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INTERACTIONS BETWEEN PROSTAGLANDINS. PHOSPHOLIPIDS, AND

SPERMATOZOA

The fact that prostaglandins are present at high concentrations in

human seminal plasma has been known for more than 50 years, although

their precise role in reproductive physiology remains unclear. Direct

influences on spermatozoa have been proposed, but a lack of convincing

evidence for prostaglandin binding to sperm membranes is incompatable

with such a suggestion. Results described in this thesis clearly demonstrate

that prostaglandins bind specifically to sperm membranes, and may still be

present in detectable amounts after several washing steps.

[,4C1 arachidonic acid can be incorporated into sperm membranes, but

is not converted to prostaglandins either after natural or A23187 stimulated

fatty acid release. This suggests that sperm have no capacity for de novo

synthesis of prostaglandins and any requirement they have must be met

from exogenous sources.

Recent reports have suggested that seminal prostaglandin concentrations

may be correlated with sperm motility, and that the addition of

prostaglandins to washed human sperm can directly affect this semen

parameter. Using sensitive antisera raised against the methyloximes of the

major prostaglandins, seminal prostaglandin concentrations were measured

in a large number of samples. Results obtained from these studies showed

that the PGE: PGF ratio could be positively correlated with motility.

Reduction of seminal prostaglandin levels using the non-steroidal anti¬

inflammatory drugs oxaprocin and indomethacin failed to alter sperm

motility, although no changes in the PGE: PGF ratio were detected.

All prostaglandins had the capacity to inhibit respiratory linked C02

liberation from human spermatozoa, 2m effect which may be mediated by

changes in the intracellular calcium concentration. E prostaglandins,



2

however, stimulated sperm fructolysis and motility, while PGF2a inhibited

both of these events. The stimulatory capacity of the PGE's may be related

to their ability to elevate intracellular levels of cAMP. The exact

mechanism by which PGF2a reduces motility remains obscure, although the

stimulation of phosphatidylinositol turnover via the activation of

phospholipase C (PLC) may be implicated.

PLC activity was detected in seminal plasma and spermatozoa. Enzyme

from both sources was stimulated by several compounds known to be

present in seminal plasma, including the prostaglandins.

PLA2 was also associated with both sperm and seminal plasma. On

ejaculation, PLA2 must be maintained in an inactive state in order to prevent

the induction of premature acrosome reaction. Inhibition may be mediated

by an interaction between Zn2+ and Ca2+ ions.

The ability of seminal plasma to act as an immunosuppressant was

also examined. Evidence suggests that immunosuppressive activity involved

an interaction between two or more factors present within the seminal

plasma. One of these factors may be the prostaglandins.

Finally, prostaglandin concentrations in samples obtained from fertile

men were compared with those from individuals with unexplained infertility.

While prostaglandin levels were not different for the two groups, the

seminal plasma PLC activity were significantly reduced in the infertile

samples. This may indicate the physiological importance of this enzyme.
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GENERAL INTRODUCTION

1.1 Zpern Junction - fin 0omieio
Spermatozoa aire cells which possess a finite range of functioned

capabilities. They are motile, a capability which enables them to accomplish

their primary purpose, that of carrying the genetic material from the male

to the female gamete, the oocyte, where fertilization takes place. Following

entry into the mammalian female reproductive tract, sperm may survive for

a relatively brief, but species-specific interval, usually of one or two days

duration. During this time, the 200-300 million sperm ejaculated during

coitus in the human are reduced to approximately 200 sperm which

actually reach the site of fertilization, the ampulla of the oviduct. In

keeping with their limited functional ability, spermatozoa are highly

differentiated cells retaining only those organelles which are intimately

associated with either motility or fertilization (Phillips, 1975). Spermatozoa

have no capacity for de novo biosynthesis and must therefore depend

constantly upon exogenous fluids from both the male and female

reproductive tract to provide a source of energy as well as an adequate

environment for their continued maturation.

As the spermatozoa are transported through the female tract, an

essential change in their functional state occurs over several hours which

allows fertilization to procede. This maturational process, capacitation

(Austin, 1951; Chang, 1951), prepares the spermatozoa to undergo the acrosome

reaction, an exocytotic event involving fusion of the membranes overlying

the head of the sperm and exposure of the acrosomal contents and inner

acrosomal membrane (Bedford and Cooper, 1978; Green, 1978a; Meizel, 1978.

1984; Moore and Bedford, 1983; Langlais and Roberts, 1985). Capacitation. a

series of events peculiar to mammalian spermatozoa, is thought to be a

process which regulates the timing of the acrosome reaction so that it
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occurs in close proximity to the egg (Bedford, 1983). In other species,

including the invertebrates, where female and male gametes are released

simultaneously, the acrosome reaction is triggered by specific products

released from the egg coat (Epel and Vacquier, 1978), and so the need for

the timing events of capacitation qr« removed.

Overall, the results of endocrine studies suggest that capacitation is

mediated through definite factors in the female tract. Although the exact

nature of all factors is unknown, the levels of hormones, and therefore the

stage of the ovulation cycle can certainly modify the capacitation potential

of spermatozoa. In general, high plasma oestrogen levels tend to promote

capacitation in the uterus, while high progesterone levels will suppress it

(Bedford, 1974). This must not, however, be taken as a suggestion that all

spermatozoa become capacitated and acrosome react simultaneously. In

fact, the mammalian sperm acrosome reaction is characterized by the

heterogeneity of response both in vitro and in the female reproductive

tract (Perrault and Rogers, 1982). Such a staggered induction of the

acrosome reaction probably reflects not only inherent differences in individual

cells, but also differences in the time they spend in each region of the

female reproductive tract. This situation carries the obvious advantage that

spermatozoa which are capable of bringing about fertilization arrive in the

oviduct over the period of time that it takes for the egg to migrate to

this position.

Fertilization is a complex process, a series of events which starts

with the production of the male and female gametes and ends with the

fertilization of an egg by one single sperm. While it is important that the

overall aim of the sperm must be constantly borne in mind, an in depth

discussion of all stages of functional maturation is beyond the scope of

this thesis. Consequently, the work described here will deal mainly with a

single time period in the life cycle of the spermatozoa, the mixing of
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spermatozoa with seminal plasma, and the influence various substances

within the seminal plasma have both on the sperm as well as the female

reproductive tract.

-1.2 fpemml 'plasm - Composition and 0\mul 'physiological fygnifaance
Seminal plasma is a complex substance originating from the secretory

glands of the male reproductive tract (see Mann and Lutwak-Mann, 1981).

The various glands which contribute to an ejaculate do not discharge their

contents simultaneously, and it has been demonstrated, using a split ejaculate

technique (Eliasson, 1959), that an ejaculate consists of three main fractions.

The first fraction consists mainly of prostatic secretion, as evidenced by

the high level of acid phosphatase which is secreted solely by the prostate.

In all, the prostate contributes between 15-30% of the toted volume of the

seminal plasma. The second fraction contains the secretions of the

epididymides and ampulae and therefore carries the bulk of the spermatozoa,

while the fined fraction (approximately 50-80% of total volume) consists

largely of the secretions from the seminal vesicles and contains most of

the fructose, a carbohydrate secreted only by these glands.

An outline of the major constituents of human seminal plasma

(excluding spermatozoa) can be seen in table 1.1. Both prostate and especially

seminal vesicles secrete their products in an apocrine manner, and it is

believed that this may explain the diversity of compounds, especially the

enzymes, found in seminal plasma. In general, the concentrations of

compounds within the seminal plasma greatly exceed those concentrations

seen in blood plasma. There are, however, exceptions to this, notably

sodium, chloride, and the total protein concentration. In fact, the osmotic

state of the seminal plasma, unlike that of other body fluids, depends to

a high degree not upon inorganic, but upon organic substances.

Physiologically, seminal plasma has received rather a raw deal as
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<rLable 1.1

MAIOR CONSTITUENTS OF HUMAN SEMINAL PLASMA

IONS CARBOHYDRATES
Bicarbonate Fructose
Calcium Glucose
Chloride Inositol
Magnesium Sorbitol
Potassium
Sodium LIPIDS
Zinc Cholesterol

Phosphatidylcholine
PROTEIN Phosphatidyl serine
Calcium binding proteins Sphingomyelin
Free amino acids

Peptides ORGANIC ACIDS
Zinc binding proteins Ascorbic acid

Citric acid
ENZYMES Lactic acid
Glucosidases Pyruvic acid
Phosphatases
Phospholipases PROSTAGLANDINS

Proteolytic enzymes PGEj
Nucleolytic enzymes pge2

PGF2oc
OTHER NITROGENOUS COMPOUNDS 19-OH PGEt
Acetylcarnitine 19-OH PGE2
Carnitine 19-OH PGF,a
Glycerylphosphorylcholine 19-OH PGF2a
Hydroxytryptamine
Hypotaurine HORMONES
Noradrenaline Calcitonin

Phosphoryl choline Dihydrotestosterone
3 Endorphin

NUCLEOTIDES FSH
cAMP hCG

Inhibin
POLYAMINES LH
Putrescine Oestradiol-173
Spermidine Oestriol

Spermine Oestrone

Progesterone
Prolactin
Testosterone

(See Mann and Lutwak-Mann, 1981)
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regards possible functions. At one extreme, some scientists attribute little

physiological significance to seminal plasma because sperm can be taken

straight from cauda of the epididymis and, if incubated under the appropriate

conditions, can be successfully used in artificial insemination. At the

opposite extreme there is often a hasty inclination to assign every newly

discovered seminal constituent a major role in fundamental processes such

as sperm motility and fertilization.

It seems likely that a more conservative approach to the evaluation of

seminal plasma function is required. At a most basic level, seminal plasma

becomes a physiologically significant fluid in that it is a natural diluent and

transport vehicle for the spermatozoa, buffering the vaginal pH to more

than 7 within seconds after ejaculation as well as providing a readily available

energy source, fructose. Seminal plasma also contains proteolytic enzymes

important for the coagulation and liquefaction of semen as well as

nucleolytic enzymes which dispose of nucleoprotein from decaying sperm.

The functional significance of other seminal constituents including especially

cAMP. calcium and phospholipases will be discussed elsewhere in this

thesis. The main concern of this work is, however, to define the biological

importance of a specific group of compounds, the prostaglandins.

1.3 'pustaqlanhns - C\mzal Histoiy and £>twctuml Odentifrcation
Broadly speaking, prostaglandins are 20 carbon fatty acids, with a

characteristic cyclopentane ring to which two carbon chains, the a (7 carbon

atoms) and the u chain (8 carbon atoms) are attached. Although it has

been demonstrated that almost all tissues have the capacity to synthesise

prostaglandins, they were first discovered in human seminal plasma over 50

years ago (Kurzrok and Lieb, 1930). Kurzrok and Lieb demonstrated that

fresh human semen could either relax or contract the human uterus in

vitro, an observation which was confirmed five years later by Cockrill et
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aJ. (1935) using isolated human myometrial strips. Working independently,

Goldblatt (1933, 1935) and von Euler (1934, 1935, 1936) observed that alcoholic

extracts of human seminal plasma possessed extremely active hypotensive

and smooth muscle stimulating properties. The active compound was found

to behave as a lipid soluble hydroxylated, unsaturated fatty acid (von

Euler, 1935, 1936, 1938) and was named "prostaglandin".

It took more than 20 years for the structures of the prostaglandins

to be established. In 1960, Bergstrom and Sjovall succeeded in isolating a

crystalline compound, PGFjOt from vacuum dried sheep prostate gland

(Bergstrom and Sjovall, 1960a). As well as PGFjOt, a more lipid soluble

factor was also identified. This was later characterised as PGEj (Bergstrom

and Sjovall, 1960b). Within 3 years of the publication of these results,

PGEj, PGFja, as well as PGE2, PGE3 and PGF2a were reported in human

seminal plasma. Subsequently, eight more prostaglandins: Alt A2, Bj, B2

and their respective 19-hydroxylated forms were isolated from pooled

semen (Hamberg and Samuelsson, 1966).

While it was acknowledged that PGE and its 19-OH equivalent could

be converted to A and B forms by dehydration, Hamberg and Samuelsson

suggested that the dehydrated prostaglandins were of biological origin,

since tritiated PGEj added to seminal plasma was not markedly converted

to these forms. Almost 10 years later, however, Taylor and Kelly (1974)

reported the presence of 19-OH PGEj and 19-OH PGE2 in human semen

and suggested that these compounds and not their dehydrated derivatives

were the major seminal prostglandins. In their experiments. Taylor and

Kelly prevented any degradation of the E prostaglandins by oximating the

semen sample prior to extraction, a precaution designed to protect the

unstable (3 ketol system. Following this treatment, little A, B or the 19 OH

equivalents were found. The prostaglandins of the A and B series identified

by the Swedish group were thus eventually recognised as artifacts, probabl)
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formed during storage or isolation procedures. A year later, the range of

seminal prostaglandins was extended when Taylor and Kelly (1975) identified

19-OH PGFjOt and 19-OH PGF2a as well as the 8-iso 19-hydroxy PGFs. Like

their 19-OH PGE equivalents, the 19-OH PGF's were found to be pesent in

much higher concentrations than the parent PGFcompounds. By the end of

the 1970's, the number of prostaglandins in human semen further increased

when the 8-iso prostaglandins corrsponding to all the major prostaglandin

components of semen were identified (Taylor, 1979).

The state of knowledge on the range of prostaglandins in seminal

plasma remained static until 1986 when Schlegel and Meyer reported the

presence of prostacyclin (PGI2) in human seminal plasma (concentration =

8.8 - 3.7 pg/mg protein). In the same year, Oliw et al. (1986a) identified the

18,19 dehydroprostaglandin derivatives of PGEj and PGE2, while a year later

the same group isolated 19,20-dehydro PGEj and PGE2 from human seminal

fluid (Oliw et al., 1987). All of these are, however, minor components

when their concentrations are compared with those of PGE and 19-OH PGE.

The preceding paragraphs have indicated the complexity of seminal

plasma with regard to prostaglandin conttent. It would be foolish to dismiss

the minor prostaglandin products as being without any physiologial role,

especially as one of the prostaglandins, prostacyclin, has already been

demonstrated to have some correlation with sperm motility (Schlegel and

Meyer, 1986). It would, however, be equally foolish to try to assess the

physiological role of each prostaglandin derivative, especially as the exact

function of the major seminal prostaglandins is yet to be established

conclusively. Because of this, only PGEj, PGE2, 19-OH PGEj, 19-OH PGE2,

PGF2a, and 19-OH PGFia will be examined in this thesis.

1.4 "pxcstaqianbin 'Biosynthesis
Prostaglandins are produced locally, act within the same organ and
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are mostly catabolised locally. Arachidonic acid and certain other

polyunsaturated fatty acids are transformed into prostaglandins by the

action of a glycoprotein enzyme, prostaglandin endoperoxide synthetase

(Samuelsson et al., 1978). (See Figure 1.1 for the biosynthetic pathway of

the 2 series prostaglandins). These fatty acids arise from a number of

intracellular pools including phospholipids, cholesterol esters and mono, di,

or triglycerides. The consequence of such a range of prostaglandin

precursor containing compounds is that several enzymes, including

phospholipases, esterases and lipases, must be available to the cell.

Experiments have suggested that phospholipids are the most important

substrate for prostaglandin biosynthesis (Flower and Blackwell, 1976; Vogt,

1978), and that arachidonic acid from this source can be mobilized by

phospholipase An within the time span, and under the conditions in which

prostaglandin synthesis and release occurs.

The enzyme prostaglandin endoperoxide synthetase consists of two

distinct enzyme activities, a cyclooxygenase which inserts two molecules

of oxygen into arachidonic acid, and a peroxidase which reduces the

cyclooxygenase product, the endoperoxide PGG2, to its 15 hydroxy analogue,

PGHo. Both activities of the endoperoxide synthetase reside in a single

protein (Pace-Asciak and Smith, 1983). Endoperoxide synthetase is membrane

associated, being contained in endoplasmic reticulum and nuclear membranes

but not plasma or mitochondrial membranes (Rollins and Smith, 1980). The

enzyme has been purified to homogeneity and found to be comprised of

two subunits, each with a molecular weight of 72,000 (Roth et al., 1981;

Pagels et al.. 1983).

Isomerization of PGH to PGE is catalysed by a microsomal enzyme,

prostaglandin endoperoxide E-isomerase (although a small amount of non

enzymic degradation does take place). This enzyme has been purified from

both bull (Ogino et al., 1977) and sheep (Nugteren and Christ-Hazelhof,



Jlqute 1.1 Biosynthetic pathway showing the production of prostaglandins

of the 2-series from arachidonic acid. Enzymes are indicated

by the following letters:

a. Phospholipase A2
b. Cyclooxygenase ,

c Peroxidase ' Prostaglandin endoperidoxide synthetase
d. Prostacyclin synthase
e. Thromboxane synthase
f. Prostaglandin endoperoxide D isomerase
g. Prostaglandin endoperoxide E isomerase
h. Prostaglandin endoperoxide F reductase
i. PGE 19-hydroxylase
j. PGF 19-hydroxylase

All prostaglandins in this figure have been found in seminal

plasma with the exception of PGD2 and TXA2.

► Enzymic conversion

> Non-enzymic conversion
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1980) vesicular gland microsomes. PGHo is converted to PGF2a by

prostaglandin F-reductase. Like PGE, PGF2a can be formed non

enzymatically, although it seems unlikely that this mechanism of production

accounts for the quantities and the rapidity of formation of this

prostaglandin, especially by reproductive tissues.

Little is known about the biosynthesis of the seminal 19-hydroxylated

compounds, although recently, PGE2 19-hydroxylase activity was demonstrated

in microsomal fractions of human (Oliw et al., 1986b) and monkey seminal

vesicles (Oliw et aJ., 1988). The enzyme has been shown to require NADPH

for full activity, may be under testosterone control (Skakkebaek et a/.,

1976), and its inhibition by carbon monoxide and proadifen (SKF 52SA)

suggest that the hydroxylase has many properties in common with

cytochrome P450. Although no enzymes have been described as yet, it is

believed that a similar 19-hydroxylase specific for F prostaglandins is

present in human seminal vesicles. The structures of the E and F

prostaglandins as well as their 19-OH derivatives are the main concern of

this thesis and are illustrated in Figure 1.2.

i .5 Zemiwl Vesicles as the fkte o{ jhoduction the ])icstaqiankns
When von Euler (1935, 1936) named the recently discovered substance

in human seminal fluid "prostaglandin", it was based on the belief that it

originated from the prostate gland. Although minor concentrations of PGE2

and PGF2oc have been found in the prostate (Cavanaugh, 1976, 1980; Conte et

aJ., 1979a) and even the testes (Carpenter et a/., 1978), most studies seem to

indicate that the seminal vesicles are the preferential site of prostaglandin

production.

As was previously mentioned, Eliasson (1959), using a split ejaculate

technique, found a close correlation between prostaglandin concentration

measured by bioassay and fructose concentration in the various fractions
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'T-iqwie 1.2
STRUCTURES OF THE HUMAN SEMINAL PROSTAGLANDINS

OF INTEREST THROUGHOUT THIS THESIS

19-OH PGFitx 19-OH PGF2ct
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indicating that the prostaglandins originated from the seminal vesicles.

While later studies analysing whole semen samples have failed to

demonstrate any correlation between the concentration of fructose and

PGE (Bygdeman and Eliasson, 1969; Conte et al., 1979b), a positive

relationship between the seminal concentrations of 19-OH PGE and this

carbohydrate has been described (Conte et aJ., 1979b)

In 1973, Brummer analysed whole semen samples for the content of

PGEj and the dehydrated prostaglandins PGA and 19-OH PGA before and

after vasectomy. The results showed that prostaglandins could still be

measured (in fact, significant increases in prostaglandin concentrations

were seen) in seminal plasma at both 12 and 16 weeks after the operation,

suggesting that prostaglandins were still being produced even after the

testes were no longer in continuity with the lower genital tract. This

confirmed that these organs were not the main producers of seminal

prostaglandins. More recent work has supported the idea that vasectomy

has little effect on seminal plasma prostaglandin concentrations (Gerozissis

et al., 1982; Bendvold et al., 1985a). Furthermore, the experiments of

Gerozissis and coworkers were extended to study the levels of prostaglandins

in the seminal plasma of patients with agenesia of the vas deferens and

seminal vesicles. Here, prostaglandin concentrations were found to be

100-100,000 fold less than those measured in normal intact subjects, again

suggesting that seminal vesicles are the site of prostaglandin production.

Similar work on known cystic fibrosis patients, where the ejaculatory fluid

reflects secretions from only the prostate, bulbo-urethral and urethral

glands (Bendvold et al., 1986) again failed to detect any significant levels

of prostaglandins. It seems unlikely then that any gland other than the

seminal vesicles could synthesize appreciable levels of these compounds.

While it might be conceded that these above studies are not irrefutable

evidence for the production of prostaglandins by the seminal vesicles.
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direct studies have shown that homogenates of human seminal vesicle but

not prostate or testis, could convert eicosatrienoic acid into significant

amounts of PGEt (Hamberg, 1976). These results further suggest that

prostaglandins are produced primarily by the seminal vesicles.

1.6 /Leoels ])icstaqlanbins in 'Human Seminal "plasma
Determination of the levels of prostaglandin in seminal plasma has

been the subject of much attention and one which will be discussed in

detail in a subsequent chapter (Chapter 3). Briefly, however, the assessment

of 19-OH PGE and PGE by gas chromatography (GC) and 19-OH PGF and

PGF by gas chromatography mass spectrometry (GCMS) (Templeton et aJ.,

1978) in a number of normal subjects has demonstrated a wide range of

values for each prostaglandin concentration. The average ejaculate was

found to have a mean combined 19-OH PGE + PGE concentration of 340ug/ml,

with the total prostaglandin content at about lmg.

One aim of the work described in this thesis is to characterize an

assay system which will allow all of the prostaglandins outlined in Figure

1.2 to be analysed accurately and with sufficient speed to be able to cope

with a large number of samples. Assuming such a situation can be realised,

this should provide sufficient information with which to tackle the primary

aim of this work, the identification of the physiological significance of the

seminal prostaglandins.

1.7 'physiological fkgnifaance o{ the Jkesence 'piostaqlankns in
fieminal plasma

Considering the high concentrations of prostaglandin in human seminal

plasma, it is surprising that over fifty years after their initial identification,

no single definite function can be attributed to these compounds (see

Eliasson, 1959; Hawkins, 1968; Bygdeman et aJ., 1970; Poyser, 1974; Kellv.
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1978; Kelly, 1979; Taylor, 1979b; Kelly, 1981; Svanborg et al., 1983; Kelly et

aJ., 1984; Bygdeman et al., 1985; Bendvold et al., 1987). It may be that

prostaglandins have no single function, but act in a variety of different

ways on several reproductive tissues. While Eliasson (1959) suggested that

the 3 most probable areas in which prostaglandins might be effective were:

1. Stimulation of the male reproductive tract at ejaculation -

2. Stimulation of the female reproductive tract with the consequent

facilitation of the passive migration of spermatozoa -

3. A direct action upon spermatozoa, perhaps regulating motility -

it may be that prostaglandins act to a greater or lesser degree in all 3

areas. An analysis of the effects prostaglandins have on both the male and

female reproductive tract will form a large part of one chapter of this

thesis (see the introduction to Chapter 4), while the bulk of the

experimentation will deal with direct effects on spermatozoa.

One feature which will be examined is the capacity of sperm to bind

prostaglandins. Although prostaglandin binding sites have been described

(Bartozewicz et al., 1975; Mercado et al., 1978) using indirect techniques

(ferritin coated antibodies and fluorescence quenching respectively), direct

studies using radioactive tracers have suggested that no receptors exist

(Schlegel et al., 1981). The demonstration of receptors is important in that

if they cannot be found, it is difficult to rationalise any effects on other

sperm parameters which may be seen upon incubation with prostaglandins.

Motility has been shown to be directly affected by incubation with

prostaglandins. Most recently, human sperm motility was seen to be

stimulated by 19-OH PGE, PGE and PGF2ot (Aitken and Kelly, 1985), although

correlations between motility and seminal prostaglandin levels have not

been observed (Freixa et al., 1984; Maier and Sinzinger, 1985). An interesting

suggestion has been that motility can be positively correlated with the

19-OH PGE: 19-OH PGF ratio; the larger the ratio, the higher the motility
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(Svanborg et al., 1983; Bendvold et al., 1984). Such a situation would mean

that, to a certain extent, the absolute levels of prostaglandin would not

matter to motility, as long as the ratio was high. Certainly, this thesis

will attempt to confirm any effects of prostaglandins on motility, both via

correlation studies as well as direct incubation experimentation.

As sperm motility is known to be modulated by the intracellular

levels of both cAMP and calcium (Garbers and Kopf, 1980; Tash and Means,

1983), the effectiveness of prostaglandins in altering the concentrations of

these cellular messengers will also be assessed.

Seminal plasma is known to be a potent immunosuppressent (Alexander

and Anderson, 1987) and prostaglandins of the E series have been reported

to account for at least some of this immunosuppressant activity (Lieb and

Karmali, 1985; Tarter et al., 1986). While this has importance for spermatozoa,

as these cells have a high immunogeneity (Bratanov et al., 1986), its relevance

to the transmission of the AIDS virus has stirred up much interest (James

et al., 1983; Johnstone. 1986). Experiments described in Chapter 9 of this

thesis will assess the ability of the major human seminal prostaglandins to

influence macrophage function, cells which are central to the functioning

of the body's immunological and inflammatory responses (Unanue and

Allen, 1987) and which are known to be elicited by the presence of human

semen in the female reproductive tract (Pandya and Cohen, 1985).

Finally, the influence that seminal prostaglandins have on unexplained

infertility will be assessed. Earlier work has shown that low PGE levels

could be correlated with cases of unexplained infertility (Hawkins, 1968;

Bygdeman et al., 1970; Brummer and Gillespie, 1972; Collier et al., 1975). All

of the major seminal prostaglandins will be measured, and their

concentrations correlated to fertility.
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1.8 species Distribution fpem'ml 'pzostaqlanbins
One constant problem with trying to ascribe a particular physiological

function to the seminal prostaglandins is that not all species possess PG

within their seminal plasma. In fact, man seems to be the only species

which possesses significant quantities of seminal prostaglandins.

While the insensitive bioassays used by von Euler (1936) failed to find

any prostaglandins in the seminal plasma of any species including guinea-pig,

rabbit, cat, dog, pig, bull, horse or monkey, only preparations of the

sheep seminal vesicles provided any significant prostaglandin effect.

Alcoholic extracts of monkey vesicular glands, however, contained another

bioactive substance, but one which was distinctively different from

prostaglandin (von Euler, 1936). Forty years later, this substance, which von

Euler called "vesiglandin", was tentatively identified as 19-OH PGEj when

the semen of subhuman primates (including chimpanzee, gorilla, orang-utan,

rhesus monkey and stumptailed macaque) was shown to have concentrations

of up to 780 gg/ml of this prostaglandin (Kelly et a/., 1976). Levels of

19-OH PGE2 were also demonstrated at only one fifth of the concentration

19-OH PGEj. 19-OH PGF has been detected in only one species other than

man, the diprotodont marsupial, Trichusaurus vulpecula, the brush tailed

possum (Marley et al., 1977). Here, 19-OH PGF was demonstrated in both

prostate gland extracts as well as semen. No 19-hydroxylated prostaglandins

were found to be present in bull, boar, ram or rabbit semen (Kelly et al..

1976) although recently, 20-hydroxylated PGEj and PGE2 has been detected

in ram seminal fluid (Oliw et al., 1986b). Indeed, outside of primate species,

the ram has the greatest levels of seminal prostaglandins with a

concentration of PGE at 31gg/ml; and PGF at 7gg/ml (Bygdeman and

Holmberg, 1966). It is surprising that bull seminal plasma contains little

prostaglandin (PGE - concentration up to 487ng/ml - Mai and Kinsella,

1980; PGFoi* - 0.17ng/ml - Voglemayr, 1973) as the seminal vesicles have a



22

high capacity to synthesize prostaglandins (Yamamoto et al., 1977). Rabbit

seminal plasma has a PGE concentration of 71ng/ml, while the concentration

of the same prostaglandins in the horse is 24ng/ml (Poyser, 1974). Pig, dog

(Poyser. 1974) and rat semen (Ventura and Freund, 1973) have total seminal

prostaglandin concentrations which do not excede 5n.g/ml. Indeed, it has

been suggested that prostaglandin concentration of this magnitude may be

produced by tissues other than the seminal vesicles including the testes

(Carpenter et al., 1971, 1978), vas deferens (Bartke and Koerner, 1974) and

epididymis (Sorgren and Glass, 1972; Voglemayr, 1973; Conte et aJ., 1979a).

Eliasson (1959), and later Poyser (1974) both suggested that the

presence of prostaglandins in seminal plasma may be related to the type

of insemination practised by that species - whether intravaginal (man, sheep,

cow, rabbit) or intrauterine (horse, pig, dog, rat). Measurements of the

seminal prostaglandin levels in these species, however, could not support

this hypothesis.

Obviously, the skewed distribution of seminal prostaglandins towards

the primates needs some explanation, and all aspects of prostaglandin

function discussed in this thesis will be assessed with species distribution

in mind.



Chaptel 2

GENERAL MATERIALS AND METHODS
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GENERAL MATERIALS AND METHODS

The materials and methods described in this chapter are those which

are routinely used throughout the work of this thesis. Specific materials

and methods sections are described within their relevant chapters.

2.4 f/ieasuzement o{ ])ustaqlandln b\f Tjadioimmunoassay

2.4.4 /idet/\\floxLmation samples

Samples were diluted up to a 1:1 (v/v) with a methyloximating

reagent which was made up as follows. 5g of methoxyamine hydrochloride

(Eastman Kodak) and 41g anhydrous sodium acetate (BDH Ltd.) were

dissolved in 450mls of water. 50ml of ethanol (BDH 'Analar' reagent) was

added to this, and the pH of the solution checked at 5.6-5.8. Samples

were left to oximate either at room temperature overnight, or alternately

were heated to 60° C for 30 minutes. Oximation at room temperature has

been previously shown to convert greater them 95% of prostaglandins to

their methyloxime form even in complex fluids such as plasma.

2.4.2 Domination prostaglandin

Preparation of the tyrosine methylesters of 19-OH PGE as the

methyloxime and 19-OH PGF extracted from semen was carried out using

the method described by Dray, 1982. The tyrosine methylester conjugate

was purified by HPLC and TLC prior to iodination. U.V. absorption at

214nm was used to detect the amide bond. Following purification, the

prostaglandin solution was divided into small aliquots (50-100ng/tube) and

lyophilized.

The 19-OH prostaglandin conjugate was dissolved in lOpl of acetone.

lOpl of 0.25M phosphate buffer (BDH Ltd., Poole) pH 7.4 was added, the
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tube vortexed, and the acetone then evaporated off under vacuum. 10p.l

(lmCi) of Na(125I) (lOOmCi/ml in NaOH solution pH 7-11, Amersham

International, Bucks.) was added to the tube followed by 10^1 of chloramine

T solution (30mg chloramine T - Sigma Chemical Co., Poole, Dorset, in

5mls of 0.25M phosphate buffer pH 7.4). The reaction was allowed to

continue for two minutes after which 10^1 of a sodium bisulfate solution

was added (50mg sodium bisulfate - Sigma Chemical Co., Poole, Dorset, in

5mls of 0.25M phosphate buffer pH 7.4). After two minutes, the tube was

vortexed, and the solution applied to the origin of a TLC plate (Kieselgel

60 F254 - 20x20cm silica pre-coated plastic sheets, Merck.). The plate was

run for approximately 25 minutes in a pre-equilibrated tank containing the

following solvent system; chloroform : methanol: water (75:25:2 v/v).

After allowing the plate to dry, an unexposed film (Kodak X-ray film

8x10 inches Xar-5) sealed in a black photographic bag was placed onto it

for 5 minutes. The autoradiogram produced was developed, and the band

corresponding to the iodinated prostaglandin identified. This band was then

cut from the TLC plate and the label eluted with methanol. Tritiated

prostaglandins E2 and F2a (PGE2 specific activity = 140-170Ci/mmol. PGF2a

specific activity = 160-180 Ci/mmol) were obtained from Amersham

International, Amersham, Bucks.

2.1.3 Determination of, the puzity oj, the 19-OH PGE and 19-OH PGF

Labels HPLC

About 10,000-50.000 cpm of label was injected onto a 10x0.8cm

reverse phase silica column (Waters Radial Pak Liquid Chromatography

Cartridge, lOu particle size). The column was eluted using a linear solvent

gradient moving from 100% water to 100% acetonitrile over a period of 1

hour at a flow rate of lml/minute. 60 x 1ml fractions were collected over

the elution period, and 100fil aliquots of each fraction counted to detect
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radioactive peaks.

HPLC traces produced using this method showed that 62% of the

19-OH PGF label and 75% of the 19-OH PGE label are eluted as single

peaks (see Figure 2.1).

2.-7.4 "piepuxation of. the prostaglandin immunc^en, and animal immunization

schedule

The carboxyl group of the 19-OH prostaglandin hapten was used to

attach the antigenic carrier, in this case human serum albumin (HSA -

Sigma Chemical Co., Poole. Dorset) via an amino group, using the mixed

anhydride method (for a detailed description of this method see Erlager

et aJ. 1957). This step and the animal immunization were carried out by Dr.

R.W. Kelly. New Zealand White rabbits were used to raise the prostaglandin

antibodies. lOOug of protein in a 1:1 mixture of saline and Freunds complete

adjuvant (5mls total volume) was homogenised to form a stable emulsion.

This was then injected intradermally into multiple sites on the backs of

the rabbits. The animals were initially boosted 6 weeks after the primary

immunization, and at intervals of 4 weeks following this. Blood was

obtained from the rabbit's ear vein, allowed to clot overnight at 4°C, and

the serum separated following centrifugation at 600g for 15 minutes.

2.1.5 T^dioimmunoassa^ technique, and antiseza chazactexisatlon

Assay buffer (tris 0.05mol/l - Sigma Chemical Co., Poole, Dorset) pH

7.4 with 0.05% w/v sodium azide (BDH Ltd., Poole), 0.03% w/v EDTA (Sigma

Chemical Co.. Poole), and 0.5% w/v bovine globulin (Sigma G5009) was

used in the preparation of all RIA reagents. Once the rabbit serum had

been obtained, the optimal antibody titre for the RIA was determined.

Typically, a serial dilution range of 1:20 to 1:163,840 was set up. lOOul of

label (10,000 cpm for 12SI assays, 5,000 cpm for 3H assays), 100^.1 of



^f-iquze 2.1 HPLC elution profile of iodinated 19-OH PGE and
19-OH PGF label.
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serum dilution and lOOul buffer were added to polypropylene tubes (Sarstedt

72,694) and vortexed. The incubation was carried out overnight at 4°C,

after which the bound label was precipitated by the addition of 0.8ml of

25% w/v polyethylene glycol 6000 (BDH Ltd., Poole). The tubes were mixed,

then centrifuged at 600g for 15 minutes. The supernatant was

discarded by tipping the tubes over a mesh, and the assay tubes allowed

to drain onto absorbent paper for at least 15 minutes. For iodine RIA, the

dried pellets were counted directly (NE 1600). For tritiated assays, 1ml of

scintillant (Optiphase RIA, Fisons) was added to the tubes, which were

counted on a LKB Wallac 1216 Rackbeta Liquid Scintillation counter. A

dilution of antisera was chosen which gave approximately 30-40% binding

of label.

The assay of samples was carried out using essentially the above

method in that 300pl was the total assay volume. The sample was made

up to 100^1 with assay buffer, and to this, 100^x1 of label and 100(il of

antisera was added. Every assay included at least one standard curve (10

concentrations of prostaglandin from 2-1024pg) for every 200 sample tubes,

plus quality controls (concentration of 20pg). Assays were usually carried

out in duplicate.

Cross reactivity determinations were made for a wide range of

prostaglandins, as their methyloximes. Typically, lOpg, lOOpg, lng and lOng

of prostaglandin were added to the assay tubes, and the concentration at

which displacement of 50% of bound label occurred was compared to the

standard curve concentration of prostaglandin capable of producing the

same displacement.

2.2 ffacLummnt ^xoitaqlanbln b\f 0\m Chzcmtoqaphy
Typically, lOOpl of 1:5 solution (v/v) of seminal plasma plus MOX

were added to 2mls of water, followed by lOOpl of a 20^g/ml solution of



2.2 Temperature programme used in the GC separation of

seminal prostaglandins.
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cholesterol acetate (Sigma) as the internal standard. This solution was

extracted in 10 times the volume ether: ethylacetate (1:1 v/v), the upper

solvent layer pipetted off into a clean vial, and allowed to evaporate to

dryness.

The prostaglandin extracts were then taken up in 0.5ml ether:

ethylacetate (1:1 v/v) and this was transferred to a clean flat-bottomed vial

(3mls volume - Camlab, Cambridge). Diazomethane was added dropwise to

the prostaglandin extracts, until a yellow colour was obtained. These

methylated extracts were again allowed to evaporate to dryness. 50pl of

Bis(trimethylsilyl)-trifluoroacetamide - BSTFA (Lancaster Synthesis, Eastgate,

Morecambe) was added to the dried extracts and the tubes vortexed. The

samples were allowed to derivatise overnight at room temperature or

alternatively were heated to 60°C for 30 minutes.

Prostaglandin separation was accomplished using a Carlo Erba gas

chromatography system. Cylinder pressures for air and hydrogen were set

to 1.75 and 1.4 kg/cm2 respectively, and to 1.5 and 1 kg/cm2 on the GC.

The column pressure was set to 0.5kg/cm2.

The column used for the separation was a 25m Chrompack WCOT

fused silica column (liquid phase CP-Sil-5 CB), and the prostaglandins

were separated using the temperature programme shown overleaf (Figure

2.2).

Signals were passed from the flame ionisation detector amplifier to

an integrator, and peaks displayed simultaneously on a pen recorder.

Typically, 1-3 ul of each sample was injected onto the column. Peaks

for 19-OH Ej, 19-OH E2, PGEj, PGEo and Cholesterol acetate were

identified by comparison to reference standards, and both peak height and

integration of peak area noted. The ratio of prostaglandin peak height/

cholesterol acetate peak height as well as the equivalent integration ratio

was calculated. Prostaglandin concentrations were calculated from these



*J-LqiAZe 2.3 GC standard curve — 19-OH PGEj + E2.

^Lquze 2.4 GC standard curve — PGEj + E2.
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^Iqute 2.5 Typical profile of the prostaglandins in human seminal

plasma obtained from gas chromatography with flame

ionisation detection.
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ratios from individual standard curves (Figures 2.3, 2.4). A typical GC trace

is shown in Figure 2.5.

2.3 19-OH PGE extinction human seminal plasm*

Seminal plasma was routinely collected into acetone and stored at

-20 °C. In general, approximately 200mls of pooled human seminal plasma

was added to 400mls of acetone. The protein which precipitated from the

seminal plasma was separated from the acetone via centrifugation at lOOg

for 10 minutes. The pellet was washed with a further 200mls of acetone,

the precipitate freeze-dried, and stored at -20° C. The acetone supernatants

were pooled, and evaporated to about */3 of the original volume on a

rotary evaporator. The prostaglandins were then extracted with two 400ml

volumes of ether: ethylacetate (1:1 v/v), the extracts combined, dried

using anhydrous sodium sulphate (BDH Ltd., Poole) and then evaporated to

dryness.

The dried extract was chromatographed on a 13cmx3cmG18 silica

column (Waters - Seppak), using a solvent gradient of water + 0.1% acetic

acid increasing to 100% methanol + 0.1% acetic acid (see Figure 2.6 for a

diagram of the apparatus used). 100 x5ml fractions were collected over a

24 hour period. lOOjil from each fraction was derivitised, and subsequently

assayed by GC. Figure 2.7 shows the elution profiles of 19-OH PGE j ,

19-OH PGE2 , PGEj and PGE2 . Fractions 55-70, containing 5.515mg of

19-OH PGEj plus 19-OH PGE 2 were pooled, evaporated to dryness, and

then made up to a concentration of lOmg/ml in ethanol. This 19-OH PGE

extract was >90% pure, and contained <5% PGE. The 19-OH PGE solution

was stored at -20°C until required. 19-OH PGE purified in this way was

used to produce iodinated label (2.1.5) and immunogen (2.1.6). 19-OH PGF

had been isolated previously by Dr. R.W. Kelly using a similar technique to

the one described above.



^Ujute 2.6 Apparatus used in the separation of prostaglandins from

the acetone extract of pooled seminal plasma.



 



2.7 Elution profiles of 19-OH PGE and PGE separated from

the acetone extract of pooled seminal plasma on a

Cis column.
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Protein concentrations were assayed using a modification of the

technique first described by Lowry (Lowry et ad., 1951). Briefly, to 96mls of

a 3% solution of Na2C03 (BDH Ltd., Poole) in distilled water, 2mls of

CuS04 ,5H20 (BDH Ltd., Poole) [2% w/v in distilled water] and 2mls of

NaK tartrate (BDH Ltd., Poole) [4% w/v in distilled water] were added.

This solution was stirred for at least one hour before being used.

Samples were made up to a volume of 200pl with IN NaOH, and 1ml

of the above reagent was added to each sample. The tubes were vortexed,

and then left to react for 10 minutes, after which 100^1 of Folin-Ciocalteau

reagent (BDH Ltd., Poole) 11:1 v/v dilution in distilled water] was added,

and the samples remixed. The solutions were then allowed to react for 30

minutes. Samples were vortexed before the absorption was read at 640nM

on a Pye Unicam Spectrophotometer. A standard curve using bovine serum

albumin as standard (Sigma) was set up in a similar fashion. The

concentration range of the curve was from 20-200pg/200pl in IN NaOH.

Sample protein concentrations were calculated from this curve.

2.5 "pzepatotlon '8KX0 medium
Human sperm were washed and resuspended in a calcium-containing

medium based on the Krebs-Ringer bicarbonate buffer described by Biggers,

Whitten and Whittingham (BWW) (Biggers et a/., 1971). A stock solution

was made up as follows: NaCl (BDH/Sigma) - 5.54g/l; KC1 (BDH/Sigma)

- 0.356g/l; CaCl2 ,2H2 O (Sigma) - 0.250g/l; KH2 P04 (Sigma) - 0.162g/l;

MgS04 ,7H2 O (Sigma) - 0.294g/l. To lOOmls of this solution, the following

components were added when the full BWW medium was required: NaHC03

(Sigma) - 0.21g; Glucose (Sigma) - O.lmg; Na lactate (Sigma) - 0.37ml;

Hepes buffer (Sigma) - 2mls: Pen/Strep (Sigma) - 1ml; Na pyruvate (Sigma)

- 0.003g; human serum albumin (HSA: Sigma) - 0.3g. This solution was
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brought to pH 7.4, gassed with a 5% C02/95% air mixture, and brought to
a temperature of 37°C before use.



CJiaptn 3

MEASUREMENT OF PROSTAGLANDINS IN SEMINAL PLASMA
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MEASUREMENT OF PROSTAGLANDINS IN SEMINAL PLASMA

3.1 Dntuhction

Prostaglandins (PC's) are present in most biological secretions. That

PG's have been measured in so many fluids belies the fact that they are

usually present at low concentrations, and that the prostaglandins of the

E series are inherently unstable.

The PG concentration in seminal plasma provides no difficulties,

however, as far as sensitivity is concerned. Indeed, it contains a 10 times

higher concentration of PGE than that present in human peripheral blood.

The major PG's of this complex mixture are PGE's, which means that

dehydration to the PGA's and PGB's will occur. Consequently, a great deal

of effort has gone into perfecting methods by which the major seminal

prostaglandins can be quantitatively and reliably measured. This is

important if PG concentrations are to be correlated with any aspect of

reproductive physiology.

The methods used in seminal prostaglandin measurement fall into

four main categories: bioassay; detection-by U.V. absorption following

alkaline treatment; gas chromatgraphy; and radioimmunoassay. All of these

methods have produced figures for semen prostaglandin concentrations

which are, with notable exceptions, roughly comparable (see Table 3.1). No

single method can be said to have distinct merit over any of the others,

as all methods have their own advantages and disadvantages.

3.1.1 ~Bu)ass£nfs

Bioassays were used in the early studies on accessory gland secretions.

Indeed, Kurzrok and Lieb's observation in the I930's of the contractile

effects of semen on the uterus during artificial insemination was probably

the first that could definitely be attributed to prostaglandins. In later
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TABLE 3.1

PGE 19-OH PGE PGF 19-OH PGF n

Method

of

Assay

References

40 _ GCMS Samuel s son (1963)

SO - - - - TLC/

UV

Hamberg &
Samuelsson (1966)

SS.2±20.2 - - - 25 TLC/

UV

Bygdeman

(1969)

54.4±22.1 - - - 29 TLC/

UV

Bygdeman et a/.
(1970)

37.7 - 7.3 - 5 BIO Collier & Flower

(1971)

62.2±3S.5

(13-154)

- - - 23 TLC/

UV

Brummer &

Gillespie (1972)

43.6±21.1

(13-95)

- - - 11 TLC/

UV

Brummer (1973)

35-5.7 - 1S±1.8 - 5 RIA Jubiz & Frailey

(1973)

- 200 - - - GCMS Taylor & Kelly
(1974)

SO - 7.0 - 11 RIA Clarke et al.

(1974)

81 394 - - 11 GC Cooper & Kelly
(1975)

52.7*22.1

(30-70)

- - - 5 TLC/

UV

Collier et a/.

(1975)

- - - 20 - GCMS Taylor & Kelly
(1975)

142 527 - - io GCMS Perry &

Deslderio (1977)

73.2*28.8

(2-272)

267*240

(53-1094)

2.1*1.8

(0.1-7.0)

18*14

(3-62)

22 GC/

GCMS

Templeton et al.

(1978)

4S.6*28.8 173*73 - - 7 TLC/ Lewy et a).

(1979)

87 304 0.9*0.7 18.3 17 GC/

GCMS

Taylor PhD
Thesis (1979)

89 302 _ _ 15 GC Kelly et a).(1979

56.0*33.0

(23-89)

71*35

(36-106)

- - IS GC Isidori et al.

(1980)
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TABLE 3.1

PCE 19-OH PGE PGF 19-OH PGF n

Method

of

Assay

References

65.5-49.3

(9-164)

592.6-312.5

(142.1-1047)

1.4-0.8

(0.8-2.9)

12.7-5.2

(4-19)

7 GCMS Tussel & Gelpi

(1980)

21.2 350-139 2.3-2.0 22-9 14 RIA Gerozissis &

Dray (1981)

20.6*4.2 - 4.8*0.8 - io RIA Schlegel et al.

(1981)

65*38

(21-144)

321*163

(155-638)

2.8*1.7

(1.0-5.3)

14.6*5.2

(6.2-20.6)

13 UV/

GC

Svanborg et al.

(1982)

21

(1-34)

375*464

(141-640)

3

(0.1-7.7)

21*30

(3-29)

11 RIA Gerozissis et al.

(1982)

63*23.6 72.6*35.7 - - 16 TLC/

UV

Malachi et al.

(1982)

62

(15 144)

326

(155 638)

2.8

(l.O 5.3)

15

(7.0 20.6)

10 UV/

GC

Svanborg et al.

(1983)

46

(0.8-203.4)

- 2.8

(0.03-20.1)

- 145 RIA Cosentino ct al.

(1984)

106 370 3.0 17 6 GC/

UV

Bendvold et al.

(1985b)

(l-1600pg
/ml)

- - - 145 RIA Maier &

Sinzinger

(1985)

67.1

(0.4-160)

245.7

(71.1-523)

3.2

(0.1-13.1)

13.3

(1.0-31.0)

31 UV/

GLC

Bendvold et al.

(1986, 1987)

TABLE 3.1 Prostaglandin Concentrations in Human Seminal Plasma

Values shown = mean - S.D. with the range in brackets

All values are in ng/ml unless otherwise stated
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studies, Collier and Flower (1971, 1975) bioassayed seminal PGE and PGF

against reference samples of PGE2 and PGF2<* using rat stomach strip or

rat colon. Their results correspond well with those produced by other

methods of measurement. Using this technique, however, it is not easy to

determine concentrations of individual prostaglandins, and this has meant

that this type of assay is rarely used nowadays.

3.1.2 Detection oj, "prostaglandin by U.V. Absczptlon

The U.V. absorption method of PG measurement relies on the

instability of the E type prostaglandins and is a method which is still used

today. PGEs are particularly unstable because of the existence of the 5

hydroxyketone structure in the PG ring. PGE is readily converted to PGA

in both mild acid or alkali conditions (see R.G. Stehle, 1982), and at a pH

greater than 10, PGE is converted via PGA to the relatively stable

prostaglandin, B. This method of assay is usually preceded by a

chromatography step in which the prostaglandins are separated according

to their polarity. Considerable attention must be given to this step in light

of the fact that the dehydrated prostaglandins are less polar than the

parent PG's.

To give an accurate representation of the prostaglandins present in

seminal plasma using this method, it must be assumed that little

endogenous conversion of the PGE's to their dehydrated forms takes place.

Indeed, initial work by Hamberg and Samuelsson (1966) suggested that this

was in fact the case. This group chromatographed human semen on silicic

acid columns and following base treatment and U.V. absorption measurement

at 278nm detected 4 major peaks of which 3 were subsequently identified.

The first peak contained mainly PGA and B, peak two contained PGE, while

the third peak contained 19-hydroxylated PGA and PGB (the fourth peak

was not identified). While PGE's were present at a concentration of
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approximately 50(ig/ml, the 19-OH PGA's and B's were the most common

prostaglandin components of semen at a concentration four times higher

them that of the PGEs. Furthermore, Hamberg and Samuelsson suggested

that the dehydrated prostaglandins were of biological origin, in that

tritiated PGEj added to semen was not markedly converted to the

dehydrated forms.

These observations suggested that separation of the major

prostaglandin groups followed by U.V. absorbance measurements was an

adequate and reliable way of estimating concentrations of naturally occurring

seminal prostaglandins, and because of this, little regard was given to

standardising seminal plasma sample handling techniques. Up to 1973,

several papers were published in which seminal PGE's, PGA's and B's, and

19-OH PGA's and B's were measured, and correlation of prostaglandin

levels with infertility made (Bygdeman, 1969, 1970; Brummer and Gillespie,

1972; Brummer, 1973). Although the values measured in these references for

PGE (30-50ng/ml) are roughly comparable to those measured by Hamberg

and Samuelsson (1966), concentrations of the 19-OH PGA's and B's were

considerably lower (31-89^xg/ml). Interestingly, Brummer and Gillespie (1972)

noted a considerable deterioration of seminal plasma samples on storage

at 0°C and a reduction in PGE concentrations. As they measured PGA's,

however, and found no increase, they concluded that little conversion via

this route was taking place.

In 1974, Taylor and Kelly suggested that 19-OH Ej and 19-OH E2 and

not the 19-OH PGA's and B's were the major prostaglandins in seminal

plasma, and gave a total concentration for these PC's of about 20(Vg/ml.

a value similar to that given earlier by Hamberg and Samuelsson for the

dehydrated 19-OH PC's. In their experiments, Taylor and Kelly prevented

any degradation of the E prostaglandins by oximating the semen sample

prior to extraction, a precaution designed to protect the unstable (3 ketol
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system. Following this treatment, little PGA or B could be detected in

seminal plasma, suggesting that these prostaglandins were indeed artifacts

(Middleditch, 1975).

In the same paper, Taylor and Kelly also showed that almost all of

the 19-OH PGE degraded to 19-OH PGA and B if a semen sample was left

at 37°C for 60 hours. Similar studies have also suggested that the PGE's are

also susceptible to rapid degradation (Jonsson et aJ. 1975). Obviously then,

the manner in which the sample is handled following ejaculation is vitally

important to any method of prostaglandin assay. Unless the sample is

derivatised, it must be assayed as quickly as possible after ejaculation, or

alternatively stored at -20°C in acetone, a technique which prevents

significant degradation of 19-OH E (Cooper and Kelly, 1975). Only using

such precautions is the true picture of seminal plasma prostaglandin

concentrations shown.

U.V. absorbance is an adequate technique for the measurement of the

E prostaglandins which form the bulk of the prostaglandins present in

human semen. Unfortunately, once the initial error had been made in

suggesting that A and B prostaglandins were of biological origin, the

technique as it stood in the late 1960's and early 1970's was not capable of

disproving this. It seems probable that the low levels of 19-OH PGA and B

recorded by Bygdeman in 1969 and 1970 were due to his efficiency in

handling the semen samples, but the polarity of the 19-OH PGE's meant

that they were not extracted into the solvent used (ether).

Recently, Svanborg et aJ. (1982) have adapted the U.V. absorption

method of prostaglandin E measurement. Here, the dehydration of PGE and

19-OH PGE is accomplished by alkali treatment prior to chromatography,

thus allowing for any natural degradation. Interestingly, they suggest that

there is little spontaneous dehydration of prostaglandins in the first hour

after ejaculation. Addition of 15M phenylmethylsulfonyl fluoride, a protease
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inhibitor which prevents semen coagulation, did not affect PG levels in

comparison with a sample which was allowed to liquefy naturally (Bendvold

et al. 1984). From this they concluded that in any study in which semen

parameters are evaluated in addition to PG concentrations, spontaneous

liquefaction can be allowed to occur.

3.4.3 C\as CJ\zomatocjZgpk^
Gas Chromatography has been used extensively in the measurement of

seminal prostaglandins. Cooper and Kelly (1975) accurately measured PGE

and 19-OH PGE in human seminal plasma using this method. The advantage

that all gas chromatography techniques possess is the high separative

power of the column which allows high specificity even when a non-selective

detector is used. This technique does, however, require that the functional

groups of the prostaglandins are protected from the high temperatures

needed for separation. Usually, the PC's are derivatised as the methyloxime,

methyl ester, trimethylsilyl ethers, protecting the ketol group, the carboxyl

group, and the hydroxyl groups respectively. As suggested earlier,

derivatisation of the sample as the methyl oxime after liquefaction prevents

degradation of the PGE's and the 19-OH PGE's. A limitation with this assay

technique, however, is that the F prostaglandins cannot easily be detected in

the same run as the E prostaglandins.

Multiple ion detection has been used extensively following gas

chromatography separation of the prostaglandins (Taylor and Kelly, 1974,

1975; Perry and Desiderio, 1977; Templeton et aJ. 1978; Tussel and Gelpi,

1980). Gas chromatography Mass spectrometry (GCMS) methods are highly

specific and allow simultaneous detection of several compounds in one

analysis. The sample capacity is very low, however, due to the necessary

but time consuming purification steps needed prior to assay. Generally,

GCMS is now used only for the definitive measurement of prostaglandins.



3.4.4 TZ&bLoLmmunoGssay

Radioimmunoassay (RIA) is overall the most widely used method for

the measurement of prostaglandins (for reviews see Granstrom, 1978;

Granstrom and Kindahl, 1978; Samuelsson et al., 1978). Indeed, Dray et aJ.

(1975) measured PGE's and PGF's at concentrations of a few picograms/ml

in human plasma with what were very specific antisera.

Only relatively few groups have used RIA techniques to measure

seminal prostaglandins, and perhaps one reason for this is that sensitivity

is not a requirement for their detection. Among those who have used RIA,

Gerozissis and Dray (1981) are the only ones who have measured all four

of the major seminal prostaglandin types: PGE, 19-OH PGE, PGF2cx and

19-OH PGF.

Probably the only other notable work on seminal prostaglandins

measured by RIA is that of Maier and Sinzinger (1985). They measured

PGE2 in 145 patients from infertile marriages and found that levels of this

prostaglandin ranged from l-1600pg/ml. When these results are compared

with those of Gerozissis et al. (1982) who suggest in their studies that the

lowest value of total PGE2 is lpg/ml, then the results of Maier and

Sinzinger must be considered dubious. Perhaps their results do give some

indication though as to the difficulties in developing reliable RIA's.

As has been previously mentioned, the instability of the E

prostaglandins causes problems when measuring their concentration, but it

also hinders the raising of specific antibodies for RIA. Animals immunized

with PGE antigenic complexes often produced antisera that seemed to

detect PGE, but which contained specific antibodies against both PGE and

PGB. Indeed, the PGB antibodies were usually in the majority, and possessed

a greater binding affinity than the PGE antibodies (Pong and Levine, 1977;

Dray et al. 1982). This problem has been resolved in two ways. Antibodies

have been raised against stable degradation products of PGE (Granstrom et
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al., 1986) and also stable derivatives of PGE (Oliw, 1980; Kelly et al. 1986).

The stable derivative in both papers was the methyl oxime (MOX). In fact,

Kelly et al. (1986) suggest that this incorporation of the MOX derivatisation

technique into the normal procedure gives the following advantages:

(i) MOX samples are stable during both storage, and for the duration of

the assay.

(ii) MOX PGE's are more stable during the iodination procedure.

(iii) MOX PGE-HSA immunogenic complexes can remain unchanged in the

animal for several weeks, thus giving good antisera specificity.

(iv) MOX in a sample does not interfere with the RJA of prostaglandins

which do not possess a 3 hydroxyketone structure in the PG ring

i.e. PGF2a and 19-OH PGF.

In addition to the advantages of derivatisation of the prostaglandins

prior to reusing the antibodies and assaying the samples, RIA is a relatively

simple technique and is capable of handling large sample numbers. Both of

these factors suggest that RIA would be the ideal prostaglandin assay

method for routine clinical use.

Initial aims were to characterise antisera raised against the methyl

oximes of the four major seminal prostaglandins: PGE, 19-OH PGE, PGFoe^,

and 19-OH PGF. These antisera were then used to determine prostaglandin

concentrations in samples obtained from three main sources:

(i) MRC Reproductive Biology Unit, Edinburgh (Study A).

(ii) Infertility Clinic, Western General Hospital, Edinburgh (Study B).

(iii) Max-Planck Geselischaft, Klinische Forschungsgruppe fiir

Reproduktionsmedizin, Munich (Study C).

It was not intended for this chapter to determine prostaglandin levels

in infertile and fertile men, but to give some idea not only of the mean

3.2
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concentrations, but also the ranges of the prostaglandins overall.

The samples obtained from Germany were also assayed via gas

chromatography, and the values obtained using this technique for 19-OH

PGE and PGE were compared with those obtained by RIA. The correlation

obtained for the two methods of PG measurement will give an indication

as to the accuracy of the RIA values for 19-OH PGE and PGE compared

with those obtained on the GC. This will provide an important validation

of both the 19-OH PGE and PGE RIA's.

3.3.1 Antiseia

Antisera characteristics were determined using methods described

previously (see Chapter 2).

3.3.2 f~*men pazametezs

All specimens were obtained by masturbation and incubated at 37°C

for approximately 30 minutes to allow spontaneous liquefaction to occur.

Sample volume as well as sperm density and motility measurements were

obtained at this stage.

3.3.3 dolleeticn and assavf seminal plasma samples - /Method 1

Samples collected from the MRC (Edinburgh - Study A) were treated

in the following manner. Samples were diluted in BWW (see General

Materials and Methods) up to a volume of lOmls, and then centrifuged at

500g for 5 minutes. The supernatant was collected, and the sperm

resuspended in another lOmls of medium and centrifuged. This washing

media was discarded, and the sperm resuspended to a concentration of

20x106/ml. Motility was reassessed at this point.

3.3
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lml of the diluted seminal plasma obtained after the initial

centrifugation was added to lml of methyloximating solution and the

sample left overnight at room temperature to react. All samples collected

in this way were stored after methyloximation at 4°C.

Prior to assay, the methyloximated seminal plasma samples were

diluted in assay buffer. Generally, two dilutions were made. An initial 1:100

dilution was used for the PGF2a assay, whereas this solution was diluted a

further 1:100 for the PGE and 19-OH PGE assays. 5, 10, 50 and lOOpl

aliquots of each dilution were assayed. Assays were carried out in duplicate.

Unfortunately, the cross reactivity of 19-OH PGE to the 19-OH PGF

antisera is 42%. As there is on average fifteen times more 19-OH PGE than

19-OH PGF, direct RIA of the samples for 19-OH PGF is not possible.

Consequently, all 42 samples collected using this method were subjected

to a thin layer chromatography (TLC) step to separate out the 19-OH PGF

before RIA could be carried out.

3.3.1 TLC o^, seminal plasm#

Briefly, 10,000 cpm of (12SI) 19-OH PGF label was added to a 50pl

aliquot of the diluted methyloximated seminal plasma. This was then

extracted twice with 2.5mls of ether: ethanol (1:1 v/v) followed by 2.5mls

of methanol, and the extracts pooled. lOOpl of this extract was counted,

and the extraction percentage calculated for each sample. The extracts

were pooled, dried down under nitrogen, and then redissolved in 200 pi of

methanol. A 25pi aliquot of each extract was applied to the origin of a

TLC plate (Whatman LK-60, 250 Silica gel plates - 20*20cm).

A further 25pl was counted, and the percentage of sample applied to

125
the plate calculated. Alongside the samples, 10,000 cpm of ( I) 19-OH

PGF label was applied to four lanes of each TLC plate. After allowing all

samples to dry, the TLC plate was run in a previously equilibrated tank
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containing a chloroform: methanol: water (75:25:2 v/v) solvent mixture.

Following elution, the plate was left to dry.

The plate was allowed to expose a Kodak X-ray film overnight, and

the resulting autoradiogram developed. The bands corresponding to 19-OH

PGF, as indicated by the label were scraped from the plate and extracted

with 2^2.5ml volumes of ethanol followed by 2*2.5ml volumes of methanol.

TLC of 19-OH PGF purified from human seminal plasma alongside the

19-OH PGF label in the same developing conditions showed that both

compounds had identical Rf values (Rf=0.1). Again, the extracts of each

silica band were pooled, and an extraction percentage calculated. The

extracts were then dried down, with heating at 60 °C, under nitrogen. 50^1

of acetone was added to each tube followed by 1ml of assay buffer and

the tube vortexed. The acetone was dried off under vacuum. This solution

was then further diluted 1:10 with assay buffer, and 5, 10, 50 and lOOpl

aliquots assayed for 19-OH PGF.

3.3.5 Deteiminntlon the ejects IN sodium hydzaxide (NaOH) on 19-OH

PGE extzacted {zom human semen

A solution of 19-OH PGE (concentration = approximately lOmg/ml)

extracted from human semen was methyloximated and then diluted 1:100

with 0.5M phosphate buffer pH 7.4. This was then serially diluted 1:10 in

the same buffer, until a range of 19-OH PGE dilutions from 1:1 *102 -

1:1 *10*° was obtained. From each dilution volume of lml, lO^il was assayed

for both 19-OH PGE and 19-OH PGF.

To an aliquot of the initial undiluted 19-OH PGE solution IN NaOH

was added and left overnight at room temperature. The NaOH- treated

sample was methyloximated and a range of dilutions from l:lxl02 - l:lxl010

in 0.5M phosphate buffer pH 7.4 was produced. Again, lOpl of the lml

dilution volume was assayed for 19-OH PGE and 19-OH PGF.
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3.3.6 Collection and assay of seminal plasma samples - ftlethod 2

With the exception of the 42 samples collected previously, all

subsequent samples (Studies B and C) were collected as follows: 50 pi of

seminal plasma was added to 200 pi of methyloximating solution. A further

50pl of seminal plasma from the same sample was added to 200pl of

ethanol. All samples were then stored at 4°C until they were assayed.

Two dilutions of each of the methyloximated samples were made

using assay buffer. An initial 1:100 dilution was used for the PGF2a , and

PGE and 19-OH PGE were assayed from a further 1:100 dilution. 5, 10, 50

and 100 pi aliquots were assayed in duplicate.

To the seminal plasma in ethanol, 750pl of IN NaOH was added, and

the solution allowed to stand at room temperature overnight. 10 pi of this

solution was added to 2ml of 0.5M phosphate buffer pH 7.4. Again, 5, 10,

50 and lOOpl aliquots were assayed in duplicate for 19-OH PGF.

3.3.7 Assay o^, prostaglandins in semen by CfiL
102 seminal plasma samples were collected using the second method

described below, and all four seminal prostaglandins measured by RIA.

lOOpl of the methyloximated solution was derivatised for GC analysis as

described previously (see Chapter 2), and the total PGE and 19-OH PGE

measurements compared for both assay systems.

3.4.1 Antiseia ckaiactezLstici

Tables 3.2a and 3.2b show the antisera characteristics for the four

prostaglandin antibodies. In each case, an antiserum dilution was chosen

which gave an initial binding of 30-40%. The dilutions selected were used

for all subsequent radioimmunoassays. In all four assays, the amount of



ANTISFRA DILUTION LABEL
% BINDING

(Mean±SD)

50% DISPLACEMENT

(Mean^SD) pg

PGE 1:40,000 3H 34.6±2.8 36.5±5.4

pgf2 1:100,000 3h 35.74 3.2 29.144.9

19-OH PGE 1:40,000 j125 30.847.5 14.945.0

19-OH PGF 1:100,000 j 125 36.4-13.0 35.948.3

TABLE 3.2a Characteristics of antisera raised against the major

and seminal prostaglandins. Means and Standard Deviations

TABLE 3.2b were calculated from at least 10 standard curves.

ANTISERA

INTER-ASSAY

VARIATION

(MEAN %)

IN I'RA-ASSAY

VARIATION

(MEAN %)

PGE 13.3 6.4

PGF2a 12.1 4.9

19-OH PGE 11.1 5.4

19-OH PGF 12.9 3.2
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unlabeled prostaglandin needed to produce 50% displacement of label was

below 40pg. Thus, all antisera are capable of detecting prostaglandin

concentrations down to pg levels/tube. 19-OH PGE is the most sensitive of

the prostaglandin assays, needing only about 15pg of competing prostaglandin

to produce 50% displacement. The percentage variation calculations show

that all four assays will give consistent results for the same sample not

only within each assay, but from assay to assay.

3.4.2 dzoss reactivities

Although the PGE antiserum was raised using the methyloxime of

PGE2 , the antibody obtained cross reacts to a certain extent with all

PGE's tested, including PGEj (56% cross reactivity). For this reason, this

antiserum is usually regarded as a PGE antiserum and not one specific for

PGE2.

The cross reactivity to 19-OH PGE of about 10% poses the most

significant problem for the PGE antiserum. Generally, the seminal plasma

concentration of 19-OH PGE is four times greater them the combined

concentration of PGEj and PGE2, and so even a 10% cross reactivity would

result in an overestimation of the PGE concentrations.

PGE's, especially PGEj and PGE2 , are the major cross reacting

substances for the 19-OH PGE antisera. These cross reactivities are in

reality small, however, when the relative concentration differences between

19-OH PGE and total PGEj + PGE2 are taken into account.

Figures 3.1 and 3.2 show the correlations between the RIA and GC

measurements for both 19-OH PGE and PGE. Both correlations are

reasonably good, with a coefficient of 0.92 for the 19-OH PGE measurements,

and a coefficient of 0.75 for the PGE measurements. The 19-OH PGE

correlation suggests that both RIA and GC measurements for the

prostaglandins are almost identical, with the RIA giving slightly higher



EM, = 15 keto PGE

EM2 = 13,14 dihydro 15 keto PGE

6M, = 15 keto 6 oxo PGF2a

6M2 = 13,14 dihydro, 6,15 dioxo PGF2°c

FM, = 15 keto PGF2«

FM2 = 13,14 dihydro 15 keto PGF2<*
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PROSTAGLANDIN ANTISERA

Prostaglandins
Tested

PGE pgf2^ 19-OH PGE 19-OH PGF

XX~reactlon %X -reaction %X-reaction %X-reaction

e1 S6 0.06 53 0.02

E2 ioo 0.2 45 O.Ol

em, O.OS <0.01 29 <0.01

em2 0.02 <0.01 2 O.Ol

20-OH E2 4.1 <0.01 24 0.03

20-Methyl Ej 33.0 0.03 59 <0.01

8-Iso Ej 3.6 0.06 40 <0.01

e3 30.0 0.05 28 <0.01

6M, <0.01 0.01 IO <0.01

6M2 0.29 <0.01 19 <0.01

6oxoE, 0.03 0.01 O.l <0.01

6oxoF,a 0.02 0.2S 2.S <0.01

At O.OS 0.03 1.5 <0.01

B2 0.2S 0.14 l.O <0.01

Fjc* 0.02 0.7 0.03 0.14

f2a 0.02 100' <0.01 0.02

F2e 0.02 3.S <0.01 <0.01

f3« O.IO 0.89 0.1 0.02

FM, O.Ol 0.02 <0.01 <0.01

fm2 0.02 0.02 <0.01 <0.01

C>2 <0.01 0.02 0.02 <0.01

TxB2 0.02 0.02 0.06 <0.01

13,14 DihydroF2a 0.20 l.O 0.03 0.02

60 xo 13,14 DihydroF*?0 0.07 0.02 0.02 <0.01

19-OH F O.OS 2.5 0.28 100

19-OH E 10.S <0.01 IOO 42

Table 3.3 Percentage cross reactions for the four

against a wide range of prostaglandins.

antisera



3.1 Regression analysis, log 19-OH PGE values measured by

chromatography (GC) against log 19-OH PGE values measured

using radioimmunoassay (RIA).

^T-iquze 3.2 Regression analysis, log PGE values measured by gas

chromatography (GC) against log PGE values measured using

radioimmunoassay (RIA).



55

Figure 3.1

y = - 1.3271 + 0.9606X R = 0.92

Log 19-OH E (jxg / ml) RIA Measurements

Figurg 32

1.5 2.5

Log PGE (jig / ml) RIA Measurements



56

values.

The PGE correlation gives a less clear picture. All PGE RJA

measurements were corrected for 19-OH PGE cross reactivity by subtraction

of 10% of the 19-OH PGE concentration as measured by RIA. Because of

the good correlation for 19-OH PGE values using both RIA and GC,

subtracting the cross reactivity was seen to be a reasonable step. The RIA

still, however, has a tendency to overestimate PGE concentrations, and it

seems likely that this may be due to non specific interference in the RIA

by some factor within the seminal plasma (possibly lipids).

Notably, neither PGE antisera cross reacts significantly with either

of the dehydrated prostaglandins, PGA or PGB. This suggests that oximation

of the immunogenic prostaglandin hapten has prevented degradation of this

complex, and therefore prevented the production of antibodies to the

dehydrated prostaglandins.

The antiserum raised against PGP^a does not cross react significantly

with any of the prostaglandins tested.

The only major cross reacting substance for the 19-OH PGF antiserum

is 19-OH PGE, at 42%. Due to the similar polarities of both 19-OH PGE,

and 19-OH PGF, and considering the fact that on average there is

approximately a 17 times greater concentration of 19-OH PGE in comparison

to 19-OH PGF, it is possible that the 19-OH PGF purified from human

seminal plasma was contaminated with 19-OH PGE or 19-OH PGA. The

animals could therefore have been immunized with a 19-OH PGF/19-OH

PGE and/or 19-OH PGA mixture, leading to the production of antibodies

against all of these prostaglandins. This poses a problem for the

measurement of 19-OH PGF in the presence of 19-OH PGE as is the case

for the 42 samples collected using direct oximation (Method 1).

Unfortunately, stabilisation of the (5 ketol ring works against us here, as

the E prostaglandins cannot be degraded to the A and B forms, which do
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not cross react. Consequently, for these samples, TLC separation of the

19-OH PGF was carried out.

3.4.3 TC.C /Heasutements
The mean percentage extractions at each stage for the TLC separation

of 19-OH PGF from the methyloximated seminal plasma samples is given

in Table 3.4. Individual extraction percentages for each sample were taken

into account when calculating final 19-OH PGF concentrations. The mean

19-OH PGF concentration of seminal plasma measured by RIA following

TLC separation was 18.3 - 11.4^g/ml (mean ± SD) with a range of 0.5-62^tg/ml.

The mean corresponds well with other published values for 19-OH PGF

concentrations using different assay methods (see Table 3.1), and the range

is similar to that quoted by Templeton et al. (1978).

% ± SD n

x% extracted from 50^1 aliquot = 99.0 ± 0.5 42

x% spotted onto TLC plate = 20.5 o+i 42

x% extracted from TLC band = 80.4 ± 9.5 52

% uptake into buffer = 98.3 ± 0.7 42

TABLE 3.4 TLC Extraction Percentages - Label Recoveries.

3.4.4 Z^-fects ofc sodium kyi>zoxibe
Standard curves showing the effects of IN NaOH on 19-OH PGE

purified from seminal plasma assayed using both 19-OH PGE and 19-OH

PGF antisera can be seen in Figures 3.3 and 3.4.

Measurement of the untreated dilutions of stock 19-OH PGE purified

from human seminal plasma using the 19-OH PGE antisera shows that 50%

displacement of bound counts occurs at l:3.1xl07. As 10[il of this dilution

contains 3.6pg of 19-OH PGE, the initial concentration of the 19-OH PGE



^Iquze 3.3 Measurement of 19-OH PGE in untreated and NaOH treated

dilutions of a 19-OH PGE extract from human seminal plasma.

^Lejute 3.4 Measurement of 19-OH PGF in untreated and NaOH treated

dilutions of a 19-OH PGF extract from human seminal plasma.

NB The values alongside each graph are the concentrations
of prostaglandin which produce 50% displacement of
bound counts from the respective 19-OH PGE or 19-OH
PGF antisera. See text for a full description.



Figure 3.3

Log Dilution

Figure 3.4

Log Dilution
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extract can be calculated at 11.2mg/ml. This corresponds with the

approximated concentration of the original stock solution. Using the same

19-OH PGE dilutions, but assaying with 19-OH PGF antisera, 50%

displacement occurs at a dilution of l:3.6xl06. At this dilution, from the

19-OH PGE concentration calculated previously, there should be 31.1pg/10nl,

however the 19-OH PGF antisera only reads this as 14.5pg. These figures

suggest a cross reactivity of 19-OH PGE to the 19-OH PGF antiserum of

46.6%, a value which compares favourably with that obtained previously.

Following treatment overnight with IN NaOH, all of the 19-OH PGE

is converted to 19-OH PGB (indicated by the displacement of the 19-OH

PGE standard curve to the left in Figure 3.3). For the NaOH-treated 19-OH

PGE dilution curve, assayed using the 19-OH PGF antisera, 50% displacement

occurs at a dilution of 2.1x10s (see Figure 3.4). At this dilution, a

concentration of 14.5pg/10 ^1 is measured, suggesting that the 19-OH PGE

extract is contaminated with 304.5ng/ml of 19-OH PGF. Measurement of

the same NaOH treated dilutions using the 19-OH PGE antisera shows

that 50% displacement occurs at a dilution of 1.8xlO3 (3.6pg/10 ^1). At this

dilution, the previous calculations suggest that a concentration of 19-OH

PGF of 1.69ng/10ul would be expected. From the concentration differences,

a cross reactivity of 0.21% can be calculated (cf 0.28 calculated previously).

These results confirm the cross reactivities of both 19-OH PG antisera to

19-OH PGE and 19-OH PGF, and suggest that treatment of seminal plasma

with IN NaOH overnight will degrade most of the 19-OH PGE, and thus

allow RIA of 19-OH PGF.

3.4.5 "prostaglandin concentrations in samples collected into both MOX

and ethanol

RIA for 19-OH PGF of the 154 samples collected into ethanol, and

subsequently treated with NaOH, gave a mean concentration of 25.5[ig/ml,



60

a standard deviation of 17.5, and a range of 2.2-80.5tig/ml. This value is

slightly higher than the value obtained following TLC separation of the

seminal prostaglandins, and also the values quoted in the literature (see

Table 3.1). It must be remembered, however, that this mean was calculated

from a large sample size (n=154), and that previously the largest sample

size in which 19-OH PGF had been measured was 32 (Bendvold et aJ. 1987).

All prostaglandin data were combined in order to obtain an overall

mean for all 196 samples assayed. The combined data can be seen in Table

3.5. Mean values for 19-OH PGE, 19-OH PGF and PGF^a compare favourably

with values obtained in other laboratories (see Table 3.1). The mean

concentration of PGE (102{ig/ml) is, however, higher than most other values

quoted, even after the values had been adjusted to take into account the

10% cross reactivity to 19-OH PGE.

Prostaglandin

(or Ratio)

Mean

(tig/ml)

S.D.

(pg/ml)

Median

(Hg/ml)

Range

((ig/ml)

NORMALITY

TEST

PROBABILITIES

19-OH PGE 256.7 163.9 217.1 16.8-1031.3 p 0.03

PGE 102.2 76.6 88.3 0.5-473.3 p 0.05

19-OH PGF 23.4 17.1 18.6 0.5-80.5 p 0.02

pgf2<* 5.2 5.7 3.4 0.1-38.9 p 0.01

Total PGE 359.0 191.0 325.0 29.0-1121.8 p 0.05

Total PGF 28.6 19.2 23.5 0.7-99.7 p 0.03

19-OHE/19-OHF 19.5 32.0 11.1 0.5-335.5 p 0.01

PGE/PGF 55.8 105.0 22.5 0.1-644.0 p 0.01

Total E/Total F 20.4 27.9 13.0 1.5-232.2 p 0.01

TABLE 3.5 Mean Prostaglandin Data (n=196)

Additionally, the ranges for all the prostaglandins measured, especially

PGE and PGFoa , are greater than any values quoted in the literature. Since
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the first paper to quote values for all 4 seminal prostaglandins in 1978

(Templeton et a./.), only three other groups have measured these

prostaglandin concentrations (Tussel and Gelpi, 1980; Gerozissis et aJ.

1981,1982; Svanborg et al., 1982, 1983; and the same group Bendvold et aJ.,

1985b, 1987). The highest sample number for all of these studies was 31,

and the men categorised as being of proven fertility. In this study, the

sample number was much larger (n = 196), and contained samples from

both fertile and infertile individuals, factors which could explain differences

in both the mean values and the extent of the ranges.

Figures 3.5 to 3.8 show the distribution of all of the seminal

prostaglandins measured. The distribution of all prostaglandin levels in

human seminal plasma are highly skewed, a point which had been noticed

in em early study of seminal prostaglandins (Hawkins, 1968), and confirmed

in more recent studies (Templeton et al., 1978; Cosentino et al., 1984). With

this in mind, comparison of prostaglandin levels between groups using

normal parametric tests are invalid, and logs were taken before any analysis

was carried out.

3.5 Conclusions
The results suggest that the methyloximation technique developed by

Kelly et al. (1986) has allowed the reusing of antisera against the major

seminal prostaglandins of both the E and F series. These antisera are

sensitive, detecting levels of prostaglandin down to pg levels per tube, but

a certain amount of cross reactivity can be seen with all antisera.

One reason for this is that the majority of prostaglandin antisera

recognise differences in the ring structure and the 3 side chain, but do not

distinguish differences in the a side chain as effectively. So, the PGE

antisera will identify the difference in the ring structure between PGE2 and

PGF^a, recognising the latter only slightly, but will still cross react markedly



*~J-uiute 3.5 Frequency distribution: 19-OH PGE (n = 196).

3.6 Frequency distribution: PGE (n = 196).
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with PGEj (see Table 3.3). Additionally, the slight impurity of a prostaglandin

extract from human semen may also contribute to some cross reactivity

(as is perhaps the case with 19-OH PGF antisera). The fact that the animals

were immunized with methyloxime derivatives to stop dehydration of the E

prostaglandins has, however, prevented any major cross reactions against

PGA or PGB, a problem seen with earlier PGE antisera.

The comparison of the RIA values for 19-OH PGE using GC

measurements provides a good validation for the radioimmunoassay. The

correlation coefficient for the comparison of the values was 0.92, suggesting

that the two techniques provided almost identical measurements. The RIA

had a slight tendency to overestimate 19-OH PGE concentrations. This was

probably due to the cross reactivity of the antiserum to PGE, but this was

not corrected for. Apart from providing a good assay validation, the

correlation allows enough confidence in the results obtained from the

19-OH PGE RIA to subtract 10% of the values measured from the PGE RIA

measurements. Without this correction, the mean PGE concentration for

the 196 samples measured is 136^g/ml. This is reduced to 102tig/ml after

subtracting the 10% cross reactivity to 19-OH PGE, although this value is

still higher them the majority of PGE values quoted in the literature. It is

possible that a certain degree of non-specific interference occurs, perhaps

caused by the large amounts of lipid known to be present in human seminal

fluid (Touchstone et aJ., 1984). Kelly et al. (1986) suggest that formation of

the oximes of the prostaglandins might allow the amount of non-specific

interference to be determined, since antisera raised against the methyloxime

form do not recognise the oxime form. Although this would mean an extra

assay, it would be easier to determine any interference this way than to

carry out complicated chromatography steps prior to RIA.

Simultaneous collection of an aliquot of seminal plasma into ethanol

as well as methyloximating solution allows RIA of all 4 major seminal
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prostaglandins. Treatment of the ethanol solution with sodium hydroxide

dehydrates 19-OH PGE, the major cross reacting substance using the 19-OH

PGF antiserum, to prostaglandins of the A and B series which do not

cross react.

The mean results for all four prostaglandins compare quite favourably

on the whole with measurements from other groups. As suggested

previously, PGE values are high, but not as high as the overall values

quoted by Perry and Desiderio (1977) using GCMS. The ranges for the

prostaglandins are also larger than cited by other groups. It is possible

that this is due in part to the large sample size, and also the fact that

the sample population contained both fertile and infertile men. The

correlation between seminal prostaglandin levels and infertility will be

discussed in a later chapter.

This chapter has shown that knowledge of the characteristics of

seminal prostaglandins is important in the production of relatively specific

antisera. Stabilization of the PGE's while reusing the antisera has elimated

the problem of immunogen degradation within the animal, and has also

allowed immediate methyloximation of samples, therefore preventing the

dehydration of the major seminal prostaglandin components with time

which is known to occur.

Even bearing in mind the disadvantage that RIA may be affected by a

degree of non-specific interference, this analytical method has the ability

to deal with a large sample capacity. At the moment, no other technique

used for prostaglandin measurement has this advantage, which makes RIA

the ideal routine assay.

3.6 fyttmmzy
1. Antisera have been raised against the methyloximes of the major E

prostaglandins: 19-OH PGE and PGE, as well as 19-OH PGF and PGF^a.
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2. Cross reactivity of the PGE antisera to 19-OH PGE provides a problem,

but one which is solved by subtracting 10% of the 19-OH PGE values

from the overall PGE values. When this is done, comparison of the

amended PGE levels with GC measurements of the same samples gives

a correlation of 0.75.

3. All assays are sensitive measuring down to pg levels/tube.

4. Mean results for the 196 samples measured compared favourably with

previous determinations although the PGE values were slightly higher

than those determined elsewhere. Additionally, the ranges for each

prostaglandin measured was slightly larger than those cited in the

literature.

5. This RIA technique provides a rapid and sensitive method for the

measurement of seminal prostaglandins.



Chaptei 4

PROSTAGLANDINS AND SPERMATOZOA
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PROSTAGLANDINS AND SPERMATOZOA

4.1 fynezal Dntiohcticn
The qualitative and quantitative nature of seminal prostaglandins is

now well understood, although evidence for the presence of new

prostaglandins is still being obtained (Oliw et a!., 1986a). Despite this, the

physiological significance of the prostaglandins remains obscure. In 1959,

Eliasson suggested that the three most probable explanations for the

presence of the seminal prostaglandins were:-

1. To act as chemical stimulators of the male reproductive tract, inducing

emptying of the accessory glands.

2. To regulate directly the motility of spermatozoa.

3. To facilitate the passive migration of spermatozoa by influencing the

female reproductive tract.

The main aim of this chapter is to examine the direct interactions of

seminal prostaglandins on spermatozoa with special regard to prostaglandin

binding. Before doing this, however, it is important that the relative

importance of the prostaglandin actions on both the male and the female

reproductive tracts be discussed.

4.2 Hq On^luence o{ ]kcsta^Mins on the Jl/lale Repzcductioe
Considering the potent action prostaglandins are known to have on

smooth muscle, and bearing in mind the fact that the seminal vesicles, vas

deferens, and epididymis contain this muscle type, a role for prostaglandins

in the regulation of the ejaculatory process has been suggested (Von Euler,

1936; Eliasson, 1959). The seminal vesicles are not, however, the sole

producers of prostaglandins within the male reproductive tract, a fact

which must be constantly borne in mind when considering potential

prostaglandin effects. Prostaglandins, particularly PGF2a, have been found
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in the testis of rats (Carpenter, Manning and Wiseman, 1971), mice (Bartke

and Koerner, 1974), swine (Michael, 1973), rams (Poulos et al., 1973a, 1975),

the epididymis of the rabbit (Sorgren and Glass, 1972), the bull (Voglemayr,

1973), and human (Conte et al., 1979a). In all cases, however, the concentrations

present are several orders of magnitude lower than those seen in the

seminal vesicles and ejaculates of sheep and primates, although even at

these low concentrations, prostaglandins still have the ability to influence

the male reproductive tract.

The presence of testicular prostaglandins has prompted many workers

to look for an influence of these substances on spermatogenesis. PGE and

PGF2oc injected either subcutaneously or directly into the testis of several

species have been shown to inhibit spermatogenesis (Ericsson, 1973; Memon,

1973; Tso and Lacy, 1975; Abbatiello et aJ., 1975; Tso, 1976), while rats treated

with a testicular implant containing 15 methyl PGF2oc were shown to be of

subnormal fertility up to 42 days after implantation (Kimball et aJ., 1978).

Conversely, administration of aspirin or indomethacin enhanced

spermatogenesis.

Work by Hunt and Nicholson (1972), showed that injection of male

rabbits with PGEj and PGF2ot accelerated sperm production. It was suggested

that the transit time of the sperm from testis to ejaculate was decreased

following prostaglandin administration. In a similar study, PGF2a treatment

of both rabbits and bulls was seen to increase sperm numbers in their

ejaculates (Hafs et aJ., 1974).

The time taken for sperm to pass along the epididymis is related to

maturation. One of the factors which renders this sperm movement possible

is the natural ability of the epididymis to contract spontaneously. Sperm

transit time can therefore be influenced by any factor which modulates

spontaneous contractility. Recently it has been shown that PGF2a could

stimulate the contraction frequency and amplitude of the rat proximal
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epididymis, while PGE could inhibit these parameters (Cosentino et aJ., 1984b).

Relating this to the human, Gottlieb et aJ. (1986) treated eighteen healthy

men orally with lmg of PGE2. Following treatment, sperm density and

ejaculate volume were seen to decrease, while seminal PGE and 19-OH PGE

concentrations increased. These effects were again thought to have been

brought about via a relaxation of the smooth muscles of the epididymis.

It seems then that epididymal function can be influenced by

prostaglandins. PGE inhibits the spontaneous smooth muscle contractions,

resulting in a reduced sperm density of the ejaculate, while PGF2oc may be

detrimental to maturation by increasing contractility and thereby releasing

non fertile sperm into the ejaculate.

These effects must be considered alongside the definite relationships

which exist between prostaglandins and the sympathetic nervous system.

Hedquist and von Euler (1972) showed that the contractile response of the

guinea-pig vas deferens to nervous stimulation was inhibited by low doses

(below 0.2[ig/ml) of PGEj and potentiated by high doses. In another series

of experiments, Stahl (1972) proposed a mechanism for ejaculation based on

his observations of the effects of prostaglandins on the hamster seminal

vesicle and vas deferens. He showed that the response of the seminal vesicle

to adrenaline could be inhibited by PGEj at levels less than lng/ml, and

stimulated at levels above 100 ng/ml. Both low and high concentrations of

PGE2 on the other hand increased the response of the seminal vesicle to

added adrenaline. PGEj had little effect on the adrenaline stimulated response

of the vas deferens, while PGE2 enhanced and prolonged the stimulated

contractility at all levels tested up to 2ng/ml. Stahl speculated that in the

early phases of ejaculation, ng amounts of PGE2 stimulated expulsion of

the sperm from the vas deferens, while low levels of PGEj suppressed the

contraction of the seminal vesicles. As concentrations of prostaglandins

increased, PGEj and PGE2 could further assist the propulsion of the sperm
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by the vas, stimulate the expulsion of the seminal vesicle contents, clear

the reproductive tract of sperm, and thus bring about sperm mixing in a

buffered medium in which the sperm can be deposited.

As far as the human is concerned, PGEj at a concentration of 1.3(xg/ml,

has been shown to inhibit adrenaline stimulated contractions of the seminal

vesicles (Ito et al., 1972). This concentration is somewhere in the region of

fifty times lower them the level of PGE that would be expected at the point

of secretion on ejaculation, and consequently the physiological significance

of this observation remains doubtful. With respect to the effects of

prostaglandins on the testis, epididymis and vas deferens it would seem

unlikely that the seminal prostaglandins cam influence these directly although

effects of testicular and epididymally produced prostaglandins cannot be

ruled out. Gerozissis et aJ. (1982) detected prostaglandin concentrations in

the semen of men with agenesia of the vas deferens and seminal vesicles

which were 100-100,000 fold lower than in the semen of normal men. This

result was confirmed by Bendvold et al. (1985a), when they suggested that

prostaglandin concentrations remained normal following vasectomy, indicating

that the testis and epididymis are not of significant importance as production

sites for seminal prostaglandins. Low concentrations of PGE and PGF have,

however, been demonstrated in both the human prostate gland and testis

(Carpenter et al., 1978; Conte et al., 1979a) and the ability of prostaglandins

from these sites to influence spermatogenesis and the ejaculatory process

possibly via mechanisms similar to those outlined for other species cannot

be dismissed.

4.3 iftects o{ jkcstaqlandins on the Jemle Jiepzohctioe %lad

4.3.1 speim tzanspezt

The human ejaculate coagulates upon mixing with the contents of the
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vagina, spontaneously liquefying about twenty minutes later. Motile sperm

have been found in cervical mucus within 90 seconds of ejaculation (Sobrero

and Macleod, 1962), however, and it has been suggested that the first fraction

of the ejaculate, which contains the majority of the sperm cells, may be

passively transported into the mucus and out of the damaging vaginal

environment before coagulation is complete. This distinction between a

passive movement of spermatozoa through the reproductive tract of the

female, facilitated by uterine contractions, and the intrinsic motility of the

sperm was first described by Hunter (1975).

Rapid sperm transport has been demonstrated in several mammalian

species, and experiments in which dead spermatozoa have been artificially

inseminated into cows (Vein Demark and Moeller, 1951), pigs (First et a/.,

1968), and rabbits (Overstreet and Tom, 1982), have shown the mechanism

of transport to be entirely passive. The experiments of Overstreet and

Tom (1982) have suggested that rapid sperm transport in the rabbit may be

initiated by spasmogenic compounds in the seminal plasma. When

non-motile sperm in seminal plasma were artificially inseminated, rapid

sperm transport was always seen, but was never seen when non-motile

sperm were artificially inseminated in saline. Obviously, as rabbit seminal

plasma contains little prostaglandin when compared with human seminal

plasma this argues against the possibility that prostaglandins are the

universal stimulus for the post insemination uterine contractility.

Administration of PGE's and PGF's had been shown to influence the female

genital tract of the rabbit, however, causing both increases and decreases

in sperm transport and fertilization when inseminated with a normal

ejaculate (Mandl, 1972; Chang et al., 1973; Spilman et aJ., 1973; Schlegel et

a]., 1983). This suggests that the mechanism by which PG's influence the

contractility of the uterus may still be present in the rabbit even though

other compound(s) have replaced the prostaglandins in their stimulatory
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capacity.

In the human, movement of inhert particles (De Boer, 1972) and

spermatozoa (Settlage et a/., 1973) which were suspended in seminal plasma

occurred throughout the entire length of the female tract within a few

minutes of insemination, suggesting that rapid transport does exist. The

experimental evidence which suggests that the seminal prostaglandins are

the stimulus for the increased uterine contractility must however be

examined with caution. Many of the early experiments were carried out

with prostaglandin preparations in which it is more than likely that a

substantial amount of the 19-OH E's and PGE's would have degraded to

their respective A and B forms. These preparations would be of both

uncertain, and highly variable composition, and the results obtained from

experiments using these preparations of doubtful physiological significance.

Additionally, it is not hard to imagine the difficulties in trying to

adequately examine the effects of prostaglandins on the human uterus in

vivo, experiments which are vitally important in light of the fact that

results obtained using the non-pregnant uterus in vivo are often the direct

opposite of those which are obtained in vitro.

q.3.2 Lftects of, seminal picstaqlandins on the cexoix and ^allopUw tubes

Responses to both physiological and pharmacological levels of

prostaglandins have been demonstrated on many areas of the human

female reproductive tract including the cervix, uterus and Fallopian tubes.

Low levels of PGE2 (up to 0.5ng/ml), for example, caused a decrease

in the spontaneous contractility of the isolated human cervix (Hillier and

Karim, 1970), although the significance of this observation with respect to

the rapid transport of spermatozoa described previously is unknown.

The effect of seminal prostaglandins, and especially PGE on the

Fallopian tube in vitro, may depend on the portion of the tube tested.
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Sandberg and co-workers have shown in a series of studies that FGE's

contract the first quarter of the fallopian tube, that is, the quarter

proximal to the uterus while relaxing the distal three quarters (Sandberg

et al., 1963, 1964). PGF's were shown to stimulate contraction of the entire

length of the tube. Coutinho and Maia (1971) found similar effects in that

as little as lOOng of PGF2a introduced into the lumen of the tube

produced an increase in motility which could be reversed using higher

doses of PGE.

4.3.3 Lftects pzostaqlnnbins on the pregnant human utezus

Effects of seminal prostaglandins on the pregnant human uterus have

been widely studied. In vitro tests have shown that both E and F

prostaglandins have the capability to stimulate contraction of human

uterine myometrial strips (Embrey and Morrison, 1968). In vivo, infusion of

PGE into pregnant women induced uterine contractions both in early

pregnancy and at term (Embrey, 1969). This method has been used to

induce abortion at 9-28 weeks of gestation (Embrey, 1970a) and labour

at term (Embrey, 1970b).

4.3.4 £.fteets prostaglandins on the non-pzeqnant human utezus

A large proportion of the work on the effects prostaglandins have on

the female tract has been carried out on the non-pregnant human uterus.

Here, Kurzrok and Lieb (1930) noted that semen applied by intracervical

injection frequently caused contraction of the uterus. In the 1950's it was

noted that uterine activity was initially increased during sexual stimulation,

being followed after orgasm by a temporary inhibition. This inhibition was

accompanied by a simultaneous increase in vaginal pressure (Bickers, 1951).

Karl son (1959) recorded the motility of the human uterus using three

separate pickups to measure any pressure changes occurring in the corpus.
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isthmus and cervix simultaneously. At the time of ovulation, seminal fluid

increased the activity of the corpus, but reduced that of the isthmus and

cervix, while at other times there was an increase in the activity of all

three areas.

The first experiments suggesting that prostaglandins may be the

active seminal plasma components were carried out by Eliasson and Posse

in 1960. They showed that the prostaglandin fraction from human seminal

plasma, when administered intravaginally, produced increased uterine

activity at the time of ovulation. Intravenous PGEj and PGF2a invariably

caused a stimulation of the uterus, regardless of the stage of the cycle

(Rothe-Brandel et aJ., 1970). More recently, very small quantities of

intrauterine PGE2 (0.25pg) stimulated the uterus early or late in the

menstrual cycle (Martin and Bygdeman, 1975). At the time of ovulation, the

sensitivity of the uterus was reduced, while at menstruation, the action of

the PGE's was reversed, 30-40pg causing inhibition of contractility.

As suggested earlier, in vitro experimental results give an entirely

different picture to those obtained in vivo. Possibly the first work was

done by Cockrill et a1. (1935), who showed that when semen was applied to

myometrial strips, a reduction in contractile activity was seen. As with the

in vivo results, the effectiveness of prostaglandin administration changed

with the menstrual cycle. Prostaglandin fractions obtained from human

semen relaxed the human myometrium in vitro, the highest sensitivity

being observed at ovulation (Bygdeman and Eliasson, 1963).

As far as specific effects of prostaglandins are concerned, PGEj,

PGE2 and PGE3 were shown to relax human uterine strips (Sandberg et a/.,

1963, 1964). This work was confirmed by Bygdeman who showed that PGE's

inhibit the non-pregnant uterus, and, in addition, provided evidence that

PGFs had an opposite, stimulatory effect (Bygdeman, 1964). The 19-OH E's

have proved to be slightly less effective than PGE's in inhibiting
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spontaneous contractions of the non-pregnant human uterus in vitro. The

inhibitory effect of 19-OH PGE! was only one quarter of the potency of

PGEj at the same concentration (Russell et al., 1979). This result is

significant however, as it is one of the few that provides some explanation

as to the possible physiological significance of the 19-OH prostaglandin

E's.

4.3.5 lAptake pzastaglanbLns by the female zepzcbuctioe tzact

In the previous sections, the effects of seminal prostaglandins in vivo

on both the pregnant and non-pregnant human uterus were discussed. The

human is an intravaginal inseminator, however, and the problem arises as

to how these substances pass through the cervix to reach both uterus and

Fallopian tubes. That they do reach these sites has been shown, as

intravaginal administration of the prostaglandin fraction from seminal

plasma could be seen to increase the activity of the non-pregnant uterus

(Eliasson and Posse, 1960).

Obviously, the cervical mucus provides a barrier preventing direct

transport of the seminal plasma along with the sperm immediately

following insemination. It seems likely that the unique properties of the

mucus will permit the forced penetration of small microparticles such as

sperm, but prevent the bulk passage of fluids such as radiopaque media

(Masters and Johnson, 1966), or seminal plasma (Katz and Overstreet, 1982).

In connection with this, Horton (1965) has suggested that the concentration

of PGE reaching the uterus from the vagina, following absorption by the

systemic circulation is too low to account for their effects on the female

reproductive tract. Additionally, Sandberg et aJ. (1968) found that there

was no significant uptake of 13H] PGEj which had been mixed with seminal

plasma by the cervix. Prostaglandins obviously do reach the uterus and

possibly the fallopian tubes, although we must conclude that the exact



77

method of uptake from the intravaginal source is still to be resolved.

4.3.6 <rZke biological signifceance of, tapid speim tianspozt

From the discussion so far of the effects of prostaglandins on the

reproductive tract of the female we have seen that there is little

unequivocal information. Prostaglandins do influence the contractility of all

parts of the tract, but the fact that in vivo results are often directly

contradicted by those carried out in vitro must be explained before further

progress can be made. Also, it seems likely that in many cases

pharmocological doses of prostaglandin have been used directly on the

uterus, as the vaginal site of insemination precludes direct uptake to the

uterus, and as yet, the exact route has not been discovered. If we assume

that the stimulatory and inhibitory effects of seminal prostaglandins on

the human female tract are real, then the method by which sperm are

passively transported can be explained. It has been suggested that with

the stimulation and inhibition of the various parts of the female tract a

pressure gradient is set up between the vagina and the uterus which would

facilitate the rapid transport of sperm. What must now be considered is

the relevance of this process to fertilization.

In 1978, Overstreet and Cooper showed that 98% of sperm recovered

from the rabbit oviduct were immotile, had visible disruptions of the

acrosome, and in some cases had separated into heads and tails. Obviously,

this destruction of the rapidly transported sperm would seem to rule out

their direct participation in fertilization. Additionally, several hours of

capacitation in the reproductive tract of the female are necessary for the

acquisition of sperm fertilizing capacity (Bedford, 1970; Barros, 1974; Moore

and Bedford, 1983), a factor which would also seem to indicate that

participation of rapidly transported sperm in fertilization is unlikely. It has

even been suggested that the rapidly transported sperm may act as
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messengers to the female reproductive tract (Overstreet and Katz, 1977).

These authors hypothesised that the rapid transport of sperm acted as a

signal to the female reproductive tract of a shift of emphasis from merely

defending this opening against invading microorganisms, to the active

transport of gametes. This is em appealing hypothesis, and one which

might explain what is ultimately the transport in most mammalian species

of inneffectial sperm. Unfortunately, no references exist showing that a

change in the physiological status of the female reproductive tract elicited

by sperm which may aid the transport of preceding sperm.

One way in which the rapidly transported spermatozoa might act as a

signal is in the induction of leucocytosis (Pandya and Cohen, 1985). The

physiological function of this may be the removal of dead sperm and/or

bacteria which are introduced by the penis. It is unlikely, however, that

the induced macrophages phagocytose sperm which are capable of

fertilizing, and therefore act as a means of sperm selection as, at least in

the human, the seminal plasma contains factors (possibly prostaglandins -

see Chapter 9) which are capable of suppressing macrophage function

(James et al., 1983).

In conclusion, rapid sperm transport exists in the majority of

mammalian species and may be stimulated by different substances

throughout these species. In the human, prostaglandins might be the

stimulus for this event. The physiological significance of the small

percentage of sperm which are transported through the whole of the

female reproductive tract is clearly unknown as yet, but further

investigations might provide additional clues. Obviously, not all sperm are

involved in the initial rapid migration, and the bulk remain either in the

vagina, or as in the human, interact with the cervical mucus. It is

interesting to note that in general, species like the ruminants and primates

which contain seminal prostaglandins also contain appreciable quantities of
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cervical mucus. It could be then, that prostaglandins, perhaps in

conjunction with other seminal components ensure that the sperm enter

the cervical mucus via greatly stimulated uterine contractions.

4.3.7 and cezvicaL mucus

In the human, sperm live for no more than a few hours in the

vaginal environment (Masters and Johnson, 1966), while motile sperm cells

may exist in the human cervical mucus for a number of days after

insemination (Hanson et aJ., 1982). Consequently, a mechanism which

transports the sperm cells from the harsh environment of the vagina and

into the relatively more comfortable surroundings of the cervical mucus

would be advantageous. It seems possible that the initial uterine

contractions brought about, or aided by the presence of seminal

prostaglandins might accomplish this. While a few sperm are destroyed in

the initial passive movement throughout the whole of the reproductive

tract (for which at the moment we have no adequate explanation), the

bulk of the spermatozoa would be retained in the cervical mucus.

The cervix is usually regarded as the primary barrier to sperm

transport in the human (Schats et al., 1984), regulating sperm transport to

the site of fertilization, and possibly acting as a biological filter by

weeding out abnormal sperm (Hanson and Overstreet, 1981). Migration of

sperm towards the site of fertilization in general is characteristed by a

decreased number of cells reaching each level of the tract. Consequently,

only a few hundred sperm cells out of the millions ejaculated have the

opportunity to fertilize ova (Blandau, 1969). Sperm reaching the site of

fertilization are unlikely to be a random sample of the ejaculate, but

rather a population of sperm cells selected by the female tract on the

basis of, presumably, favourable characteristics (Cohen and Tyler, 1980). As

suggested earlier, the cervix may act as a filter, exerting a simple selective
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pressure whereby the mucus restricts sperm with abnormal characteristics

allowing through only those which have good, straight motility and are

devoid of gross malformations. Indeed, there is good evidence to suggest

that a greater proportion of viable sperm cells are more likely to be

recovered from the uterus than might be seen in the initial ejaculate.

Sperm recovered from cervical mucus or the uterus have been shown to

display a distinctly lower proportion of abnormal forms than the initial

ejaculate (Thibault, 1973; Ahlgren, 1975; Hanson and Overstreet, 1981), and

also to show a higher motility them in the original specimen (Sobrero and

Macleod, 1962; Moghissi, 1973).

The mucus itself also changes throughout the menstrual cycle,

however. During the preovulatory and luteal phases of the cycle, the

mucus structure is such that it is virtually impenetrable to sperm

(Odeblad, 1968). During these periods, the water content of the mucus is

low, and the long chain, high molecular weight glycoprotein molecules

which make up the mucus are randomly orientated, with little space

between them. It has been calculated that a sperm cell penetrating the

mucus at this time must expend almost one thousand times more energy

them at ovulation, when the water content of the mucus increases and the

spaces between the macromolecules enlarge (Vickery and Bennet, 1968).

Obviously, prostaglandin-stimulated sperm transport will only be

successful in removing the sperm from the damaging vaginal environment

if the cervical mucus is at the appropriate i.e. ovulatory stage of the

cycle.

In comparison to the human, the rabbit is capable of maintaining

spermatozoa at the vaginal site of insemination for up to twelve hours

(Overstreet et aJ., 1978). Additionally, the cervix of the rabbit contains

little cervical mucus (Blandau, 1977), and the seminal plasma contains little

prostaglandin (Poyser, 1974). Rapid transport of spermatozoa during the
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first few minutes after insemination undoubtedly exists in this species, but

as has been discussed earlier, the physiological significance of this is

unclear. The majority of the sperm, however, remain within the vagina,

passing via the uterus to the oviducts in a sustained migration over the

next twelve hours.

If we are advocating the fact that prostaglandins ensure rapid sperm

movement into cervical mucus, then it is obvious why rabbit seminal

plasma contains little of these compounds. The site of insemination may

not be positively correlated with the presence of seminal prostaglandins

(Poyser, 1974), but it can be argued that prostaglandins might aid sperm

migration in intravaginally inseminating species where the reproductive

tract contains cervical mucus.

The detailed discussion outlined in the two preceding sections giving

an indication as to the probability that prostaglandins might influence

either the male or female reproductive tract, would apparently seem quite

simple in that the site of prostaglandin release from the seminal vesicles

is too far removed from either testis, epididymis, or vas deferens to

influence sperm transport at ejaculation to any great extent. As far as the

female reproductive tract is concerned, however, prostaglandins can

influence contractility in several species, including the human, although

much more work needs to be carried out in this field to bring together

both in vitro and in vivo studies. Additionally, if any physiological

significance is to be ascribed to the seminal prostaglandins, more attention

must be given to the exact advantages (or disadvantages) their effects

might bring. With this in mind, what we are left with from Eliasson's

original listing of the effects of prostaglandins is the effect on the sperm

themselves. In general, the emphasis of prostaglandin effects (as far as

the seminal prostaglandins are concerned) has swung from effects on the

female to effects on the sperm over the past few years and it is



82

predominantly this area which the rest of this thesis will be considering.

4.4 o{ Seminal "plasm on fppeim Junction

4.4.1 ^enezal ejects

The morphology, and number of spermatozoa in the ejaculate, are

indicators of the efficacy of spermatogenesis, and thus are difficult to

change once sperm are formed. Motility, however, can be manipulated even

after ejaculation by secretions of the male and female reproductive tract.

Obviously, any factor which is capable of significantly increasing motility

will enhance the sperm's chances of successfully passing through the

cervical mucus and fertilizing an ovum.

With respect to this, several groups have suggested that both the

concentration of progressively motile spermatozoa and their movement

characteristics are significant in determining whether cervical mucus would

be successfully penetrated (Aitken et aJ., 1983a; 1983b; Schats et a/., 1984;

Mortimer et ai., 1986). Even in in vitro penetration tests, sperm motility

was found to be the single most important parameter determining

fertilization rates (Mahadevan and Trounson, 1984; Van der Ven et aJ.,

1986). The capacity to fertilize zona free hamster eggs in particular was

found to depend upon the spermatozoa possessing a progressive velocity

of greater than 25pM/second, a straight swimming mode of progression,

and a small amplitude of lateral head displacement (<lOpm) (Aitken et aJ.,

1982, 1983a; 1983b). It is not surprising, then, that sperm of low motility

ratings have been considered as a very important cause of male infertility

(Bostofte et aJ., 1984; Glezerman, 1978). It should be noted, however, that

although sperm motility is essential for fertilization to take place, motility

and the fertilizing capacity of the sperm need not be interlinked. Indeed, it

has been shown that improved sperm motility is not necessarily associated
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the motility does not override any intrinsic fault in the sperm's ability to

become capacitated, or undergo the acrosome reaction.

An extreme case of the differentiation in physiological function

between motility and sperm fertilizing capacity is seen in the hereditary

condition of Kartagener's syndrome (Aitken et al., 1983d). This condition is

characterized by total sperm immobility brought about by the absence of

dynein arms on the outer microtubules of the axonemal complex. Such a

defect means that the energy of ATP cannot be converted into the

flagellar bending to provide the spermatozoa's forward propulsion. With the

exception of the gross motility defect, spermatozoa from patients with

this syndrome seem to be physiologically normal, possessing the ability to

undergo both capacitation and the acrosome reaction. This shows that

while motility may facilitate the fusion of male and female gametes, it is

not essential.

Seminal plasma can influence sperm in many ways, for example by

providing a medium for sperm transport, while buffering the acidic pH of

the human vagina within the first few seconds of ejaculation (Van der

Ven, 1983). As far as direct effects of seminal plasma on motility are

concerned, one of the first studies was carried out by Asplund (1947), who

attempted to correlate male fertility with the levels of what he defined as

contractile substances present in semen. His analysis of the semen of 155

men attending em infertility clinic revealed that there was no correlation

between these seminal contractile substances and the quality of the semen,

that is percentage motile sperm, degree of motility, survival, and the

morphological appearance of the spermatozoa. Later studies showed that

seminal plasma either had no effect on sperm motility, or that it would

adversely effect it (Freund, 1962; Lindholmer, 1973; Lindholmer and Eliasson,

1974). In 1974, Lindholmer suggested that seminal plasma contained one or
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more factors of vesicular origin that depressed sperm motility. More

recently, Gorus et aJ. (1982) showed that, for several samples, if seminal

plasma were removed from sperm, their motility was increased. Additionally,

experiments in which sperm are allowed to swim into synthetic media has

shown that radical changes in movement characteristics can be seen, when

compared to those normally observed in seminal plasma (Mortimer et aJ.,

1984). These sperm were shown to possess increased velocity as well as

increased lateral displacement of the head about the axis of progression.

It would appear then from this evidence that the major effect of seminal

plasma is to reduce sperm motility characteristics, and that when this

plasma is removed, sperm motility increases. Certainly this might explain

the increase in motility of sperm in cervical mucus when compared with

that in native seminal plasma. The situation does not seem to be as

simple as this, however, as more positive effects of seminal plasma on

spermatozoa have been demonstrated.

Human epididymal sperm are, in the main, quiescent in their native

fluids (Turner and Reich, 1985) or, where motility has been observed, it is

undirectional (Mooney et a/., 1972). Seminal plasma has the capacity to

initiate progressive motility in human epididymal spermatozoa (Lindholmer,

1974), converting any undirectional movements into the straightforward

progression usually seen in ejaculated semen (Mooney et a/., 1972).

Additionally, the seminal plasma of normal semen can improve the motility

of sperm with a low motility rating (Rozin, 1960).

As far as fertilization is concerned, further work by Rozin (1961)

showed that when subfertile spermatozoa were incubated in heterologous

seminal plasma from fertile individuals, this resulted in successful

artificial insemination. Rozin suggested that the increases in infertility seen

in these experiments were due to em increase in sperm motility. More

recently, however, Van der Yen et aJ. (1983) have shown that preincubation
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of sperm for short periods of time with heterologous seminal plasma

could enhance, decrease, or have no effect on the ability of the sperm to

undergo capacitation and penetrate denuded hamster oocytes. In

comparison to the results of Rozin, these workers suggested that the

effects of seminal plasma on fertility were not due to increases or

decreases in the motility or forward progression of the spermatozoa, but

caused by the presence or absence within the seminal plasma of high

molecular weight 'decapacitation' factors, which inhibit fertilization (Kanwar

et al., 1979; Van der Ven, 1982).

It was indicated in the introduction to this thesis that seminal

plasma is made up of many factors, several of which are capable of

influencing sperm directly. In this respect, seminal plasma has been shown

to be able to alter the sperm's ability to regulate intracellular calcium

levels (Byrd et aJ., 1983; Byrd and Wolf, 1983). More specifically, seminal

plasma zinc (Arver, 1982) and cAMP (Malachi et al., 1982) are capable of

modifying sperm movement. As far as the prostaglandins are concerned,

recent studies have shown that seminal PGE levels could also be used as

predictors of sperm motility (Cosentino et al., 1984a). It is evident, however,

that if we are proposing a role for the prostaglandins in the modulation

of sperm function, some means of cellular signal transduction such as a

receptor is required.

In general, cells utilize receptors as molecules which have the

capacity to act as a link between the external hormone and the cell.

Receptors are intrinsic membrane proteins and are generally responsive to

only a single stimulus. These proteins interact specifically with the

hormones and usually via some distinctive mechanism induce a distinctive

cellular response. The questions which must be asked, and hopefully

answered in this and following chapters are:

1. Do prostaglandin receptors exist?
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2. What intracellular mechanisms are triggered by prostaglandin receptor

interactions?

3. What physiological response occurs as a result of this receptor

occupancy?

4.4.2 "Binding prostaglandins to spezmatoaoa

Sperm are capable of binding many of the components of both the

male and female genital tract fluids. Indeed, the binding of testosterone,

dihydotestosterone, oestradiol, progesterone and triiodothyronine have been

demonstrated by direct radiolabel studies (see Hoskins and Casillas, 1975

for a review). Evidence has also been provided for spermatozoal receptors

to cAMP (Gray et aJ., 1971), calcium (Peterson and Freund, 1976), and

2-chloro adenosine (Ling et a/., 1986), and the influences of the binding of

all of these substances on both the motility and metabolism have been

discussed. Receptors for prostaglandins have been demonstrated in many

diverse tissues. Concerning reproductive physiology, specific prostaglandin

receptors have been identified in the uterus (Kimball et aI., 1975), and the

corpus luteum of many species (Behrman et aJ., 1979), and so it is

surprising that evidence for the presence of prostaglandin receptors on

spermatozoa is poor.

The evidence that prostaglandins bind to human sperm has been

gained by both indirect and direct means. The first indirect evidence was

suggested in 1961 when Hawkins and Labrum showed that a low sperm

density was often correlated with a higher seminal plasma prostaglandin

concentration. From these results they suggested that the higher

prostaglandin concentration might facilitate sperm motility, and hence

increase the possiblity of successful fertilization. These results have not

been substantiated to any great extent, however, by more recent

experimentation. In 1977, Perry and Desiderio compared the seminal
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prostaglandin levels in 10 fertile (sperm density > 20 million/ml), 10

oligozoospermic (sperm density < 20 million/ml), and 4 azoospermia (no

sperm) men. Their results were more or less directly opposed to the

earlier findings in that the oligozoospermic men, instead of having higher

prostaglandin levels (less sperm to bind the seminal prostaglandins), had

significantly lower levels thaa could be seen in the fertile samples.

Azoospermic men, however, had significantly greater prostaglandin levels

when compared to those levels found in the oligozoospermic samples.

In a more recent paper (Bendvold et al., 1985a), oligozoospermia

was shown to be associated with significantly higher prostaglandin

levels. In this paper, PGE's were shown to be two-fold higher and the

19-OH PGE's 0.2-fold higher than normal controls (samples with a

density of between 20-300 million sperm/ml). This result is, however,

the observation of only one individual, and although the authors suggest

that this type of observation has been noted on several occasions, until a

specific study has been outlined, little emphasis can be placed upon it.

The opposite correlation, namely high sperm densities being

associated with low levels of PGE and 19-OH PGE have been regularly

reported (Kelly et al., 1979; Srivastava et al., 1981; Svanborg et al., 1983;

Bendvold et al., 1984). Kelly et al. (1979) showed that in samples where

the density was greater than 300 million/ml, PGE concentrations were

three-fold lower, the 19-OH PGE concentrations being approximately half

the normal samples. Similarly, Svanborg et al. (1983) showed that if the

sperm concentration was greater than 250 million/ml, the PGE concentration

was lowered to one quarter, and the 19-OH PGE concentration was one

half lower them in the samples where density was below 250 million/ml.

Of course, a common unidentified factor could be responsible both for the

lowering of prostaglandin levels as well as raising the sperm count. One

such common factor could be the effects of infection which might be
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subclinical and certainly identification of such infections (possibly simply

by a serum macrophage count) would clearly provide an ideal situation.

The alternative explanation is that sperm bind prostaglandins, rendering

them unavailable for measurement. In samples with high (<300 million/ml)

sperm concentrations, seminal prostaglandin levels would be expected to

be low, whereas in samples with a low sperm density (<20 million/ml),

prostaglandin levels would be high.

Several methods have been used to show binding of prostaglandins to

sperm directly. In 1975, Cooper and Kelly analysed centrifuged sperm for

prostaglandins using gas chromatography as the analytical technique.

Results from these experiments showed that negligible quantities of

prostaglandin were bound to sperm. Alternatively, ferritin coated antibodies

have been used to detect specific prostaglandin binding in both rabbit and

human sperm (Bartozewicz et al., 1975). These workers found that ferritin

aggregated on the anterior tip of the head of rabbit sperm, but found no

binding to human sperm. Mercado et aJ. (1978), however, used a fluorescence

quenching technique in order to identify both PGEj and PGF2a receptors on

human sperm. Using this technique, they identified specific receptors to

both prostaglandin species, although they admitted that this technique was

not as good at detecting binding as direct label studies. From their results,

they speculated that the PGEj receptors were associated with aromatic

amino acid rich regions of the sperm membrane, while the less hydrophobic

PGF2a receptors were bound to polar amino acid rich regions.

At present, there has been only one study in which prostaglandin

receptor binding kinetics have been studied using radioactive tracers.

Schlegel et a]. (1981) incubated T3H1 PGF2a and T3H] PGE2 with human

sperm over a period of twelve hours. They showed that there was no

specific binding of either PGE2 or PGF2a, and concluded that no receptors

existed. Furthermore, no binding of prostaglandins to the soluble cell
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fraction, which was obtained following sonication of prostaglandin of the

sperm, was seen, and no evidence of prostaglandin penetration of the

sperm was observed.

Finally, in an abstract published in 1983, Nuzzo et al. suggested that

guinea pig sperm possessed at least 2ng of PGE2 and PGF2a per sperm.

Multiplying the figures up, this suggests that one million sperm has 4mg

of prostaglandin tightly bound to them. Of course, this might explain the

fact that guinea pigs seminal plasma contains little prostaglandin of any

kind, but as no further suggestions along these lines has been made by

either this, or any other group, these results must be considered with

some sceptisism. As far as the method of assay is concerned, no details

are given, and therefore no estimate of the accuracy of these results can

be made.

It can be seen, then, that the evidence for the binding of

prostaglandins to spermatozoa throughout the whole range of mammalian

species is scant. The fact that only one paper gives any evidence that

prostaglandins bind to human sperm, considering the vast concentration of

prostaglandins in seminal plasma, is therefore surprising. This lack of

binding has been taken by several workers as an indication that

prostaglandins are incapable of influencing any aspect of sperm function

directly. Obviously, if we are going to make a plausable case that the

prostaglandins do affect spermatozoa, we must try to prove the existence

of receptors which can pass on any signals to the cell.

4.4.3 'Biosynthesis fnostaqLandins by spezmgtoaoa

Recent evidence has suggested that prostaglandins may be synthesised

by the sperm themselves, and the presence of arachidonic acid, the precursor

for prostaglandin biosynthesis has been demonstrated within the sperm of

many species (for a review of sperm membrane lipids see Mann and Lutwak-
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Mann, 1981). In the human for example, arachidonic acid represents between

4-5% of the total phospholipid bound fatty acids in sperm (Poulos et al.,

1973b; Jones et a!., 1979). There is, however, no direct evidence to show

which phospholipids specifically contain arachidonic acid in human

spermatozoa, but work on other reproductive tissues, such as the guinea-pig

uterus, has suggested that 80% of the total arachidonic acid present was

associated with phosphatidylcholine or phosphatidylethanolamine (Leaver

and Poyser, 1981). These two phospholipids are the major phospholipids of

human sperm membranes (Poulos et a]., 1973b; Jones et al., 1979; Nissen

and Kreysel, 1983).

The release of arachidonic acid from phospholipids is thought to be

the rate limiting step in prostaglandin biosynthesis, and if spermatozoa

have any capacity to produce prostaglandins, a mechanism of liberating

this fatty acid must be available to the cell. The calcium

dependent enzyme, phospholipase A2 (PLA2) is capable of hydrolysing

polysaturated fatty acids from the tv/o position of phospholipids, and has

been identified in mouse (Thakkar et al., 1983, 1984; Drummond and Olds-

Clarke, 1986), guinea-pig (Ono et al., 1982; Dunlop and Killian, 1986), hamster

(Llanos et al., 1982), rat (Davis et al., 1979; Wang et al., 1981), rabbit

(Thakkar et al., 1984), bull (Thakkar et al., 1984), ram (Allison and Hartree,

1970; Hinkovska et al., 1987), and human sperm (Kunze et al., 1974; Soupart

et al., 1979; Langlais et al., 1982; Thakkar et al., 1984; Langlais and Roberts,

1985). Similar to the enzyme found in the majority of mammalian cells,

phosphatidylethanolamine is required for optimal activity. (For a more

detailed discussion of sperm and seminal plasma phospholipases see

Chapter 8).

The products of PLAo activity, the polyunsaturated free fatty acids

and the lysophospholipids are potentially fusogenic molecules (Howell et

al, 1973; Lucy, 1975, 1978: Papahadjopoulos et al., 1974, 1977, 1978; Karnovsky
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et al., 1982) capable of stimulating membrane instability and therefore

bringing about membrane fusion. The mammalian sperm acrosoine reaction

is a calcium dependent membrane fusion and vesiculation process involving

the sperm outer acrosomal membrane and the overlying plasma membrane

(Bedford and Cooper, 1978; Green, 1978a; Meizel, 1978, 1984; Yanagimachi,

1981; Moore and Bedford, 1983). Not surprisingly then, work using

guinea-pig and hamster sperm as models have shown that phospholipase

inhibitors such as parabromophenacyl bromide can inhibit the acrosome

reaction (Lui and Meizel, 1979; Dravland and Meizel, 1982; Ono et al., 1982)

while addition of lysophospholipids (Fleming and Yanagimachi, 1981; Llanos

et al., 1982; Ohzu and Yanagimachi, 1982; Langlais et al., 1982; Llanos and

Meizel, 1983; Langlais and Roberts, 1985; Yanagimachi and Suzuki, 1985) and

cis unsaturated fatty acids (Meizel and Turner, 1983a, 1984) can stimulate

the acrosome reaction.

Two recent papers have indicated that certain prostaglandins might

induce the acrosome reaction. In 1985, Aitken and Kelly showed that PGEj

and PGE2 significantly stimulated the penetration of zona free hamster

eggs by human sperm. PGE2 produced a sustained increase in egg

penetration up to a concentration of 270pg/ml, while PGEj produced a 'bell

shaped' dose response curve, stimulating fertilization between 8 and

33pg/ml after which the rate of penetration progressively fell to reach

control levels at the maximum concentration used. 19-OH PGEj and 19-OH

PGE2 induced a slight but insignificant rise in penetration rates, while

PGF2a was without effect.

In 1987, Joyce et al. confirmed the fact that PGEj and PGE2 could

stimulate the acrosome reaction, this time in hamster sperm. Both

prostaglandins significantly stimulated membrane fusion at a concentration

of 6.2nM, em observation which, as in the previous paper, did not just

reflect a general membrane destabilizing capacity, as PGFj^and PGA2 were
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without effect at the same concentrations. Considering this, it is evident

that PGE's encountered throughout the female reproductive tract might act

to stimulate the acrosome reaction and therefore the potential fertilizing

capacity of spermatozoa. Sperm need not rely just on exogenous

prostaglandins, however, as there is evidence to suggest that they have the

capacity to synthesise their own de novo.

Although Meizel initially reported that the cyclooxygenase inhibitor

indomethacin did not prevent the acrosome reaction in hamster spermatozoa

(Meizel, 1978), more recent evidence has suggested that non steroidal,

anti-inflammatory drugs (NSAIDs) such as aspirin or indomethacin can in

fact inhibit this event (Meizel and Turner, 1983a, 1983b, 1984; Nuzzo et al.,

1983; Joyce et al., 1987; Aitken - personal communication), and that the

effects of these drugs could be, at least partially, reversed by the addition

of PGEo (Joyce et al., 1987). Mouse sperm capacitation and the acrosome

reaction could be prevented by inhibition of PLA2, but not by cyclooxygenase

inhibitors (Drummond and Olds-Clarke, 1986), however, suggesting that at

least some species specificity exists.

The results from experiments in which the addition of enzyme

inhibitors produce a significant effect are only strengthened if it can be

shown that an active enzyme (in this case sperm cyclooxygenase) exists, or

that a reduction in the production of prostaglandins by sperm can be seen.

Reports along these lines are, however, few. Cytochemical studies have

been used to show that the cyclooxygenase enzymes may be present in the

rat sperm flagella (Irvine, 1982), and there has been two previous attempts

to show direct biosynthesis of prostaglandins (Schlegel et al., 1981; Bennet

et al., 1987). In Schlegel's study, human sperm were incubated at 37°C for

one hour with 0.4nmoles of unlabelled arachidonic acid containing 50,000

cpm of 13H1 arachidonic acid. Following centrifugation, the supernatant

was extracted with ethyl acetate, and the residue chromatographed on a
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silicic acid column. Fractions at which PGE and PGF standards were known

to elute were pooled, and rechromatographed on silica gel coated TLC

plates. The prostaglandins formed were identified using t3Hl standards

after autoradiography. Using this technique, Schlegel and his coworkers (1980
could find no evidence for the conversion of arachidonic acid into any

form of prostaglandin or metabolite. Until more direct evidence of

prostaglandin production by sperm is obtained then, acrosome reaction

inhibition using cyclooxygenase inhibitors must be considered with some

caution.

While Meizel & Turner (1984) suggested that 6.27nM PGE] and PGE2 could

significantly stimulate the hamster sperm acrosome reaction, these workers

additionally demonstrated that the products of the lipoxygenase pathway,

5-hydroxyeicosatetraenoic acid (5 HETE) and 12-hydroxyeicosatetraenoic acid

(12 HETE), could also stimulate acrosome loss, albeit at a greater

concentration (62.7mM). This suggested to these authors that products of

the lipoxygenase pathway could stimulate membrane fusion, and prompted

them to incubate hamster sperm with lipoxygenase pathway inhibitors.

They incubated sperm with 61.7pM l-phenyl-3-pyrazolidine (phenidone) and

lpM nordihydroquaiaretic acid (NDGA) and found that both compounds

significantly inhibited the acrosome reaction induced by addition of

arachidonic acid. However, as yet there have been no experiments

completed which show that the lipoxygenase pathway exists in spermatozoa,

and so judgement of these result like those involving cyclooxygenase

inhibitors must be reserved until a later date.

4.4.4 Aims

The experimental aims of this chapter are to identify by direct means

whether prostaglandin receptors exist on the plasma membranes of human

sperm, and to determine if human sperm can produce prostaglandins <ie novo.
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4.5.? Dndiiect assessment pzvstaglandin binding to kuman spezm

The 196 samples analysed in Chapter 3 were examined to determine

whether there was any correlation between sperm density and seminal

prostaglandin content. The data were split into the following three groups

according to sperm density: oligozoospermic - (<20 million sperm/ml);

normospermic (20-250 million sperm/ml); polyzoospermic (>250 million

sperm/ml), and the log of the concentration of the 4 major seminal

prostaglandins compared between groups. Inter group differences were

analysed statistically using an unpaired T-test.

4.5.2 [3H] PGEi binding to human ejaculated, and tarn epidldymaL sperm

(a) Human sperm

Human sperm were obtained by masturbation. The samples were

washed in three 10ml volumes of BWW medium (see Chapter 2) and,

following a final centrifugation at 500g for 5 minutes, resuspended to

a concentration of 20 million sperm/ml. Two mis of sperm suspension

were pipetted into a screw topped plastic incubation tube and lpCi of I3H1

PGE j (specific activity = 50Ci/mmol — Amersham International) in lOOul

of BWW medium added. A further 2ml aliquot of sperm suspension was

incubated in a similar fashion, but with lO^g/ml of unlabelled PGEj (Sigma)

added. This sample would act to determine any non-specific binding of

prostaglandin label. After vortexing, all samples were incubated at 37°C

for up to one hour. After 5, 10. 20, 30, 45 and 60 minutes the tubes were

again vortexed and two lOOpl aliquots removed. These aliquots were pipetted

onto pre-wetted microwell filters and the sperm filtered out under vacuum.

The filters were then washed with 1ml of BWW medium containing 10^g/ml
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of unlabelled PGEj and removed from their plastic mounting into

scintillation vials using a specially designed punch. Five mis of scintillation

fluid (RIA Luma — Fisons) were added, and the filters counted on an LKB

Rackbeta scintillation counter.

(b) Ram sperm

Ram epididymides were obtained from the slaughterhouse, and sperm

removed from the cauda epididymis by backflushing. Briefly, this involved

inserting a fine gauge needle into the lumen of the vas deferens and

clamping it in place. The larger bored tubules of the caudal epididymis

were identified and a small incision placed in one of the outer tubules

proximal to the corpus of the epididymis. Buffer was then gently pushed

through the epididymis via the syringe in the vas, and the sperm collected

from the incision. The following buffer was used for sperm flushing:-

stock solution contained: NaCl (BDH Ltd.) 7.293g/l; KC1 (BDH Ltd.)

0.199g/l; CaCl2 (BDH Ltd.) 0.264g/l; MgClz(BDH Ltd.) 0.099g/l; Na2HP04
(BDH Ltd.) 0.056g/l; Taurine (Sigma) 0.062g/l; Hepes (BDH Ltd.) 2.603g/l.

This stock solution was stored at 4°C until required. To lOOmls of stock

solution, the following constituents were added on the day of the experiment:

NaHC03 (BDH Ltd.) 0.099g; glucose (BDH Ltd.) 0.081g; pyruvate (BDH Ltd.)

0.0022g; lactate (Sigma — Sodium salt, 60% syrup — essentially glucose

free) 0.22ml; 2mls pen/strep solution (Sigma). The buffer was adjusted to

pH 7.4, and then gassed with a 5% C02/95% air mixture. Ram sperm were

diluted to a concentration of 20 million/ml and the prostaglandin binding

experiments carried out exactly as with the human sperm experiments.

4.5.3 RIA of seminal prostaglandins bound to human ejaculated spezm

One million cpm/ml of [,4C1 inulin (Inulin l14Cl carboxylic acid,

specific activity = lOmCi/mmol, Amersham International) were mixed with

whole human semen, and incubated at 37°C in a glass tube for 30 minutes.
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Following incubation, the sample was centrifuged at 500g for 5 minutes

and the seminal plasma removed from the sperm pellet. This was

methyloximated and then assayed for all four major seminal prostaglandins

using the technique described as method 2 in Chapters 2 and 3.

The sperm pellet was taken up into 12mls of BWW medium and then

split into 6x2ml fractions. The six aliquots were then centrifuged at 500g

for 5 minutes and the supernatant removed from all fractions. 5mls of

scintillant was added to one of the sperm pellets and the sperm counted

for C14C] inulin in a scintillation counter. To another pellet, 5mls of

chloroform: methanol 2:1 (v/v) (BDH - Analar reagents) was added. These

2 fractions were the first wash samples. The four remaining sperm pellets

were taken up in 2mls of BWW medium and vortexed. Following

centrifugation, two of the tubes (second wash samples) were treated as

for the first wash aliquots. The remaining tubes (the third wash samples)

were washed again in a further 2mls of BWW medium, centrifuged, and

then either counted for [14C1 inulin, or extracted using chloroform:

methanol.

The chloroform: methanol suspended sperm were sonicated using a

Soniprep ult.rasonicator for 2 x 30 second bursts, and the homogenates

centrifuged at 500g for 5 minutes to remove large cell fragments. Following

this, the lipid extract was removed, and dried down under nitrogen. This

dried lipid fraction was taken up in 100^1 of methanol, and made up to a

volume of 1ml with BWW medium. This was extracted with two 5ml

volumes of ether: ethyl acetate (1:1 v/v) (BDH — Analar reagents), the solvent

layer removed, and the extract dried down under nitrogen. The final extract

was taken up in 30^1 of methanol, and 950(il of BWW medium added. To

500^x1 of the BWW medium containing the extracted prostaglandins, oOOjil

of methyloximating solution was added, and the samples left to derivatise

overnight. This, and a 1:10 dilution of this lipid extract were assayed for
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19-OH PGE, PGE and PGF2ot. 10pl and lOOpl aliquots were assayed in

duplicate as outlined in Chapter 2. To the other 500pl of BWW medium,

500(il of IN NaOH was added, and the sample allowed to stand at room

temperature overnight. 1ml of 0.5M phosphate buffer (pH 7.4) was added

to this, and the sample assayed for 19-OH PGF. Again, 10 and lOOpl aliquots

were assayed in duplicate, as described in Chapter 2.

4.5.4 dozzelation betioeen sperm density changes and seminal

prostaglandin changes in serial samples

Semen was obtained from 12 healthy individuals by masturbation.

These samples represented the placebo group from an oxaprocin/

indomethacin experiment which will be described in detail in Chapter 6.

Briefly, an initial sample was obtained from each individual, followed by

two subsequent samples after two and five weeks. Basic seminal

characteristics (volume, density, motility, % normal forms) were measured

along with the major seminal prostaglandins which were analysed using the

R1A technique described in Chapters 2 and 3. In order to obtain an overall

picture, the samples were split into three groups

(1) samples in which the density change in the subsequent

sample was less than - 50% of that in the original sample.

(2) samples in which there was a >50% fall in sperm density.

(3) samples in which there was a >50% rise in sperm density.

Differences in prostaglandin concentration between the groups were

analysed by T-test.

4.5.5 Uptake T14Cl arachidonic acid bg human spew

Human sperm were washed as described previously, and resuspended

to a concentration of 20 million/ml in BWW medium. To 2 mis of sperm

suspension, f14Cl arachidonic acid taken up in lOOpl of BWW (Amershrim
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International - specific activity - 50 mCi/mmol) was added to a

concentration of l^Ci/ml. These sperm were incubated at 37°C with

occasional mixing. Two x lOOptl aliquots were removed at intervals (0, 15,

30, 60, 120, 180, 240 minutes) over a four hour period and the sperm filtered

using the method described in section 4.5.2. In this case, however, the

filters were washed with 1ml of BWW medium containing lO^g/ml of

unlabelled arachidonic acid (Sigma). This experiment was carried out using

15 individual sperm samples.

4.5.6 T&lease o^> C^Cl atachidonie acid b\\ human spetm

Washed human sperm were allowed to incorporate [14C1 arachidonic

acid for a 30 minute period using the method described in section 4.5.5.

The samples were washed twice in BWW medium, each sample divided in

half and then resuspended to the same concentration in medium containing

50^M A23187 (Sigma) and in BWW medium (the control). Incubation of

both samples was carried out at 37°C for 4 hours. After vortexing, 2 x

100^x1 aliquots were removed at 0, 15, 30, 60, 120, 180 and 240 minutes, and

the sperm filtered and washed as in section 4.5.5. This experiment was

carried out on sixteen individual samples.

4.5.7 Assessment of prostaglandin production bvf A23187 tieated

human spezmatozoa

Four human sperm samples were washed and resuspended to a

concentration of 20 million/ml in BWW medium. [14C1 arachidonic acid

was incorporated into the sperm over a 30 minute period, after which the

sperm were washed, and label uptake in the samples determined. Each

sample was split into two equivalent volumes of usually 2mls of sperm

suspension. One aliquot would act as a control, while the other was treated

with a concentration of 50pM A23187, a calcium ionophore. After l hour of
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incubation, 1ml of control and 1ml of A23187 treated sperm were removed

and centrifuged at 500g. Both supematants were extracted with ether:

ethylacetate (1:1 v/v) after which the extract was dried down under nitrogen.

The spermatozoa were taken up in 5mls of chloroform: methanol (2:1 v/v)

and the lipids extracted from the sperm using the method described in

section 4.5.3 until the final, dried ethyl acetate extract was obtained. Both

the supernatant extract, and the sperm pellet extract were taken up in a

minimal volume of ethyl acetate, and applied to the origin of a silica TLC

plate (Kieselgel 60-F2S4 — 20 x 20 silica pre-coated plastic sheets - Merck).

The plates were developed in a pre-equilibrated TLC tank containing the

following solvent system:- ethyl acetate: isooctane: acetic acid: water

(110:50:20:100 v/v) along with approximately 100,000cpm of [14C1 arachidonic

acid as standard. After four hours, the remaining 1ml of control and A23187

incubated sperm were treated in an identical manner to the one hour

samples. Following development, the position of labelled compounds was

determined by autoradiography.

4.5.8 ^epazution of, mafoi Lipid classes ^xom human spetmatoaoa

using high piessure liquid ckiematogzuphg (MPLO

Again, a human sperm sample was incubated with r14Cl arachidonic

acid over a 30 minute period. Following 2 washes with BWW, labeled

uptake was determined as in section 4.5.5. The sperm were extracted in

chloroform: methanol (2:1 v/v) using the method described in section 4.5.3

until the dried chloroform: methanol extract was obtained. This extract

was taken up in lOOpl of methanol. 50pl of this was applied to the origin

of a silica TLC plate (Kieselgel 60-F2S4 — Merck) and the plate developed

in a diethyl ether: methanol: acetic acid (90:1:2 v/v), and the extract dried

down under nitrogen.

Separation of phospholipids was carried out using a 10cm radial pak
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partisil column (5p particle size - Waters). The eluting system used was

that described by Guichardant and Lagarde (1983). Briefly, the column was

eluted at a flow rate of lml/minute for 5 minutes using a hexane:propanol-

2: acetate buffer, ImM pH6 (60:120:10 v/v) solvent system. Over the next

25 minutes, a linear gradient was used to move the solvent system to 100%

hexane: propanol-2 : acetate buffer ImM pH6 (60:120:16 v/v). At 30 minutes

elution, the solvent system was changed completely to hexane: propanol-2:

acetate buffer ImM pH6 (60:110:21 v/v) and the column eluted for a further

60 minutes. In all, 90 x 1ml fractions were collected, and lOOpl aliquots of

each fraction were counted for radioactivity. Phospholipids were identified

using [14CI labeled compounds as standards (Amersham International).

4.6.1 Estimation prostaglandin binding by indLteet methods
In the previous chapter, the seminal prostaglandin concentrations and

their frequency distributions were shown for 196 samples (see Table 3.5).

This data were split into three categories according to sample density in

order to assess the effects of sperm numbers on seminal prostaglandin

concentrations. These categories were

The corresponding prostaglandin concentrations for each category

can be seen in Table 4.1.

The bulk of the samples (77%) were normospermic, while

aligozoospermic and polyzoospermic samples comprised only 21.5% and 1.5%

respectively. Concerning the oligo and polyzoospermic samples, there was

no significant difference of any prostaglandin concentration from the values

(1) oligozoospermic (<20 million sperm/ml)

(2) normospermic (20-250 million sperm/ml)

(3) polyzoospermic (>250 million sperm/ml)
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Density

(106/ml)
n

MeaniSD

19-OHPGE

<Ug/ml)

Mean*SD

PGE

(Hg/ml)

Mean*SD

19-OHPGF

(txg/ml)

Mean*SD

PGF

(Hg/ml)

<20 42 229.8*131.1 100.9*54.7 25.1*16.1 6.4*5.8

20-250 tsi 250.6*135.8 91.9*68.4 25.0*17.6 5.4*5.6

>250 3 180.1*83.8 129.9*84.2 16.3*10.1 3.8*2.S

TABLE 4.1 Comparison of the major seminal prostaglandin
concentrations from oligozoospermic, normospermic
and polyzoospermic men.

obtained in the normal density group. In fact, the results from the

oligozoospermic group show exactly the opposite trend to that which

would be expected if sperm bound seminal prostaglandins and therefore

rendered them unavailable for assay. If binding were the case, it would be

expected that semen with sperm concentrations lower than are normally

found, would have higher than normal seminal prostaglandin concentrations.

The results shown in Table 4.1 indicate that instead of increasing with

lowered sperm density, the prostaglandin concentrations decrease slightly

when compared to those in the normal group.

Bendvold et al. (1985a) have shown differences in the levels of

especially 19-OH PGE and PGEt, both of which increased with lowered

sperm counts. It is important to note, however, that these results were

obtained from only one sample.

Of the 42 oligozoospermic samples assayed in our laboratory, 12% had

PGE levels which were double the mean normal level. These results are

comparable to those cited in Bendvold's paper. A further 12% however, had

less than half the PGE concentration when compared to mean levels in

normospermic samples. Coincidentally perhaps, 12% of normospermic samples

also had a two-fold increase in the concentration of seminal PGE while a

larger percentage, 25%, had only half the mean normal value for this

prostaglandin. Taking these results into account, and considering the wide

range of prostaglandin concentrations which we have previously shown to
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exist in the human (see Chapter 3) it seems unlikely that a lowered sperm

count would invariably mean higher seminal prostaglandin concentrations.

It was perhaps unwise then of Bendvold's group to make generalizations

on too small a sample size.

In the polyzoospermic group, again a decrease in all prostaglandin

levels was seen when compared to normospermic samples. The difference

in all prostaglandin levels was found to be insignificant however. The

number of samples is very small (n=3) when compared to the normal group

(n=151), and it is possible that if more samples were analysed, a significant

reduction would be seen. Certainly, Kelly et al. (1979), when comparing the

mean results of 10 samples with a sperm density above 300 million/ml,

found the PGE and 19-OH PGE levels were significantly lower than mean

levels from two normal groups (n=32 and n=15) with sperm densities of

between 50-150 million/ml. Similarly, in a comparison of prostaglandin

levels from 7 polyzoospermic (in this case >250 million/ml) with 29

normospermic samples (20-250 million/ml), Bendvold et al. (1984) showed

that both PGE and 19-OH PGE were significantly reduced (p <0.01).

4.6.2 PGEi binding to human ejaculated and z&m sperm

The results of the direct label binding studies are shown in Figure

4.1. After correction for non-specifically associated label it can be seen

that C3H] PGEj binds to both ram epididymal and human ejaculated sperm

The rate of prostaglandin uptake differs between the two species, however,

in that the ram sperm bind almost twice the amount of prostaglandin than

the human sperm. This need not strictly be a species differences here,

however, as the human sperm have been exposed to large quantities of

prostaglandins in the seminal plasma, while epididymal ram sperm have not

yet been mixed with the plasma, and the prostaglandin receptors would

be expected to be unoccupied. Additionally, the binding of PGEj label



^Lqute 4.1 Binding of [3H] PGEj to ram epididymal and human

ejaculated spermatozoa. Results are the mean - SEM

of 4 (duplicate) experiments.



Figure 4.1

TIME (Minutes)
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reaches a plateau after 30 minutes in the ram sperm, while binding to

human sperm continues to increase over the hour tested. Calculating from

the maximal amount of radioactivity associated with the sperm, the results

suggest that 1.68pg of PGEj are bound per million ram sperm, whereas

only 0.83pg were bound to the same number of human ejaculated sperm.

Mercado et al. (1978) calculated from their fluorescence quenching studies

that one million ejaculated human sperm could bind approximately 120ng

of PGEj. Obviously, it is difficult to compare the calculated amounts of

prostaglandins bound in Mercado's study with those found here, as two

very different techniques have been used. It is Interesting to note, however,

that the more direct technique has produced the lower binding level.

Significantly, the results discussed here are the first that show any

prostaglandin binding to either ram or human sperm using a direct radiolabel

technique.

4.6.3 MA of seminal fnostaejlanbins bound to kumnn ejaculated spezm

As human seminal plasma contains such large quantities of

prostaglandins it is important that some measure of the volume of seminal

plasma associated with the sperm pellet after each washing is obtained. If

binding of prostaglandins is to be determined using the RIA technique,

obviously the larger the volume of seminal plasma associated with the

pellet, the higher the concentration of seminal prostaglandins which would

be measured on the sperm. In order to determine the amount of

prostaglandin from seminal plasma associated with the sperm pellet at

each washing stage, 114C1 inulin was added to the ejaculated semen. Inulin,

a carbohydrate polymer of molecular weight 5000, does not enter the

sperm and therefore can be used as an indicator of plasma volume

surrounding the sperm. The results in Table 4.2 show the mean volumes

of seminal plasma associated with the total sperm pellet after the first,
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Wash
Mean Volume

/Total Sperm

Mean

19-OHPGE

Mean

PGE

Mean

19-OHPGF

Mean

PGF

First 2.4(il 3.9ng/ O.Sng/ O.Sng/ 0.4ng/

10^ Sperm 10^ Sperm lO6 Sperm 10^ Sperm

Second I7.6nl 28.6pg/ 4-Opg/ 3.6pg/ 0.3pg/

10^ Sperm 10^ Sperm 10^ Sperm 106 Sperm

Third 6.6nl 10.7pg/ l.Spg/ 1.3pg/ O.lpg/

lO^ Sperm lO^ Sperm 10^ Sperm 10^ Sperm

TABLE 4.2 Calculated concentrations of residual seminal plasma
and prostaglandins associated with human sperm
after washing (n=4)

second, and third washes, along with the calculated concentrations of

prostaglandin determined from mean seminal plasma levels (Table 4.3).

Mean 4 SD

Volume Density Motility 19-OHPGE PGE 19-OHPGF PGF

(ml) 106/ml (X) (Hg/ml) (Ug/ml) <Hg/ml) <Hg/ml)

2.2+ 684 694 2434 33.64 30.34 2.44

0.6 11 8 104 8.0 20.4 0.7

TABLE 4.3 Semen characteristics and seminal plasma
prostaglandin concentrations (n=4)

After the first wash, a significant amount of seminal plasma (1.1% of

the total added label = equivalent to 2.4pl) is still associated with the

sperm pellet. In this case, it would be difficult to estimate the

concentrations of prostaglandins specifically bound to the sperm in the

presence of a large concentration of non-specifically associated

prostaglandins. After the second wash, however, the volume of seminal

plasma associated with the sperm pellet is only 17.6nl. This corresponds to

only 0.008% of the total inulin label added, and a reduction in volume

from the first wash by a factor of 136. There is a further reduction in

seminal plasma volume to 6.6nl after a third 10ml wash in BWW medium.

Here, the percentage of counts associated with the sperm with respect to

the total number added to the seminal plasma is 0.003%.

The concentrations (pg) of prostaglandins bound per million sperm
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cells at Welshes 2 and 3 are shown in Figure 4.2. The prostaglandin

concentrations which are due to associated seminal plasma have been

subtracted so that only specifically bound prostaglandin levels cam be

seen.

After a second wash, the mean concentration of 19-OH PGE bound

per million sperm was approximately 3ng while the bound level of PGE

was only 70pg. This ratio is 6 times greater than the ratio of 19-OH PGE

to PGE (7:1) normally found in the seminal plasma. The ratio of 19-OH PGF

to PGF2a bound to human sperm is about 14: 1, a value which is equivalent

to the corresponding seminal plasma ratio. PGE and PGF2oc are bound in

approximately equal amounts. Washing the sperm pellet for a third time

reduced the levels of bound prostaglandins by half in all cases.

Naturally, some comparison of the results from the RIA determined

binding study and the label binding study should be made. After three

washes, RIA analysis showed 40pg of PGE specifically bound per million

sperm while the direct label study with 13H1 PGEt indicated that only

0.83pg were bound per million sperm after em equivalent number of washes.

In neither case was the 121ng PGEj/106 sperm measured by Mercado et al.

(1978) reached.

The results of the specifically bound prostaglandin concentrations

calculated as a percentage of the toted seminal plasma prostaglandin levels

cem be seen in Table 4.4.

Wash
% Seminal Prostaglandins Bound to Sperm

19-OH PGE PGE 19-OH PGF PGF

Second

Third

0.007

0.040

0.014

0.009

0.202

0.084

0.194

0.009

TABLE 4.4 Meem percentage of seminal plasma
prostaglandins specificedly bound to
the sperm pellet (n=4)

Interestingly, after two washes the percentage of prostaglandin F

(both 19-OH PGF and PGF2a) bound is higher than both 19-OH PGE and



^Ujute 4.2 RIA estimation of the concentrations of all four major

seminal prostaglandins bound to human sperm after 2

and 3 washings. Results are the mean - SEM of 4

(duplicate) experiments.
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PGE. On the third wash, however, the percentages of prostaglandins bound

are reduced to almost equivalent levels. This seems to suggest that the F

prostaglandins associate with the sperm receptors much more readily i.e.

have a higher affinity for their receptors than do the PGE's.

4.6.4 dozielation hetioeen spezm density changes and seminal prostaglandin

changes in consecutioe samples ftcm the same individual
The results from the previous two sections have shown that the

binding of prostaglandins is small, and that vast differences in prostaglandin

concentration are unlikely to be caused by their binding to sperm. Kelly et

al. (1979) have suggested that some factor might simultaneously change

both sperm density and prostaglandin levels. This suggestion has been

borne out in a more recent paper by Bendvold et aJ. (1984) in which they

stated that prostaglandin concentrations varied markedly in those samples

where the sperm characteristics also changed.

The influences of changes in sperm density on the seminal plasma

prostaglandin concentrations are analysed in this section. The results from

three consecutive samples from four individuals cm be seen in Table 4.5.

Sample Week Volume
Density

(106/ml)

%

Motility

19-OHPGE

(ng/ml)

PGE

((ig/ml)

19-OHPGF

(Ug/ml)

PGF2»
(ng/ml)

1 3.0 48.0 62 186.7 152.7 40.1 9.1

A 3 2.S 42.0 66 236.7 177.3 30.3 6.1

S 6.0 68.3 64 196.3 121.7 19.2 8.0

1 4.0 80.0 80 429.6 55.5 14.2 1 .4

B 3 4.5 23.5 80 250.2 73.1 23.3 2.0

S 3.0 32.5 75 360.0 SO. 7 1 8.2 1 .8

1 3.0 67.0 60 209.9 178.9 21.0 2.8

C 3 1.5 1.2 45 205.0 124.9 17.5 4.1

S 4.S 20.0 82 151.7 63.9 24.7 2.2

1 1.5 93.0 82 276.7 63.1 17.7 2.4

D 3 1.2 79.0 77 368.3 100.6 28.6 2.6

S I.O 347.S 77 330.0 35.9 70.7 2.4

TABLE 4.5 Semen characteristics and seminal plasma prostaglandin
levels in serial samples from four individuals
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These individual results reflect the combined data from the total of

twelve individuals studied. Overall, the data were split into three groups

for comparison: those consecutive samples in which the sperm density

changed by plus or minus 50%; the serial samples in which there was a

greater than 50% fall in sperm density; those samples in which there was a

greater than 50% rise in sperm density. The results for the respective

groups are shown diagramatically in Figures 4.3, 4.4, and 4.5.

Sample A showed little change in density, and although there was

a tendency for the 19-OH PGF concentration to reduce over the time period

that the three samples were taken, the other prostaglandins remained

relatively constant throughout. Figure 4.3 shows the mean data from twelve

pairs of samples in which there was little change in sperm density between

the samples. It can seen that there is no significant difference between

any of the mean prostaglandin levels. Similarly, motility is unchanged.

These results confirm previous studies of Gerozissis and Dray (1981),

Svanborg et al. (1982, 1983), and Bendvold et al. (1985a), suggesting that the

variation in the concentrations of the different seminal prostaglandins is

more pronounced between different individuals than between ejaculates

from the same individual - as low as 10% in some cases (Bendvold et al.,

1985a).

The samples from individuals B and C show a greater than 50% drop

in sperm density. Between the first and second sample from donor B there

is a drop in density of 71%. 19-OH PGE levels are lowered by 44% while all

other prostaglandin concentrations are slightly increased. The second and

third samples from donor B show a recovery in density of 35% with a

corresponding reversal in the prostaglandin changes. 19-OH PGE levels are

increased by 44% while all other prostaglandin levels fall.

With donor C there is a marked drop in density between the first

and second semen specimens. Here the density drops by 98%. The 19-OH



4.3 Effects of a - 50% change in sperm density measured

in consecutive samples from the same individual on the

levels of the four major seminal prostaglandins. Mean

- SEM of data from consecutive samples from 6

individuals.
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PGE concentrations remain unchanged, however, unlike donor B where a

reduction was seen. Additionally, both PGE and 19-OH PGF levels fall

slightly, while PGF2a concentrations rise by 46%.

The overall changes in prostaglandin levels for consecutive samples

from four individuals with a density fall of greater than 50% can be seen

in Figure 4.4. No significant reduction can be seen in the levels of PGE or

19-OH PGF, but a 23% drop in 19-OH PGE (a reduction in 3 out of 4 pairs),

and an increase in PGF2ot by 100% (an increase was seen in all four pairs)

was observed. In no case, however, was any prostaglandin difference

significant.

Comparing the second and third samples from individual C there is a

recovery in density from 1.2 to 20 million sperm/ml. Analysing the

prostaglandin data, there was a slight drop in the 19-OH PGE concentration,

while the PGE levels fall by 49%. PGF2a similarly falls by 46% while 19-OH

PGF rises by 41%.

The data from individual D shows a large rise in sperm density when

samples two and three are compared. Unlike donor C, here the 19-OH PGE

and PGF2a levels remain unchanged between samples. Similar to C, PGE

levels fall (by 64%) and 19-OH PGF levels show a rise of 147%. This

reduction in PGE and rise in 19-OH PGF with a large density increase was

not seen consistently, however. Certainly, the differences were not as

predictable as those seen in the 19-OH PGE and PGF2a levels with lowered

sperm density. This is reflected in the overall data (eight pairs of samples)

seen in Figure 4.5. No changes in 19-OH PGE or PGF2a levels were observed

when the sperm density increased by a factor greater than 50%. There was

a small decrease in the PGE concentration (17%) and an increase in 19-OH

PGF levels of 43%. Like the other analyses, when the log data was analysed

by T-test, no significant differences could be seen.

All in all, these results show an interesting if unexpected trend. A



^f-Uquze 4.4 Effects of a greater than 50% fall in sperm density

measured in consecutive samples from the same

individual on the levels of the four major seminal

prostaglandins. Mean - SEM of data from consecutive

samples from 4 individuals.
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large decrease in density seemed to be correlated with a lowering of 19-OH

PGE levels and a raising of PGF2a levels. Conversely, an increase in sperm

density was associated with a decrease in PGE, and an increase in 19-OH

PGF. In both cases, the E prostaglandins were lowered while the F

prostaglandins rose, although no prostaglandin levels were altered by a

significant enough margin to move them outside of their normal range. No

significant differences in motility were seen throughout.

In these studies, every attempt was made to obtain all necessary

information about each individual's semen sample. One area which is not

covered in the results, however, is the time of abstinence before each sample

was obtained. Routinely, every mem donating a sperm sample was advised to

abstain from any form of intercourse for a minimum of 3 days before the

sample was taken. Concerning this, there is no real test to determine

whether any individual has or has not complied with the rules. While the

results described in this section may be caused by individuals not sticking

to the 3 day abstinence rule, and certainly this must always be considered

a possibility, the alternative explanation must be equally strongly considered.

4.6.5 Dncotfrotatlon of F**C] atAekidonic acid into human spetmatoaon

The results for the incorporation of arachidonic acid into the lipids of

human sperm cam be seen in Figures 4.6 and 4.7. Figure 4.6 shows that the

general trend for association of labelled arachidonic acid in 8 out of the 15

samples tested was one of an initial uptake, plateauing off over the first

1-2 hours. Following this, a sharp uptake of arachidonic acid at 3 hours

could be seen. Individual samples occasionally showed the Increase slightly

earlier at 2 hours, but in all samples tested, a rise was seen. In the hour

following this peak uptake period, arachidonic acid concentrations within

the sperm membranes dropped back to levels seen within the first hour.

Of the 15 samples tested, the remaining 7 samples showed an initial



'J-Lqute 4.5 Effects of a greater than 50% rise in sperm density

measured in consecutive samples from the same

individual on the levels of the four major seminal

prostaglandins. Mean - SEM of data from consecutive

samples from 8 individuals.



 



uptake of [14C] arachidonic acid over the first hour (Figure 4.7). The levels

here were, however, only 20% of those seen in the other 8 samples. The

levels of incorporated label associated with the samples then decreased by

half over the next 3 hours. Again, differences did occur within the individual

samples, as some maintained a low level of incorporated arachidonic acid

for up to 2 hours, but in no case was a rise in labeled incorporation seen.

H-.6.6 "Release afa F*^Cl atackidonie acid by human spetm

Figure 4.8 shows the effects of the calcium ionophore A23187 on the

release of the [3H1 arachidonic acid incorporated into human sperm over a

30 minute period. Only samples which incorporated approximately SOOcprn/

106 sperm were used (10 out of 16 samples). In both the control and the

A23187 incubations, a decrease in arachidonic acid associated with the sperm

was seen over the 4 hour incubation period. A mean reduction in label of

57% occurred in the control experiment at 4 hours, while over the same

time period the A23187 incubated samples showed a 73% reduction. Overall,

a significant difference was seen in the release of arachidonic acid between

the control and the A23187 treatments at 180 and 240 minutes (p <0.001)

although the difference at 120 minutes was almost significant (p 0.06).

A23187 treated samples consistently released more arachidonic acid label

than control samples over the same period of time, although for individual

samples the point at which a significant difference occurred ranged from

60 to 240 minutes.

The remaining 6 samples tested (data not shown) showed an uptake

of labelled arachidonic acid similar to that seen in the samples shown in

Figure 4.7, that is in the range of 150cpm/106 sperm. Here an approximately

50% reduction in arachidonic acid associated with the sperm occurred in

both the control and the A23187 treatment. No significant difference was

apparent for any of these samples.



<r%-Lquxe 1.6 Incorporation of [14C] arachidonic acid into human sperm.

Samples in which there was good incorporation throughout

the period of incubation. Mean - SEM of 8 (triplicate)

experiments.

1.7 Incorporation of [14C] arachidonic acid into human sperm.

Samples in which there was poor incorporation throughout

the period of incubation. Mean - SEM of 7 (triplicate)

experiments.
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1.6.7 Assessment o^, prostaglandin production b\f tA23187 treated human

spetm

For the four samples tested, no evidence of prostaglandin production

by human sperm could be found at either l or 4 hours in both the control

or A23187 treatments. TLC of both medium and sperm extracts followed

by autoradiography showed that the only labelled band occurring was that

of arachidonic acid, when compared with a labelled standard. No bands

corresponding to prostaglandins were seen, suggesting that no conversion

of arachidonic acid had taken place.

1.6.8 f^epaiwtLon of, nxgfoz lipid classes facm human spezmatcaoa. HPLC

One suggestion for the lack of prostaglandin production by human

spermatozoa is that the arachidonic acid is incorporated into lipids which

are not available to the phospholipases capable of fatty acid cleavage. To

determine whether this is the case, the major membrane phospholipids,

phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylinositol

(PI) and phosphatidylserine (PS) were separated and examined for r14Cl

arachidonic acid incorporation using an HPLC technique. These experiments

showed that arachidonic acid was incorporated into all phospholipid classes.

Expressed as a percentage of total arachidonic acid associated with all

four lipids, the bulk of the incorporation, 45.4% and 38.7% could be seen in

PC and PE respectively, while 11.2% of the [14C1 arachidonic acid was

identified in the PI peak, with the remaining 4.8% incorporated into PS.

These results fit in well with the relative proportions of the phospholipids

within the human sperm membrane, in that PC (38.3%) and PE (29.7%) are

the major constituents (Jones et aJ., 1979).

Although the details are not described in the Materials and Methods

section, a sample of bull caudal epididymal sperm was extracted in a

similar manner to that used for the human sample and run on the HPLC



Jlgute 4.3 Release of [14C] arachidonic acid from human sperm in

the presence and absence of 50pM A23187. Mean - SEM

of 10 (triplicate) experiments.
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to separate all major phospholipid classes. In comparison to the human

sperm, the bull sperm's membrane is made up of predominantly PC (30% -

Clegg and Foote, 1973). PE constitutes only 9.7% compared to 29.7% in the

human sperm membrane. Consequently, when the four major phospholipid

types were separated out from the bull sperm lipid fraction, the

incorporation of [14C1 arachidonic acid was found to be very different to

that seen in the human. In the bull, 84.5% of the label was incorporated

into PC with only 2.9% in PE. 3.4% is incorporated into PI, while 9.2% is

incorporated into PS. Interestingly, PS had a greater incorporation of label

than both PE and PI together, although its presence in the bull sperm

membrane is small (0.7%).

Preliminary results from the human sperm lipid fraction which was

run on TLC using the methods described by Macala et al. (1983) have

suggested that there is incorporation of C14C1 arachidonic acid into all

lipid classes including diglycerides, although at present no precise

percentages have been calculated (data not shown).

4.7 Conclusions
The results shown in this chapter are significant in that binding of

prostaglandins to human sperm has been observed using two different

techniques (direct label studies, and RIA). Thus we have confirmed the

results of Mercado et al. (1978). The direct label binding studies are.

however, contrary to the results obtained by Schlegel et al. (1981) who

found that neither PGE2 nor PGF2oc associated significantly with human

spermatozoa. Binding of PGEj to ram sperm was also observed. This was

taken as an indication that ram sperm possess prostaglandin receptors on

their membranes.

Ram epididymal sperm have not been exposed to the prostaglandins

which are known to be present within the seminal plasma of this species
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(Poulos, 1973b, 1975). It would be expected then that the prostaglandin

receptors would be largely unoccupied, or would have bound only the

small amounts of prostaglandins which were of testicular or epididymal

origin. This would explain the more rapid uptake of prostaglandins by the

ram epididymal sperm than by the human ejaculated sperm which had been

exposed to large amounts of prostaglandin, and would be expected to have

the majority of prostaglandin receptors occupied.

Obviously, the identification of prostaglandin receptors on human

sperm is essential if a role in influencing, for instance, sperm motility is

to be proposed. It is perplexing then as to why previous workers failed on

the whole to identify the presence of receptors. In other biological

situations, the binding of prostaglandins to their receptors is dependent

upon the presence or absence of other factors. In mammary carcinoma

membranes for example, binding of PGEj was only seen in the presence of

5mM copper (Lui and Knazek, 1983), while PGE2 receptors on rat peritoneal

macrophages were found to bind maximally in the presence of ImM EDTA

(Opmeer et aJ., 1983). In this study, if calcium concentrations higher than

those used in the standard buffer were used (O.OSmM) specific binding of

PGE2 was reduced. In this situation, it was suggested that ionic forces

may influence the binding of PGE to its receptors, and the authors

postulated that a common PGE/calcium receptor might exist, a situation

which had been previously suggested by Horrobin (1977). In Horrobin's

proposed model it was suggested that the receptors for calcium and

prostaglandin existed adjacently, the conformation of the calcium sites

being such that they could be occupied only if the nearby PGE receptor

was also filled. He used this model to explain both plateau type and

"bell-shaped" dose response effects for PGE's similar to the effects seen

for PGEj and PGE2 on hamster egg penetration by human sperm (Aitken

and Kelly, 1985).
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An alternative explanation for the lack of response of cells to

prostaglandins, or the inability to find receptors to these compounds has

been suggested by the recent work of Kenimer (1982) and Garrity et al.

(1983). Kenimer (1982) showed that incubation of neuroblastoma glioma

hybrid cells in the presence of 2.5^M PGEj for 16 hours resulted in the

loss of PGEj receptors, and em increase in the dissociation constant for

the remaining receptors. Thus, cells challenged with PGEj would not only

lose prostaglandin stimulated adenylate cyclase activity, but also PGEj

receptors. It was also shown that a decrease in the affinity of the remaining

receptors for PGEj occurred. Garrity et al. (1983) on the other hand showed

that treatment of hepatic plasma membranes with 50pg PGE2 resulted in

the down regulation and desensitization of prostaglandin receptors.

The interactions between prostaglandin receptors and divalent ions

leading to prostaglandin binding to its specific receptor in a manner similar

to the systems described above are a possibility as seminal plasma contains

many metal ions including copper (Plebon and De-Shen Mei, 1983) and

calcium (Arver and Sjoberg, 1982). Also, due to the difficulties in obtaining

human epididymal spermatozoa, the majority of binding studies have been

carried out on washed ejaculated sperm. These sperm would have been

exposed to the seminal plasma constituents for a minimum period of time

of 20-30 minutes (the time for spontaneous liquefaction to occur). Although

this time period is nowhere near the 16 hours of incubation which was

needed for the reduction in the number of receptors in the neuroblastoma

glioma cells, the effect is still possible. It seems likely, however, in the

light of the RIA data that a possible explanation for the lack of

prostaglandin binding is more simple than the requirement of additional

factors or the down regulation of prostaglandin binding sites. These results

showed that human ejaculated sperm have prostaglandins tightly bound to

them even after washing, and suggest that a total of approximately 2ng of
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prostaglandin may be bound per million sperm even after three washes.

This fact would also explain the reduced concentration of prostaglandin

bound to the sperm when calculated from the direct binding studies with

PGEj label, compared with concentrations assayed directly. In the direct

binding studies, the assay depends upon em equilibrium being formed between

the prostaglandins in solution and those bound to sperm. Obviously, if the

sperm receptors are filled with tightly bound prostaglandin, then little

exchange between free and bound prostaglandin will occur, consequently

producing a vast underestimate of the total binding capacity of the sperm.

Confirming this as far as PGEj was concerned, the RIA estimation of

binding was fifty times greater them that obtained from the label study.

This would also explain why several workers have had to use very high

concentrations of prostaglandin in their experiments in order to produce

an effect on sperm function (Eskin et aJ., 1973; Cohen et a/., 1975 - both

showing effects of 250^g/ml PGF2a on sperm motility; Aitken and Kelly,

1985 - up to 300pg/ml of seminal prostaglandins including 19-OH PGE).

Schegel et al. (1981) showed that addition of 15-hydroxy prostaglandin

dehydrogenase (an enzyme capable of metabolising both E and F

prostaglandins) to seminal plasma resulted in a dramatic fall in sperm

motility. While this enzyme would degrade the free prostaglandins present

in the seminal plasma, it might also be expected to act upon those

prostaglandins bound to the sperm receptors themselves, thus causing the

decreases in motility which were seen by this group.

If the exact levels of prostaglandin associated with the sperm are

examined more closely, it cam be seen that aifter 2 washes, 3ng of 19-OH

PGE and 70pg of PGE are bound. The ratio here is 6 times greater than

that seen in the seminal plaisma (ratio = 7:1). Additionally, lng of 19-OH

PGF amd 70pg pf PGF2a are also bound. In comparison to that for the E

prostaglandins, the ratio here is almost exactly equal to that seen in the
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seminal plasma (ratio = 13:1). Changes in the ratios between E's and Fs

are also interesting. It can be seen that 19-OH PGF binds at a level of

about one third of that seen for 19-OH PGE, while the ratio in the seminal

plasma for these two compounds is 8:1. PGE and PGF2a bind in equivalent

amounts. This is an unusual situation, especially in light of the fact that

PGF^a has on several occasions been shown to be detrimental to sperm

motility (Cohen et aJ., 1977; Schlegel et aJ., 1981; Bygdeman et a]., 1985).

Increased affinities are again seen if the prostaglandin concentrations

bound are expressed as a percentage of the toted concentrations seen in

seminal plasma. At least at the second wash, the percentage of F

prostaglandins bound is greater that the percentage calculated for the E's.

This difference is, however, reduced by a further washing. These results

suggest that the affinity of the PGF's for their sperm membrane receptors

is much greater than that of the PGE's. As an antagonistic action of PGF

on motility has been described, one might reasonably expect that the

greater the ratio of E/F within the seminal plasma, the less would be the

chance that the Fs would influence sperm In an inhibitory manner. This

hypothesis becomes much more appealing when it has been shown that

19-OH PGE (Bygdeman ct al., 1985) and PGE (Aitken and Kelly, 1985) have

an opposite, stimulatory effect on sperm motility. The effects of

prostaglandins on motility will be discussed fully in the next chapter.

With respect to the bound prostaglandin results, the suggestion

seems to be that PGF binds to its receptor with a greater affinity than

PGE. What these results cannot tell us is whether all receptors binding F

prostaglandins produce the same physiological effects. It may be that some

F prostaglandin binding is advantageous to the cell, while binding at other

sites or on other populations of receptors causes the decrease in motility.

Only further investigation will clarify this point.

The fact that washing the sperm 3 times can continue to decrease the



124

amount of bound prostaglandin in the RIA study suggests that washing

does remove bound substances. An alternative explanation, however, could

be that the [14CI inulin method of estimation of associated seminal

prostaglandin is not accurate enough when the volume of plasma surrounding

the sperm becomes very low. The use of radioactively labelled inulin as a

marker of extracellular volume is common (see Harrison, 1976 for other

references to its use in determining the efficiency of sperm washing

methods). If the only aim is to show that the volume of some extracellular

fluid has been reduced to insignificant quantities, then this method will

suffice. In the case of seminal plasma, however, because of the enormous

concentrations of prostaglandin, even nanolitre quantities will leave

measurable amounts of prostaglandin surrounding the sperm. It may be

that a more accurate method of extracellular fluid determination will need

to be devised if an RIA technique is to be used again to determine

membrane associated prostaglandin. As a general point, these results

suggest that if experiments are to be carried out where substances are

incubated with sperm over a period of time, it is more likely that a positive

result will be obtained if the sperm are initially washed at least three

times.

The RIA results can be used in order to determine whether sufficient

prostaglandin could be bound to sperm to explain suggested increases in

seminal plasma prostaglandin levels in cases of oligozoospermia (Hawkins

and Labrum, 1961; Bendvold et ad., 1985a) or decreases with polyzoospermia

(Kelly ct ad., 1979; Srivastava et ad., 1981; Svanborg et al., 1983). If we take

the total amount of prostaglandin bound at the third wash, it can be seen

that about 2ng of prostaglandin are bound per million sperm. In a

polyzoospermic sample with greater than 300 million sperm per ml we

might expect only about 600ng of prostaglandin in total to be bound per

ml of sperm. If the total prostaglandin concentration within the seminal
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plasma is somewhere in the region of 350-400ng/ml, then the percentage

of prostaglandin which would be associated with the sperm, and therefore

unavailable to assay, would be small (0.15-0.2%). It seems unlikely then

that prostaglandin binding in cases of polyzoospermia or oligozoospermia

could explain the huge changes in prostaglandin levels seen within seminal

plasma. This is an important factor in that several studies have set out to

determine whether the actual assayable levels of prostaglandin within the

seminal plasma can give some indication as to the functional capabilities

of the spermatozoa themselves, for example motility (Isidori et al., 1980;

Schlegel et al., 1981; Svanborg et al., 1983; Cosentino et aJ., 1984a; Freixa et

aJ., 1984). Obviously, if sperm could bind prostaglandins to a significant

extent, then the seminal prostaglandin levels would depend upon the

density of the spermatozoa within the ejaculate, therefore ruling out any

other possible correlations. In this case, the sperm and not the seminal

plasma would need to be assayed. As only small quantities of prostaglandin

are bound to sperm, this indicates that estimation of seminal prostaglandin

levels and their correlation to sperm function may be a valid technique

(see Chapter 5).

Bendvold et al. (1984) noted that seminal plasma prostaglandin

concentrations only varied to any great extent in those samples where

sperm characteristics were also markedly changed. Although our results

did not suggest that the dramatic changes in prostaglandin levels could be

correlated with prostaglandin binding to sperm, intra-individual differences

in seminal prostaglandin levels did seem to occur in conjunction with

changes in semen parameters such as density. Such a situation had

previously been suggested by Kelly et al. (1979) when they predicted that

some linking factor might simultaneously change both density and

prostaglandin levels.

Our studies with consecutive samples from the same individuals showed
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that in cases where there was either a greater than 50% rise or fall in

sperm density, E prostaglandins tended to be lowered while F prostaglandins

rose. In neither case, however, were any differences significant. Overall, a

decrease in sperm density was associated with a lowering of 19-OH PGE

levels, with a simultaneous increase in PGF2a levels. An increase in sperm

density on the other hand was usually connected with decrease in PGE

concentrations and an increase in levels of 19-OH PGF. It seems unlikely

that these results might be explained on the basis of some factor influencing

the ejaculatory process as individual prostaglandin levels seem to be

changing. Although, as was mentioned previously, if the individuals in the

study had not stuck rigidly to the 3 day abstinence rule, then a reduction

in both sperm and prostaglandin content of the semen might be expected.

To get round this problem, it would be useful if the time interval since

the last ejaculation was recorded. This would at least confirm the presence

or absence of an abstinence effect. What might be more likely is that

some perhaps stressful situation is the cause of both changes, possibly

independently.

Many attempts have been made to find correlations between total

sperm numbers and seminal prostaglandin concentrations without success.

More specific studies have looked for correlations between the percentage

of abnormally formed sperm within the ejaculate, although in many cases

no correlation was found (Asplund, 1947; Hawkins and Labrum, 1961;

Bygdeman et al., 1970; Collier et aJ., 1975). Recently however, Cosentino et

aJ. (1984a) suggested that a particular sperm abnormality, that of tapered

sperm heads, might be positively correlated with the concentration of

PGF2a within the seminal plasma. They proposed that high PGF2a levels

could be related in some way with impared testicular function. A possible

explanation was that the germinal epithelium of the testis was responding

to a stressful condition, encouraging sloughing of immature spermatids,
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while increasing PGF2a production by the seminal vesicles at the same

time. A similar non specific factor might also bring about the changes in

prostaglandin levels associated with sperm density fluctuations.

Our results suggest that, whatever the influence causing the specific

density changes, individual prostaglandin changes are often simultaneously

produced. The prostaglandin effects may be brought about through

stimulation or inhibition of the pathways leading directly to the production

of specific prostaglandins, or perhaps that conditions become more

favourable to produce certain prostaglandins over others.

Prostaglandin production is testosterone dependent (Skakkebaek et a].,

1976). These workers showed that treatment of hypogonadal men with

testosterone stimulated the production of 19-OH PGE in a more pronounced

manner them PGE. This led Kelly (1978) to hypothesise that testosterone

might be capable of directly influencing the production of prostaglandins

rather than merely stimulating seminal vesicle proliferation. Certainly,

changes in testosterone levels could influence both sperm production as

well as prostaglandin concentrations, but severad studies have suggested

that all prostaglandin levels might not be influenced in an exactly identical

manner. Collier and Flower (1971) found that in individuals undergoing

aspirin treatment, PGE's returned to control levels after an initial reduction,

while PGFs did not. From these results they suggested that the mechanisms

controlling the concentrations of both prostaglandins might be different.

In a similar study, Bendvold et al. (1985b) noticed that during treatment of

individuals with the non-steroidal anti inflammatory drug naproxen, minimum

levels of PGE and PGF2a were reached more rapidly than for 19-OH PGE

and 19-OH PGF, again suggesting independent pathways for production.

It seems likely that seminal prostaglandins and other sperm parameters

may be influenced in an interrelated manner. Individual differences in

prostaglandin levels caused by some factor are implicated, but at the
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moment we are not in a position to say what exactly the inducing factor

might be.

Although the initial aim of the incorporation of arachidonic acid

experiments was to determine whether human sperm produced prostaglandins,

they provided a great deal of information pertinent to both the specialization

of structure and functioning of sperm.

Sperm have a very precise role, that is to carry genetic material from

the male, to the oocyte of the female. It is not surprising then that such

specificity of function has meant that mammalian sperm have become

highly modified cells. Sperm are devoid of most of the organelles; the

ribosomes, nucleoli, endoplasmic reticulum and golgi apparatus that are

generally associated with ongoing metabolism and maintenance in other

cell types (Phillips, 1975). Any organelles which are retained by the

spermatozoa are generally highly modified, and arranged in such a way as

to be consistent with sperm motility and fertilizing capacity. These

structures, such as mitochondria are fixed, and do not move around within

the cell.

In most cells, membrane phospholipids and sterols are synthesised

from cytosolic precursors largely by membrane bound enzymes exposed at

the cytoplasmic surface of the endoplasmic reticulum. Newly synthesised

lipid molecules are then incorporated first into the cytoplasmic half of the

lipid bilayer with some of them subsequently translocated to the outer

leaflet. Here, translocation using specialised transfer proteins may provide

some selectivity which could contribute to an assymetric distribution of

lipids across the membrane. Many cell membranes contain phospholipases

which can remove acyl groups from either the 1 or 2 position of

phospholipids. Acyl transferases which reattach fatty acid groups onto

these positions may also be present. Using these enzymes the cell can

carry out further lipid modifications.
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Sperm do not contain endoplasmic reticulum, and so de novo synthesis

of lipids with their transport into membranes cannot take place. The sperm

membrane might then be considered as a highly specialized structure which

is incapable of any self maintenance. This membrane, however, does not

remain in the exact state in which it was first assembled in the testis as

several regulating enzymes have been identified, and lipid changes do occur

throughout the sperm's existence. During maturation of sperm through the

epididymis, for example, there is an increased net negative charge over the

sperm membrane (Hammerstedt et a/., 1979) possibly caused by sterol

incorporation. This causes a decrease in membrane fluidity (Mercado and

Rosado, 1976). A reduction in specific classes of lipids and fatty acids also

takes place. The membrane levels of phosphatidylethanolamine of the ram

for example are reduced during transit through the epididymis and there is

a move from predominantly phospholipid bound palmitic acid to increased

incorporation of the polyunsaturated fatty acid, decosahexaenoic acid (Parks

and Hammerstedt, 1985).

Within the female reproductive tract, sperm undergo an essential

transformation in that a change in their functional state occurs over several

hours which allows fertilization to procede. The need for this process,

normally termed capacitation, has been recognised for at least 30 years

(Austin, 1951; Chang, 1951). Capacitation can be thought of as a means of

regulating the occurrence and timing of the vesiculation event, the acrosome

reaction, a mechanism which in other groups of animals is normally governed

by the presence of the egg (Epel & Vacquier, 1978). During capacitation,

lipid changes can also be seen to occur, as the negative charge which was

built up during epididymal maturation is reversed (Vaidya et al., 1971). The

sterol: phospholipid ratio decreases (Davis et al., 1979, 1980; Davis, 1981)

thereby increasing membrane fluidity and permeability, this being accompanied

by a rearrangement of intrinsic proteins, some of which are associated
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with specific phospholipid types (O'Rand, 1979).

Capacitation, by increasing membrane permeability, allows mammalian

sperm to undergo the acrosome reaction, a series of point fusions between

the plasma membrane and the outer acrosomal membrane beneath it. These

point fusions cause gaps through which the acrosomal contents can diffuse

(for reviews see the introduction to this chapter). This arrangement allows

the acrosomal contents to be released while retaining much of the plasma

membrane overlying the acrosome with its putative receptors for binding

to the zona pellucida of the egg.

Preceding the acrosome reaction, the plasma membrane at the tip of

the sperm head is rich in anionic lipid which increases membrane permeability

(Bearer and Friend, 1981). By contrast, the plasma membrane in the equatorial

segment has much lower concentrations of anionic lipid. Consequently, the

acrosome reaction is limited to the membrane overlying the rostral region

of the acrosome, progressing laterally only as far as the anterior margin

of the equatorial segment where fusion between the outer acrosomal and

plasma membrane ensures continuity of the sperm head surface.

Just prior to the acrosome reaction, lateral mobility of proteins occurs

in the plasma membrane and outer acrosomal membrane overlying the

anterior acrosome. Here, the sperm display membrane clearances of protein

particles (Friend et aJ., 1977) in particular at the border of the equatorial

segment where fusion with the plasma membrane is essential for the

integrity of the cell. These lipid clearances are thought to interact either

directly or indirectly with calcium (Papahadjopoulos, 1978) inducing phase

transitions into crystalline and non crystalline domains between which

unstable regions would promote fusion.

Changes within the plasma membrane do occur of necessity then, and

this membrane itself might be considered as a specialised organ, vital to

the functioning of the sperm within both male and female reproductive
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environments. Although sperm are not capable of cytosolic lipid synthesis

and translocation into the membrane, enzymes present within the membranes

have been identified which can modify lipids in a precise fashion. One such

example is phospholipid methylation.

Phospholipid methylation is the formation of phosphatidylcholine (PC)

from phosphatidylethanolamine (PE), via the synthesis of phosphatidyl

N-monomethyl ethanolamine (PNE), and phosphatidyl N,N-dimethyl

ethanolamine (PNNE). Phospholipid N-methyltransferase, the enzyme which

catalyses this reaction has been identified within mammalian sperm (Janson

and Sastry, 1981). Phospholipid methylation is a way of increasing membrajie

fluidity, and it is thought to occur during capacititation and/or the acrosome

reaction, as work by Meizel (1981) and Llanos and Meizel (1983) has shown

that transmethylation inhibitors such as homocysteine thiolactone and 3

diazadenosine can inhibit the acrosome reaction of hamster sperm.

The removal of specific sperm plasma membrane components such as

sterol sulphates can lead to effective membrane destabilization during

capacitation. Human sperm for example, contain sulphated sterol in their

membranes, the predominant type being cholesteryl sulphate (Lalumiere et

al, 1976). These sterol sulphates are removed by sterol sulphatase, an

enzyme which has again been shown to be present within sperm membranes

(Langlais et al., 1980, 1981; Langlais and Roberts, 1985).

Finally, as was indicated in the introduction to this chapter,

phospholipases such as PLA2 have been shown to be present within many

species of sperm (see introduction for references). The molecular products

from this enzymatically catalysed reaction, the lysophospholipids and free

fatty acids, have been shown to be effective membrane destabilizers, leading

to the suggestion that PLA2 is a key enzyme in the acrosome reaction.

Other phospholipases, however, have been shown to be associated with

sperm membranes. Phospholipase C has been found in mammalian sperm
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(Srivastava et al., 1982) and it has been suggested that this phospholipase

might, with its formation of diglycerides from phospholipids, be capable of

causing lipid alterations essential to the vesiculation events of the acrosome

reaction without forming potentially damaging phospholipid derivatives.

Sperm also contain lysophospholipases (Langlais et aJ., 1982; Langlais and

Roberts, 1985), enzymes which might again reflect the sperm's capacity to

reduce the effective concentration of toxic lysophospholipids formed by

the action of PLA2.

Our experiments have shown that all of the human sperm samples

incorporated 114C1 arachidonic acid to some degree, although there was

considerable individual variation as to the amounts taken up. None of the

enzyme systems mentioned above is directly responsible for fatty acid

incorporation into human sperm phospholipids however, and there are no

references identifying suitable enzymes. Such incorporation is not restricted

to human sperm though as bovine sperm have been found to be capable of

incorporating [14C1 palmitic acid into their phospholipids and diglycerides

(Neill and Masters, 1971; Hamilton and Olson, 1976). Palmitic acid is a

saturated fatty acid (C16:0) and would be expected to be incorporated into

the 1 position of phospholipids, while the unsaturated fatty acid, arachidonic

acid (C20:4) used in our experiments would be incorporated into

phospholipids at the 2 position. Both incorporation results suggest however

that sperm have retained one or more acetyl Co A: lysophosphoglyceride

enzymes normally found in other mammalian cell membranes.

Following the initial uptake period, several samples (Figure 4.6) showed

a further incorporation of labeled arachidonic acid at 3 hours, although

individual samples showed that this peak could occur between 2 to 4

hours of incubation. It is possible that this increase in arachidonic acid

uptake might reflect some aspects of sperm capacitation. As far as the

timing is concerned, the fertilizing ability of human semen samples assayed
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by zona free hamster egg penetration tests has been shown to vary

considerably with increasing incubation time, each donor retaining a unique

capacitation period (Perrault and Rogers, 1982). These workers suggested

that capacitation occurred in synthetic media after an incubation period of

2-6 hours, results which were confirmed by Aitken et aJ. (1983c) who

identified the optimal time for the capacitation of human sperm in BWW

medium as 3 hours. This suggestion of an optimal capacitation time of 3

hours fits in well with the mean peak incorporation levels of [14C]

arachidonic acid seen in some of our samples.

Meizel and Turner (1983a, 1983b, 1984) showed that the addition of cis

unsaturated fatty acids, albeit at a concentration of 25-50pg/ml could

significantly stimulate the acrosome reaction of hamster sperm. It seems

unlikely that either capacitation or the acrosome reaction are stimulated in

our experiments, however, as the amount of arachidonic acid added as

label was much less than was used in the above experiments (approximately

6pg/ml), and also an increased uptake was not seen in all samples. The

peak, when it occurs, might give some indication as to the intense membrane

modification taking place during capacitation, its absence in other samples

reflecting inter-individual differences in incubation needed for capacitation

to occur.

In order to simulate the acrosome reaction and observe the effects of

this sequence of events on [14C1 arachidonic acid incorporated into the

sperm membrane, sperm were treated with the calcium ionophore A23187.

It was initially shown that the guinea pig acrosome reaction was calcium

dependent (Yanagimachi and Usui, 1974) and since then many studies have

indicated that A23187 could chemically induce the intracellular calcium

increases normally seen during the acrosome reaction (Green, 1978b; Talbot

et al., 1978; Russell et aJ., 1979; Shams-Borhan and Harrison, 1981; Aitken et

a]., 1984; Irvine and Aitken, 1986). The results from our studies indicate
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that arachidonic acid was released from both control and ionophore-treated

cells. It is likely that this reflects the intense and constant remodelling of

the sperm membrane. The A23187 cells, however, gave a significantly

greater reduction in sperm arachidonic acid content than the controls, and

it is possible that what we are seeing here is the loss of lipid from the

acrosomal membranes after vesiculation has taken place. Results similar

to those described in this chapter have recently been obtained by Bennet

et al. (1987).

Ultimately, the point of these experiments was to determine whether

labelled arachidonic acid incorporated into the sperm lipids could be released

by PLA2 and subsequently converted to prostaglandins. In the human

(Aitken and Kelly, 1985) and hamster (Joyce et al., 1987), prostaglandins

were shown to be able to stimulate the acrosome reaction. A system

whereby one aspect of the membrane destabilization process, the release

of free fatty acids, some of which, (arachidonic acid) are then converted to

prostaglandins, thus further stimulating the membrane destabilization

process in an exponential manner seems extremely logical as the acrosome

reaction is known to be an "all or none" event. This idea was further

supported by the fact that cyclooxygenase inhibitors could prevent the

acrosome reaction (Nuzzo et al., 1983; Joyce et al., 1987) and that PGE could

overcome to some extent any inhibitory effects from these compounds

(Joyce et al., 1987).

On problem, however, is that cyclooxygenase enzymes are usually

present within the microsomal fractions of cells. Generally, such

microsomal vesicles are made up of a mixture of small membrane vesicles

and fragments of a somewhat variable nature. These vesicles may already

exist within the cell or otherwise from other extended membrane systems

such as the endoplasmic reticulum, plasma membrane or golgi apparatus

during homogenization. As spermatozoa contain neither endoplasmic
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reticulum nor golgi apparatus, for prostaglandin synthesis to occur

cytoplasmic microsomes must exist. Such a system would, however, mean

that the arachidonic acid released from the membrane lipids enters these

cytoplasmic microsomes for conversion to the PGs after which these newly

formed prostaglandins return to the membrane to further stimulate

destabilization.

Non steroidal, antiinflammatory drugs (NSAIDs) were first shown to

be able to inhibit prostaglandin production from several biological systems

in the early 1970's (Ferreira et a/., 1971; Piper and Vane, 1971; Smith and

Willis, 1971; Vane, 1971). Linked to the identification of cellular

cyclooxygenase enzymes, and with a knowledge of normal prostaglandin

producing capacities of various biological systems, NSAIDs have been used

as very potent tools both experimentally and clinically. The problem with

the sperm cyclooxygenase inhibition experiments is that the conclusions

drawn (sperm can produce prostaglandins) depend entirely upon inhibitor

addition and/or its reversal by the prostaglandins themselves. Without

question, these results would become more meaningful had sperm from a

greater species range been shown to contain cyclooxygenase enzymes, or

that prostaglandins could be produced by sperm. Only one study, that of

Irvine (1982) has shown that sperm might contain cyclooxygenase enzymes,

and furthermore, only two studies to date have attempted to detect

prostaglandin synthesis by human sperm (Schlegel et al., 1981; Bennet et

al., 1987), suggesting that none were produced. In the light of these facts,

alternative explanations for the cyclooxygenase inhibitor results need to be

drawn.

The majority of NSAIDs are competitive, irreversible enzyme inhibitors

which prevent the first step of the cyclooxygenase mediated metabolism of

arachidonic acid (Flower, 1974). Aspirin for example acetylates serine

residues at the active site of cyclooxygenase (Roth and Majerus, 1975),
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while indomethacin binds to the enzyme not at the substrate site itself,

but at a position which reduces the affinity of the enzyme for the substrate

(Lands et a/., 1973). If NSAIDs only worked in such a manner, then as far

as the sperm experiments are concerned, we might conclude that

prostaglandin production is necessary for the acrosome reaction to occur.

NSAIDs can, however, have different effects on cells, as they have been

shown to be capable of stabilizing lysosomes (Tanaka and Iizuka, 1968;

Brown and Schwartz, 1969; Ignarro, 1971) and thus preventing the exocytotic

release of their contents. As the acrosome itself has been likened to a

modified lysosome (Morton, 1976) a stabilization of the acrosomal membrane

by cyclooxygenase inhibitors would explain their inhibition of the mammalian

sperm acrosome reaction. The fact that Joyce et al. (1987) have shown that

prostaglandins can reverse NSAID inhibition of the acrosome reaction

becomes not a reflection of the sperm's ability to produce prostaglandins,

but an indication of the ability of polyunsaturated fatty acids to destabilize

membranes.

A similar situation exists with the idea that lipoxygenase enzymes

may be active within the sperm cell (Meizel & Turner, 1984). It seems

possible that 5 and 12 HETE may also be capable of destabilizing membranes,

but as no evidence is provided to suggest that they are produced by the

sperm, the lipoxygenase inhibitor evidence must be considered with some

reservations. One problem with the above author's experiments is that the

inhibitors used, NDGA and phenidone, inhibit both the cyclooxygenase as

well as the lipoxygenase pathways and so no clear indication of a

lipoxygenase production can be demonstrated. Additionally, as the

inhibitors are effective only in inhibiting the arachidonic acid induced

stimulation of the acrosome reaction, the idea described above of inhibitor

induced membrane destabilization would still seem likely.

The results presented in this chapter, as well as the interpretation of
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the work from other groups suggests that human sperm do not have the

capacity to produce prostaglandins. This is important in that if we are to

suggest that prostaglandins can influence either sperm motility, capacitation,

or the acrosome reaction the effects must be due to the binding of

prostaglandins from exogenous sources. Certainly, such sources do exist,

for example, seminal plasma (see Chapter 3), cervical mucus (Charbonnel

et al., 1982) and follicular fluid (Evans et al., 1983). It is possible that the

seminal prostaglandins can influence motility (see Chapter 5) while human

sperm have been shown to be able to penetrate the human zona pellucida

within only 1 hour of passing through a column of cervical mucus

(Overstreet et aJ., 1980), an effect which may be influenced by prostaglandins.

Additionally, it is possible that the prostaglandins synthesised and released

by the follicle could initiate or enhance the acrosome reaction close to the

site of fertilization. Some of these effects will be discussed in later

chapters of this thesis.

1. Binding of PGEj to both human ejaculated and ram epididymal sperm

was demonstrated, using a direct labelling technique.

2. Binding studies were confirmed by separate RIA experiments which also

detected significant concentrations of all of the four major seminal

prostaglandins on human sperm.

3. These binding results suggest that prostaglandins may affect

spermatozoa by direct receptor mediated association.

4. Prostaglandins of the F series appeared to have a greater affinity for

spermatozoa than E prostaglandins.

5. Considering the low concentrations of prostaglandin bound to sperm,

previous reports indicating that oligozoospermia was associated with

increased seminal prostaglandin levels, while polyzoospermia was
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associated with reduced levels with respect to normal samples could

not be confirmed.

6. Dramatic changes in semen parameters were often associated with

changes in prostaglandin concentration.

7. Arachidonic acid could be incorporated into the lipids of spermatozoa.

For some samples, peak incorporation occurred after 3 hours. This

may indicate increased turnover in sperm membrane lipids during

capacitation.

8. Although labelled fatty acid was released from sperm in control

samples, this release could be significantly stimulated if sperm were

exposed to the calcium ionophore A23187. This may reflect acrosomal

PLA2 activation.

9. Arachidonic acid released from human sperm after either 1 or 4 hours

incubation with A23187 was not converted to eicosenoids.



Chaptei 5

SEMINAL PROSTAGLANDIN LEVELS

AND HUMAN SPERM MOTILITY
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SEMINAL PROSTAGLANDIN LEVELS AND HUMAN SPERM MOTILITY

5.4 Ontzohcticn
The idea that prostaglandins might influence sperm motility is an

appealing suggestion, and one which has attracted much attention. As with

many other studies involving human seminal plasma, however, many of the

experimental conclusions drawn have often been contradictory although

when more recent research is examined, definite trends begin to appear.

Experiments which have been carried out in order to investigate

prostaglandin effects on motility can be broadly divided into 2 catagories:

(a) those in which a correlation was determined between seminal

prostaglandin concentrations and sperm motility.

(b) experiments in which prostaglandins were added to incubations of

washed ejaculated human sperm and an effect observed.

As far as correlation studies on seminal plasma and sperm motility

arc concerned, many groups have suggested that no direct relationship

exists (Asplund, 1947; Eliasson, 1959; Hawkins, 1968; Bygdcman ct al., 1970;

Frcixa ct al., 1984; Maier and Sinzingcr, 1985), results which arc very much

in keeping with observations that seminal plasma in general docs not

influence motility (Freund, 1962; Lindholmer, 1973; Lindholmcr and Eliasson,

1974).

Negative effects of prostaglandins on sperm motility have been

identified, however. In 1961, Hawkins and Labrum, studying a group of

infertile patients, showed that subnormal motility was often associated

with a high seminal prostaglandin concentration. More recently, Isidori ct

aJ. (1980) suggested that the trend between prostaglandin E levels and

sperm motility was not a linear one. They showed that a positive

or negative modification of either 19-OH PGE or PGE above or below

normal maximal or minimal values resulted in what these workers described
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overall as dyspermia, in particular with reduced sperm motility. From these

results they concluded that the morphofunctional requisites of the sperm

were dependent upon optimal prostaglandin titres. In 1981, however, Schlegel

et al. found that there was no correlation between measured seminal PGE

levels and any sperm parameter, including motility, although additional

experiments suggested that a prostaglandin effect was implicated, as

addition of 15 hydroxy prostaglandin dehydrogenase (an enzyme capable of

metabolising both E and F prostaglandins) to seminal plasma resulted in a

dramatic fall in sperm motility. As far as PGF2a was concerned, then-

results indicated that a significant negative correlation between the seminal

levels of this prostaglandin and sperm motility existed. Three years later,

Cosentino ct al. (1984a) suggested that PGE was the major prostaglandin

which could be used to predict sperm motility. Their results were

completely the opposite of those of Schlegel's group as, on examination of

their samples, PGF2a could not be correlated with sperm motility.

Over the past few years, a novel suggestion as to the relationship

between sperm motility and seminal prostaglandin levels has come from

Bygdcman's group in Sweden (Svanborg ct al., 1983; Bendvold ct al., 1984).

They showed that while PGE and PGF2a levels were similar in samples

with a WHO motility rating of < 2 when compared to samples with a

rating of 3, 19 OH PGE levels were significantly decreased (p <0.05), while

19-OH PGF levels increased (p <0.01). No difference could be seen in the

19-OH PGE/PGE ratio for the 2 groups, but the ratio of 19 OH PGE/19 OH

PGF was significantly higher if sperm motility was normal. Furthermore,

on examination of the 4 different 19 OH PGF compounds present in seminal

plasma, motility did not seem just to be related to an overall increase in

19 OH PGF, as 8(319 OH PGFj had the highest concentration value when the

motility was normal, whereas 19-OH PGF2a had its highest value in seminal

fluid with abnormal motility.
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Examination of the direct effect of prostaglandins on washed human

sperm has shown that addition of prostaglandins can be cither stimulatory,

inhibitory, or without effect. PGE, for example, at a concentration of

lOOjtg/ml, had no effect on ejaculated human sperm (Horton, 1965; Makler

e a/., 1980) while Eliasson ct al. (1968) and Garbcrs ct aJ. (1971) showed that

addition of physiological levels of prostaglandin did not influence cither

sperm metabolism or motility.

In 1978, Read and Schncidcn suggested that PGE's (25pg/ml) and PGF's

(5pg/ml) had a negative effect on sperm motility. Similar results were

obtained by Cohen ct al. (1977) although in their experiments,

supraphysiological (250|.ig/ml) concentrations of PGF2a were used to decrease

sperm motility. Concerning the 19 OH prostaglandins, Bygdeman ct al.

(1985) showed that 19 OH PGF addition to ejaculated human sperm but not

PGF2a could significantly decrease sperm motility and consequently cervical

mucus penetration.

One exception to the overall negative effects of F prostaglandins on

motility can be seen in the work of Eskin ct al. (1973). Using the same

concentration of PGF2oc (250tig/ml) as in Cohen ct al. (1977), these workers

suggested that this concentration of PGF2oc could significantly stimulate

cervical mucus penetration by spermatozoa, an effect directly opposed to

that described by Cohen and his coworkers.

Several studies have shown a stimulatory effect of E prostaglandins.

In 1985, Bygdeman ct al. increased human sperm motility and cervical mucus

penetration by addition of 19 OH PGE to the incubating medium. PGE was

without effect. These results were confirmed in part by Aitkcn and Kelly

(1985) who also showed that 19 OH PGE could stimulate human sperm

motility. This study suggested, however, that such a stimulatory effect

was not restricted to the 19 OH PGE's alone, as all of the major seminal

prostaglandins could influence motility in a positive manner. Finally. C><|i,n
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ct al. (1986) indicated tht the addition of 25(ig/ml of PGE2 to the incubating

medium was the most effective at stimulating the motility of washed

human sperm.

The intention of this introduction was to give an indication as to the

lack of consistency which exists in the available data concerning

relationships between sperm motility and prostaglandins. There arc several

possible explanations for the overall diversity of results both for the

correlation experiments and those in which prostaglandins were incubated

with washed sperm. Poor handling of the semen samples, with little regard

to possible prostaglandin degradation can certainly explain some of the

conflicting results, especially in the earlier correlation studies, while

inadequacies of medium composition for sperm incubation such as the

omission of added calcium, an ion thought to be essential for sperm motility,

may well have contributed to a lack of prostaglandin effect in the addition

studies (Eliasson ct al., 1968; Garbcrs ct al., 1971).

Taking an overall view, in consideration of the results from both

experimental designs, it is tempting to conclude that, in general, E

prostaglandins have the capacity to stimulate human sperm motility, while

F prostaglandins inhibit this semen parameter. The aim of this chapter is

to use the RIA's developed in the laboratory to measure the 4 major seminal

prostaglandins, and attempt to correlate both individual prostaglandin

levels and ratios with sperm motility.

Samples collected from the MRC Reproductive Biology Unit, Edinburgh

(Study A), were assayed using Method 1, outlined in Chapter 3. The diluted

seminal plasma was usually mcthyloximatcd within 1-2 hours of collection,

5.3 fAoiiiiaU and fiiethods
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although for this study no definite time delay was recorded. Following

assay, the results were split into 2 categories according to percentage

motility. Differences between those samples with greater than 50% motility

(n=31) and those samples with less that 50% motility (n=9) were examined

statistically using analysis of variance.

For the MRC samples, motility was determined both in the seminal

plasma after liquefaction had occurred, and after the sperm had been

washed in BWW. Once categorized into <50% and >50% motility, differences

in the pre and post motility were analysed by analysis of variance.

Samples collected from the Western General Hospital (Study B) were

assayed using Method 2, outlined in Chapter 3. These samples were

donations for the infertility clinic at the hospital and an exact time could

be given for the delay between ejaculation and the arrival of the sample at

the hospital. Aliquots of seminal plasma were methyloximated or pipetted

into cthanol upon arrival, all samples (100) being analysed for the 4 major

seminal prostaglandins. The number of samples was then reduced, selecting

only those for which the duration between ejaculation and methyloximation

was less than 120 minutes. The mean delay period for the remaining samples

was 62 - 30 minutes (mean - SEM). Additionally, all azoospermic samples,

all samples with zero motility at the time of collection, and all samples

with a percentage normal form value of less than 40% were excluded from

further analysis. Out of the 100 samples initially collected, 72 samples

were left for analysis. These samples were further split according to

motility and density as follows

GG = (n=37) good motility (>50%)

good density (>20 million/ml)

GP = (n=17) — good motility (>50%)

poor density (<20 million/ml)

PG = (n=9) poor motility (< 50%)
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good density (>20 million/ml)

PP = (n=9) — poor motility (< 50%)

poor density (<20 million/ml)

Multiple analysis of variance was carried out to determine any

statistically significant differences between the parameters measured for

each group. The parameters involved in the statistical analyses were:

volume; density; motility; 19 OH PGE , PGE; 19-OH PGF; PGF^a; 19 OH PGE/

/PGE; 19-OH PGF/PGF; 19 OH PGE/19-OH PGF; PGE/PGF; Total PGE; Total

PGF; Total E/Total F. The time from collection was also analysed between

each group.

Unfortunately, as with the previous chapter, no exact information was

available for the abstinence period before the sample was supplied. Because

of this it was assumed that the patients had taken note of the instructions

given to them and allowed 3 days free from sexual intercourse before

providing the sample.

5.4 TZesults

5.4.1 A

VARIARI.F MEAN SFM MIN MAX
ANOVA

PROBABILITY

VOLUME (ml) >so% 2.7 0.3 0.6 7.5 NS
<so% 2.2 0.3 0.8 4.2

DENSITY (106/ml) >SO%

<50%

86.8

4-5.3

9 5

14.2

17.0

8.0

326.0

132.0
p <0.05

MOTILITY (106/ml) >50% 63.0 1.3 52.0 82.0
p <0.001

<SO% 37,1 3.2 16.0 48.0

TABLE 5.1 Semen characteristics from the Study A samples
(>50% n=3l, <50% n=9)

Table 5.1 shows the mean values for the volume, density and motility

for the 40 samples, included in this study. As outlined in the materials and

methods, these results were split into 2 groups according to motility:



5.1 Relationship between the seminal 19-OH PGE concentration

and human sperm motility (Mean - SEM). Study A.

Jlqute 5.2 Relationship between the seminal PGE concentration and

human sperm motility (Mean - SEM). Study A.
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Jiguze 5.3 Relationship between the seminal 19-OII PGF concentration

and human sperm motility (Mean - SEM). Study A.

^f-L^ute 5.1 Relationship between the -seminal PGF concentration and

human sperm motility (Mean - SEM). Study A.
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(A) greater than 50% motility (n=31).

(B) less than 50% motility (n=9),

This catagorization was made irrespective of any other seminal parameter.

Because of the way in which the data were organized, it is not

surprising that motility was significantly different between the groups

(p < 0.01). The mean density, however, was also significantly reduced (p '0.05)

for those samples in which the motility was less than 50%, while mean

seminal plasma volume estimations were unchanged.

The results for the individual prostaglandins can be seen in Figures

5.1 5.4. Seminal 19 OH PGE concentrations (Figure 5.1) were significantly

lower (p '0.01) in the low motility group. The reduction in 19 OH PGE was

36% when the '50% motility group was compared with the >50% motility

group. A significant drop in PGE concentrations (p <0.01) could also be

seen in the group with lowered motility (Figure 5.2). In this ease, the

reduction was 41%. Unlike the E prostaglandins, however, neither 19 OH

PGF nor PGF were significantly different when both groups were compared,

although the PGF concentration in the <50% motility group increased by

30% (Figures 5.3 and 5.4).

Regarding the prostaglandin ratios, the 19 OH PGE/PGE and the

19 OH PGF/PGF ratios were not significantly different when the values for

both motility groups were compared (data not shown). The 19 OH PGE/

19 OH PGF ratio was, however, decreased by a factor of 55% in the low

motility group when compared with that in the higher group (Figure 5.5).

This difference was significant at a level of p <0.01. The PGE/PGF ratio

was also significantly decreased (p <0.01) in the <50% motility group, this

time by 41% (Figure 5.6). Additionally, when the total prostaglandin E/total

prostaglandin F ratios were examined there was an overall decrease (54%,

p ' 0.01) in the mean value for the poor motility samples (Figure 5.7).



5.5 Relationship between the 19-OH PGE/19-OH PGF ratio and

sperm motility (Mean - SEM). Study A.

5.6 Relationship between the PGE/PGF ratio and sperm motility

(Mean - SEM). Study A.
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Figure 5.5
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^Lqute 5.7 Relationship between the Total E/Total F ratio and human
sperm motility (Mean - SEM). Study A.
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5 A.2

Although the initial study using samples collected from Study A

provides evidence that seminal prostaglandin levels could be useful

predictors of sperm motility, alternative explanations of the data arc still

possible. As the results suggest that the ratio of E to F prostaglandins is

the main indicator of sperm motility, any factor which might alter the

prostaglandin levels would affect this ratio. That prostaglandin E's arc

unstable was outlined in Chapter 3, and so all available steps must be

taken in order to prevent prostaglandin breakdown and a false reduction in

the ratio from being measured. An exact knowledge of the time delay

between ejaculation and dcrivatisation is therefore essential, especially as

not all samples can be collected within the hospital. In an attempt to

minimize any influence prostaglandin degradation might have on the results,

only samples with a delay of less them 2 hours were included in Study B.

This was not taken into account in the Study A samples. The mean overall

delay for the study B samples was 62 - 30 minutes, a period which

Bcndvold ct al. (1984) suggested was adequate to allow spontaneous semen

liquifaction to occur, but which would not be long enough for significant

prostaglandin E breakdown.

Bendvold's paper is, however, a puzzling one if the idea of

prostaglandin breakdown over the first 3 hours or so is critically examined.

The problem lies in the method used to measure the E prostaglandins,

that is their conversion after acetone extraction to PGBs via alkaline

treatment. This step is followed by separation on a lipidcx 1000 column

and silica chromatography into the 19 OH PGBs and the PGBs, both of

which can then be quantitiscd via UV examination at 278nm. In their

materials and methods the authors state that ejaculates were collected in

tubes containing 15uM phcnylmcthylsulphonylfluoridc, a compound known

to be capable of inhibiting protease activity, and hence sperm coagulation.



^iquze 5.8 Mean percentage motility in the four groups (- SEM) analysed.

Density is considered normal if it is above 20 million/ml. The

percentage normal forms is greater than 40% for each group.

Study B.
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Figure 5.8
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Mean percentage motility in the four groups.
Density is considered as normal if it is above
20 million per ml. The percentage normal forms
is greater than 40% for each group.
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These samples were then subdivided into homogeneous fractions and stored

at room temperature. The prostaglandin concentration, they state, was then

determined at regular intervals for up to 3 hours. The results obtained

from this study, they suggest, did not show any change in prostaglandin

concentration during the first hours after ejaculation, and so, subsequent

samples were allowed to liquefy spontaneously.

Unfortunately, the authors do not suggest that any deviations from

normal assay procedure arc observed in this study. If, for example, some

PGE or 19 OH PGE breaks down to their respective PGB form during this

initial period, such breakdown would be masked, as, after alkali treatment,

all E prostaglandins would be expected to be converted to the B form. It

therefore docs not seem surprising that no prostaglandin differences were

observed with increasing time.

One interpretation is that for these phcnylmcthylsulphenylfluoride

experiments, the alkalization stage was ommitted. With this procedure,

then, any conversion of E prostaglandins to the B form would be picked

up and would later be subtracted from the overall value.

Coscntino ct al. (1984a) suggested that PGF2oc could be positively

correlated with the presence of abnormally formed spermatozoa (particularly

tapered sperm heads) within the ejaculate. Bearing this in mind, all samples

in which the normal forms was less than 40% were excluded from this

study. Additionally, all azoospcrmic and non motile samples were removed.

The remaining 72 samples were split into four main groups according

to motility and density as outlined in the materials and methods section

for this chapter.

The range of ejaculation dcrivatization delay times was 30 120 minutes

in all cases, while individual delay times (x - SD) were 60 - 26 minutes.

60 - 28 minutes, 75 - 29 minutes, and 63 4 36 minutes for groups GG. CP,

PG. and PP respectively. Within all groups, 70% of the samples had a delav



*^fiquze 5.9 Relationship between seminal 19-OH PGE concentrations and

motility for the four groups analysed (Mean - SEM). Study B.

^iquie 5.1Q Relationship between seminal PGE concentrations and motility

for the four groups analysed (Mean - SEM). Study B.
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Figure 5.9
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time of 60 minutes or less. There was no significant difference between

these delay times obtained for each group.

Splitting the samples in such a fashion also allows for any effects of

density on motility. With the Study A samples, the lower motility group

had a significantly lowered density, and it could be argued that density

and motility might be interrelated. Indeed, Rehan ct aJ. (1975) have shown

that there is a definite positive relationship between human sperm density

and motility. With the Study B samples, not unexpectedly the poor density

groups had significantly lower sperm concentrations than the normal (good)

density groups. There was no significant density difference between either

of the good density groups or cither of the poor density groups (see Table

5.2). Similarly, motility was not significantly different within the good or

poor groups, but was different between good and poor motility groups

(see Figure 5.8).

PARAMETER MEAN SEM MIN MAX

GG 2.8 0.2 0.5 6.3

VOLUME GP 3.8 0.5 1.2 8.0

(ml) PG 2.0 0.3 l.O 4.0

PP 3.2 0.8 1.0 9.0

GC 83.2 9.5 28.0 24S

DENSITY GP 11.9 1.3 l.O 20.0

(106/ml) PG 68.2 9.6 24.0 111.0

PP S.l 1.7 l.O 14.0

GG 63.0 1.6 50.0 80.0

% MOTILITY
GP 56.S 2.3 50.0 70.0

PG 12.0 4.3 l.O 30.0

PP 12.2 4.9 2.0 30.0

TABLE 5,2 Study B samples — semen characteristics.
All samples have a % normal forms of
greater than 40%.

GG = good motility (>50%)/good density (>2Qxl06/ml)
GP = good motility (>50%)/poor density (<20xl06/ml)
PG = poor motility (<50%)/good density (>20xl06/ml)
PP = poor motility (-50%)/poor density (<20*106/ml)

The relationships between the individual prostaglandin concentrations

and motility can be seen in Figures 5.9 - 5.12. Figure 5.9 shows that there

was no significant difference in 19 OH PGE concentrations between the



^figure 5.11 Relationship between seminal 19-OH PGF concentrations and

motility for the four groups analysed (Mean - SEM). Study B.

5.12 Relationship between seminal PGF concentrations and motility

for the four groups analysed (Mean - SEM). Study B.
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groups. The samples with poor motility and good density (PG) had the

lowest 19 OH PGE eonccntration (14% lower than the GG group what

might be considered as the control group), a similar situation to the result

obtained in Study A, although in this case the reduction was not found to

be significant.

PGE concentrations within the groups can be seen in Figure 5.10.

Again, there was no significant difference between the groups although the

poor motility/good density (PG) group was reduced by approximately 50%

when compared with the good motility/good density (GG) group. There

was no significant difference in 19 OH PGF or PGF concentrations between

any group.

No significant difference could be observed between the 19-OH PGE/

PGE or 19 OH PGF/PGF ratios (data not shown). The results for the 19-OH

PGE/19 OH PGF ratio for this study arc illustrated in Figure 5.13. If the 3

remaining groups arc compared with the ratio obtained for the good motility/

good density group (GG), it can be seen that all ratios arc reduced. The

greatest reduction occurs in the group with poor motility and good density

(PG). Unfortunately, as was the case with the PGE values, the range of

this ratio was such that even after log transforming the data, the value

obtained was not significantly different from that in any of the other

groups.

The ratios for PGE/PGF arc shown in Figure 5.14. Here the ratio

obtained for the poor motility/good density group (PG) was significantly

reduced when compared to that of all of the other groups (p <0.01). When

the total prostaglandin E/total prostaglandin F ratios are examined (Figure

5.15) there is a significant reduction in the ratio for the poor motility/good

density group (PG) when this is compared to that of the good motility/good

density group (GG) (p <0.05). The reduction in the total E/F ratio seen for

the poor motility/good density group (PG) in comparison to the other two



^iquze 5.13 Relationship between the 19-OH PGE/19-OH PGF ratio and

motility for the four groups analysed (Mean - SEM). Study B.

5.m Relationship between the PGE/PGF ratio and motility for the

four groups analysed (Mean - SEM). Study B.
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groups approaches significance (GP p = 0.08 and PP p = 0.14) but docs not

quite attain it. The good motility/poor density group (GP) and the poor

motility/poor density group (PP) are not significantly different from the

good motility/good density group (GG).

If we are to suggest that prostaglandin ratios are cm important

indicator of sperm motility, it would be useful to have values for these

ratios below which it might be expected that a reduced motility would be

seen. Obviously, a much better idea of ratio "cut off" values would be

obtained with as large a sample size as possible. Even if the results

obtained from Study B arc considered, however, providing an arbitrary cut

off for each ratio does uncover some interesting additional information. If

a cut off value for the 19-OH PGE/19-OH PGF ratio is taken as 10, a figure

slightly above the mean ratio for the poor motility/good density (PG)

group, 44% of the ratios obtained within this group were above this figure.

Comparing this to the good motility/good density group (GG), 64% of the

samples have a ratio of greater than 10. If the PGE/PGF ratios arc examined

for the same groups against a cut-off ratio of 15 for example, then 61% of

the ratios in the good motility/good density group (GG) were higher than

this value, while in the poor motility/poor density group (PG) only 11% of

the ratios were above this value. If this PGE/PGF cut-off ratio is further

reduced to 11, a value slightly above the mean obtained for the PG group,

then only 22% of the poor motility/good density (PG) samples arc

above this value, while 70% of the good motility/good density (GG) samples

arc higher than this ratio.

Finally, if the cut-off for the total prostaglandin E/total prostaglandin

F ratio is taken as 11 then of the good motility/good density group samples

(GG). 69% are greater than this ratio while the poor motility group (PG) has

only 44% of the samples higher them this figure.



^Lguie 5.15 Relationship between the Total E/Total F ratio and motility

for the four groups analysed (Mean - SEM). Study B.



Figure 5.15

* = p < 0.05

GG GP PG PP

GROUP

Relationship between the ratio TOTAL PGE/TOTAL PGF
and motility in the four groups.



161

5.5 Conclusions
The results of both studies outlined in this chapter were examined

and assessed individually, as different collection methods were employed,

and also the levels of 19-OH PGF were measured using an entirely different

procedure. Additionally, the density in the low motility samples obtained

from Study A was significantly lower than that seen in the high motility

group, a fact which could not be disregarded as Rchan ct aJ. (1975) had

previously suggested a direct negative relationship between sperm motility

and sperm density. One further reason for not combining the two sets of

data is that, although every attempt was made to derivatisc the samples

as quickly as possible, no exact time delay could be given for the period

between ejaculation and their eventual derivatisation.

With the samples from Study B, by categorizing them in the way

outlined in the materials and methods section, those with good motility/

good density become what might be considered as a control group, while

the other 3 groups have cither significantly lowered motility, density, or

reductions in both parameters. This allows a determination of the

correlation between density and motility. Unlike the MRC study (Study A),

the time period between ejaculation and dcrivatization is known for each

sample. For all groups, this period was approximately 60 minutes, a time

span which had been previously shown to be capable of allowing

spontaneous liquefaction of the sample to occur without significantly

affecting the prostaglandin concentrations (Bcndvold ct aJ., 1984). The

maximum delay for any sample was 2 hours, so it can be assumed that

little E prostaglandin degradation had taken place.

The experiments of Rozin (1960, 1961), Lindholmer (1974) and van der

Ven (1983) showing that seminal plasma could influence sperm motility

(sec Chapter 4 for full discussion) in that washing sperm cither had a

negative, a positive, or no effect on sperm motility indicates that some
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factor(s) within the seminal plasma are potentially capable of modulating

sperm motility. Additional evidence that components of the seminal plasma

were capable of influencing sperm motility was obtained from Study A.

Comparison of the pre and post wash sample motilities for the '50%

category showed a significant (p<0.05) increase in this parameter following

washing. The mean increase for these samples was found to be 13 ± 5%

(mean *■ SEM). For the samples with >50% motility, the overall post wash

motility was reduced (p • 0.05) when compared with the initial pre wash

figures. In this case, the average reduction was 6 * 1.4% (mean * SEM).

Evidently then, some factor(s) within the seminal plasma arc capable

of inhibiting motility, although this effect seems to be reversible, as

washing the sperm free of the plasma increases motility in the majority

of the cases. Similarly, some factor(s) within the seminal plasma arc capable

of increasing motility as washing the sperm significantly reduces this

parameter.

As early as 1974, Lindholmcr suggested that a factor or factors of

vesicular origin within the seminal plasma were capable of reducing motility.

As prostaglandins arc known to be formed in and released from the

seminal vesicles, their potential as modulators of motility was soon

recognised.

The results from both studies examined in this chapter suggest that

seminal prostaglandins can be used as significant predictors of sperm

motility. While the majority of other studies have usually only compared

PGE and sometimes PGF^a levels with motility, the 19-hydroxylated

prostaglandins have been disregarded. All four of the major seminal

prostaglandins have been measured in these studies, and the relationships

of the individual levels as well as the prostaglandin ratios to sperm motility

examined.

A reduction in prostaglandin E levels, particularly PGE can normally
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be detected in samples with reduced motility, while neither 19-OH PGF nor

PGF2a show any significant fluctuations which can be related to either

increases or decreases in this parameter. Both 19-OH PGE and PGE are

significantly reduced when the samples in the low motility group of Study

A arc compared with those from the high motility group.

In Study B, however, if the good motility/good density group (the

control group) is compared with the poor motlity/poor density group, no

significant differences in either the mean 19-OH PGE or PGE levels are

seen, although the PGE concentration was reduced by 50%. These results

arc broadly comparable to the results obtained by Cosentino et al. (1984a),

who suggested that PGEj but not PGF2a could be positively correlated

with sperm motility within the human ejaculate.

Examining the 19-OH prostaglandin results more closely, Byygdeman

et al. (1985) suggested that 19-OH PGE was significantly reduced (p <0.05)

in samples with a low WHO motility rating (<2) while 19-OH PGF was

increased. The results described in this chapter show that 19-OH PGE has

a tendency to be reduced (significantly reduced in one study) when motility

within the ejaculate was less than 50%, but no rise in 19-OH PGF levels

was observed.

It must be remembered that what we are looking at here are purely

correlation data. The fact that E prostaglandins have a tendency to be

reduced in samples with reduced motility might simply mean that some, as

yet unknown, factor is reducing both parameters. Obviously, with the

knowledge gained in Chapter 3 that prostaglandins do become strongly

associated with sperm membranes, it is tempting, especially when

considering the data obtained from other laboratories, to suggest that a

direct relationship between the seminal plasma levels of E prostaglandin

and motility exists. The results obtained here would then be consistent

with the idea that washing sperm free of seminal plasma and consequently
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PGE would reduce motility. As neither 19-OH PGF nor PGF2a levels were

seen to change in either study, the obvious conclusion then would be that

these prostaglandins had no effect on motility.

The idea of a threshold level for E prostaglandins below which a low

sperm motility rating would be expected is appealing, but the range of E

prostaglandins in good motility samples reaches values which are invariably

as low as those in the poor motility samples. In such a situation, the

ratio between the E and F prostaglandins could be critical, making the

absolute value for any individual prostaglandin to some extent unimportant

without reference to the other major PGs. Recently, it has been suggested

that a low 19-OH PGE/19-OH PGF ratio is often correlated with poor sperm

motility (Svanborg ct al., 1983; Bcndvold et al., 1984). While these results

again only indicate a correlation and do not predict direct prostaglandin

effects, this group went on to show that addition of 19-OH PGE to human

sperm incubations could increase motility and cervical mucus penetration

while 19-OH PGF caused a decrease in these parameters (Bygdeman ct aJ.,

1985). It can be argued, then, that the ratio may not be considered as

purely a correlation, but as an assessment of the seminal prostaglandins'

ability to increase or decrease sperm motility.

It seems surprising, therefore, given that we have had a good

qualitative and quantitative idea of the prostaglandin content of seminal

plasma for approximately ten years, that it was not until the early 1980's

that an E:F prostaglandin ratio was implicated as the best seminal indicator

of motility (Svanborg ct al., 1983). A simple explanation for this fact is

shown in Table 3.1 in Chapter 3. Here we can see that over the past 25

years, only 4 groups have produced data from measurements of all the

main prostaglandins in human seminal plasma, while the majority of the

rest of the groups have measured only PGEs.

Considering the ratios between the prostaglandins outlined in this
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chapter, no differences between either the 19-OH PGE/PGE or 19-OH PGF/

PGF ratios were seen for any group. The 19-OH PGE/19-OH PGF ratio, on

the other hand, was significantly reduced in samples with low motility in

Study A, a factor which had been previously described (Svanborg ct al.,

1983; Bcndvold et a]., 1984). In contrast to this study, when the good

motility/good density group from Study B was compared with the poor

motility/good density group, no significant difference between the 19-OH

PGE/19-OH PGF ratio was measured although a reduction was observed.

This may well be due to the stricter method of sampling and catagorization

used in the second study. In fact, in a more recent paper, even the Swedish

group have failed to consistently find a significant reduction in the 19-OH

PGE/19-OH PGF ratio although a reduction did occur (Bendvold ct aJ.,

1987). A significant reduction in the PGE/PGF ratio was observed for both

studies, a factor which was not found in any of the data published by the

Swedish group.

Also included in Study B were the results from samples with good

motility but poor density. In comparison to the good motility/good density

group, no individual prostaglandin or prostaglandin ratio was significantly

changed. These results suggest that low density in itself may not have a

direct effect on, or be directly correlated with, motility.

It must be emphasised that this chapter has dealt solely with

correlations between seminal plasma prostaglandin levels and motility.

Although direct effects of prostaglandins on motility have been inferred

from previous results and references, none have been outlined specifically

in this chapter. Direct effects of prostaglandins upon human sperm

metabolism and motility will be examined in Chapters 7 and 8 of this

thesis.
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5.6 fpummaiy
1. If the motility of ejaculated sperm is low (<50%), it may be increased

by washing the sperm free of seminal plasma. Washing high motility

(>50%) samples in a similar manner may reduce this parameter.

2. Prostaglandins may be considered as a major sperm motility indicator,

as a reduction, particularly in PGE concentrations can be seen in

samples with ^50% motility. No similar changes in F prostaglandins

arc observed.

3. Reduced sperm density did not correlate with reduced motility.

4. The range of E prostaglandin levels in both <50% and >50% samples is

great. Samples with good motility may often have PGE levels as low

as those seen in the reduced motility group.

5. E:F prostaglandin ratios may provide a better correlation with sperm

motility. A reduction (although not always statistically significant) in

the 19-OH PGE:19-OH PGF ratio may be seen if <50% motility samples

are compared to those in the high motility group. Under the same

circumstances, a significant reduction in the PGE: PGF ratio was

observed.
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Chaptn 6

THE EFFECTS OF NON STEROIDAL ANTI INFLAMMATORY

DRUGS ON SEMINAL PLASMA PROSTAGLANDIN CONCENTRATIONS

AND SPERM MOTILITY
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THE EFFECTS OF NON STEROIDAL ANTI INFLAMMATORY DRUGS

ON SEMINAL PLASMA PROSTAGLANDIN CONCENTRATIONS

AND SPERM MOTILITY

6.1 Ontlohuction
In the previous chapter, the idea that sperm motility might be

correlated with the ratio between E and F prostaglandins and not upon

their absolute levels was discussed. An obvious way to prove the fact

that low levels of PGE are not related to reduced motility is to lower the

levels of seminal prostaglandins in vivo. This can be done by treating

individuals with non steroidal anti-inflammatory drugs (NSAlDs). The action

of these drugs on the inhibition of cyclooxygenase enzymes was discussed

in Chapter 4.

Over the last 17 years or so, NSAIDs have been shown to have the

ability to significantly lower the concentrations of seminal prostaglandins,

although until recently their effectiveness on influencing sperm motility

was not examined. In 1971, Collier and Flower treated individuals with

600mg of aspirin four times daily, and found that a significant reduction in

seminal plasma prostaglandin levels occurred. This fact led these authors

to suggest that prolonged treatment with aspirin could reduce male fertility.

The effectiveness of aspirin administration on influencing semen characteristics

was not measured. Two years later, Horton et al. (1973) demonstrated that

treatment of individuals with 7.2g per day of aspirin could suppress the levels

of seminal prostaglandins by 80%, results which were confirmed in the same

year by Jubiz and Frailey (1973). Again, although possible effects of a

reduction of prostaglandin levels on inducing infertility were discussed,

specific effects on semen parameters such as motility were not examined.

More recently, Freixa et aJ. (1984) treated individuals with lysine salicylate

(3600mg/day) and flurbiprofen (lOOmg/day). Both of these NSAIDs reduced
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E prostaglandins by approximately 25%. Although a significant reduction in

seminal prostaglandins was observed, it was found that administration of

these drugs had no effect whatsoever on any sperm characteristic. The

significance of prostaglandin ratios was not examined in this study.

In 1985, Bendvold and coworkers (1985b) gave 250mg of the non

steroidal anti-inflammatory drug naproxen to healthy individuals, 3 times

daily over a period of 14 days. Semen samples were obtained on days 0, 2,

7 and 14. During this 14 day treatment period, modifications in seminal

prostaglandins were seen, in that there was a significant decrease in all

four prostaglandins measured. All concentrations were found to return to

normal one week after the cessation of treatment. Although absolute

concentrations of 19-OH PGE and 19-OH PGF decreased following naproxen

administration, the concentration ratio between these two prostaglandins

did not change significantly, and neither sperm density nor motility were

affected. These results confirmed earlier findings that sperm motility

remained normal if the 19-OH PGE/19-OH PGF ratio was high (Svanborg et

al, 1983; Bendvold et a/., 1984).

Influences of NSAID treatment on semen characteristics including

sperm motility have been identified (Padron and Nodarse, 1979). In these

experiments, however, drug administration was usually maintained for an

extended period. In this study, 22 individuals with oligo and/or astheno

zoospermia were treated with indomethacin (25mg) 3 times daily for 2-3

months. It was found that 4-5 months after the indomethacin

administration was stopped, semen samples obtained from these individuals

showed an improvement in sperm density, morphology, and, in addition,

motility. A similar study was carried out by Barkay and coworkers in 1984.

This group studied the effects of prolonged NSAID treatment on sperm

characteristics. Employing a placebo control group as well as using

different doses of indomethacin administered over a two month period, they
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demonstrated that sperm motility as well as sperm concentration could be

significantly improved after indomethacin treatment. Paradoxically, these

improvements only occurred when a 25mg dose was administered either

twice or three times daily. If the same dose of indomethacin was given

four times a day, then indomethacin had no effect on motility or sperm

concentrations in spite of the fact that prostaglandin levels within the

seminal plasma were decreased to a similar extent to that seen with the

other two dose levels.

This chapter will deal specifically with the effects seminal plasma

prostaglandin changes induced by NSAIDs have on human sperm motility.

This study (Study C) was carried out in collaboration with Professor

E. Nieschlag's group at the Max Plank Clinical Research Unit for

Reproductive Medicine in Munster. The overall aim of the study was to

compare the effects on male reproductive function of oxaprocin, a recently

developed non steroidal anti-inflammatory drug with those of indomethacin

and a placebo control group.

34 healthy volunteers with normal semen parameters (WHO guidelines)

were recruited from the student population of Munster University.

Medication was given to the volunteers in a double-blind fashion, each

volunteer being allocated at random to either the placebo, oxaprocin, or

indomethacin group. All groups received 14 days worth of tablets, 3 tablets

being taken each day, in the morning, noon, and evening.

The placebo group comprised of 12 individuals, as did the oxaprocin

group, while the indomethacin group contained only 10 men. Those allotted

to the oxaprocin group received 600mg of oxaprocin (4,5-diphenyl-2-

6.3 fiUteiLals and fttetJwfo
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oxazoleproprionic acid, Weyth Pharmac., Munster, West Germany) in a

final, evening tablet, the morning and noon tablets being placebos. The

third group received a minimal therapeutic dose of indomethacin (75mg

l-(p-chlorobenzoyl)-5-methoxy-2-methylindole-3- acetic acid, Weyth Pharmac.

Munster, West Germany) in 3*25mg tablets.

Treatment for ail groups was carried out for 14 days. Semen samples

were collected at the beginning of treatment (PRE), after treatment had

ended (END), and 2 weeks after the cessation of treatment (POST). A

diagrammatical representation of the treatment regime using oxaprocin as

an example can be seen in Figure 6.1. Semen analysis was carried out

following WHO guidelines while, in addition to the conventional sperm

analysis, sperm motion was studies using a computerized image analysis

system.

All of the group co-ordination, drug administration, and semen analyses

were carried out in the Munster laboratories. The four major seminal

prostaglandins were assayed in Edinburgh using Method 2 described in

Chapter 3. These assays were carried out "blind" in that no knowledge of

which samples belonged to which group was given. While samples were

obtained for all time points from all 12 participants in the placebo group,

only 7 oxaprocin volunteers, and 6 indomethacin volunteers provided samples

for all time points. Statistical analyses were carried out only on those

samples for which all data were available. The statistical test used was

analysis of variance, but before analysis was carried out, all data were log

transformed.

In an experiment involving analysis of the effectiveness of a drug on

seminal plasma prostaglandin concentrations, it is important that

intra-individual variation in prostaglandin levels is relatively small. Results



6.1 Diagrammatical representation of the anti-inflammatory drug

administration schedule. Oxaprocin is outlined as em example.

The times at which the PRE (7 days), END (21 days) and POST

(35 days) semen samples were taken are indicated by the

arrows. Study C.
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from several groups have suggested that the variation in the concentrations

of the different prostaglandins is more pronounced between individuals than

between ejaculates from the same individual (Gerozissis and Dray, 1981;

Svanborg et aJ., 1982, 1983; Bendvold et a]., 1985b). The results from the

placebo section in this study suggest that the mean change in all of the

four major seminal prostaglandin levels intra-individually is approximately

25%, while the overall range inter-individually is greater them 50%. The

intra-individual variations in this study were larger them the 10% change for

all prostaglandins quoted by Svemborg and his coworkers (1982), but were

still considered low enough to suggest that any differences in semined

prostaglandins following NSAID administration were due to drug treatment,

emd not just random variation within individued samples.

Table 6.1 shows the volume, density, and % motility vedues at the

PRE, END and POST treatment time points for the 3 groups. These results

indicate that there is no significant difference at any time point for either

of these parameters in any group.

The sperm motility data for the placebo group are shown

diagrammatically in Figure 6.2. There was no significant difference in either

motility, velocity or lateral head displacement throughout the study. Motility

remained between 60-70% at all 3 sampling points.

Within the placebo group, no individual prostaglandin showed a

significant difference from initial concentrations. Additionally, although the

PGE/PGF ratio was high (approximately 60) it was not significantly different

from either the END, or the POST ratios. In comparison to the studies of

the previous chapter, the PRE 19-OH PGE/19-OH PGF ratio for the placebo

group was low (approximately 11). The samples from Study A with the

good motility outlined in Chapter 5 gave a 19-OH PGE/19-OH PGF ratio of

about 25, while in Study B, this ratio had a mean value of 16. One possible

cause for the lowering of the ratio in Study C is that the mean 19-OH PGF
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PLACEBO (N=12)
VARIABLE MEAN SEM MIN MAX

VOLUME (ml)

PRE 3.7 0.3 1.5 6.0

END 3.0 0.4 1.2 5.5

POST 3.7 O.S 1.0 6.5

DENSITY (106/ml)
PRE 76.9 9.9 40.0 157.0

END 68.4 16.3 1.2 220.0

POST lll.S 30.S 20.0 347.5

MOTILITY (X)

PRE 61.6 3.6 43.0 79.0

END 71.3 2.5 56.0 88.0

POST 70.8 2.3 56.0 86.0

OXAPROC1N (n=12)
VARIABLE MEAN SEM MIN MAX

VOLUME (ml)

PRE 4.1 O.S 1.5 7.0

END 2.8 0.4 O.S 5.0

POST 3.4 O.S l.O 6.0

DENSITY (106/ml)
PRE 62.9 10.1 28.0 162.0

END 60.6 14.1 0.2 162.5

POST 70.6 7.9 25.8 118.3

MOTILITY (%)

PRE 61.5 3.0 42.0 76.0

END 63.4 6.5 O 88.0

POST 63.6 4.1 37.0 81.0

INDOMETHACIN (n=10)

VARIABLE MEAN SEM MIN MAX

VOLUME (ml)

PRE 3.8 0.5 2.0 7.5

END 3.0 0.4 0.4 5.0

POST 2.8 0.5 0 6.0

DENSITY (106/ml)
PRE 74.4 17.9 30.8 237.0

END 78.2 17.7 O 202.0

POST 67.7 12.5 16.6 153.0

MOTILITY (X)

PRE 62.9 3.6 44.0 84.0

END 67.4 5.4 42.0 90.0

POST 64.8 3.0 51.0 77.7

TABLE 6.1

Semen parameters for the 3 groups in this NSA1D study (mean * SEM)



^Lqute 6.2 X motility, velocity (pm/sec), and lateral head displacement

((im) for the placebo group prior to treatment (PRE), at the

end of a 14 day treatment period (END), and two weeks

after treatment had stopped (POST).

(Mean ± SEM), Study C.
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Jig/Ate 6.3 Seminal 19-OH PGE and PGE concentrations for the placebo

group prior to treatment (PRE), at the end of the 14 day

treatment period (END), and two weeks after "drug"

administration had stopped (POST).

(Mean ± SEM), Study C.



176

Figure 6.3 - Placebo
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*^f-U]Uie 6.4- Seminal 19-OH PGF and PGF concentrations for the placebo

group prior to treatment (PRE), at the end of the 14 day

treatment period (END), and two weeks after "drug"

administration had stopped (POST).

(Mean ± SEM), Study C.



17 7

Figure 6.4 - Placebo
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6.5 Changes in the prostaglandin E/prostaglandin F ratios in the

placebo group for the PRE, END, and POST samples.

(Mean ± SEM), Study C.
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Figure 6.5 - Placebo
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concentrations within the seminal plasma were higher than was found in

either studies A or B. Figure 6.4 shows that the mean seminal

concentration of 19-OH PGF within the placebo group remained constant at

30ng/ml. This value is 10iig/ml higher than the mean values calculated in

the good motility samples from both previous studies.

The sperm motility parameters for the oxaprocin sample group can be

seen in Figure 6.6. Like the placebo study, no significant differences were

seen in either motility, velocity, or lateral head displacement, the motility

remaining at approximately 60-65% throughout. Following oxaprocin

treatment, a significant reduction was found in all prostaglandin levels.

Both 19-OH PGE and PGE were reduced by greater than 75%, this reduction

extending to and including the sample taken 2 weeks after oxaprocin

treatment had stopped (POST). The 19-OH PGF and PGF data (Figure 6.8)

also showed that significant reduction occurred following drug

administration. The mean PGF2a concentrations, however, returned in the

POST samples to a value which was not significantly different from the

concentration measured before treatment begem.

Prostaglandin E/F ratios can be seen in Figure 6.9. Like the placebo

group, the 19-OH PGE/19-OH PGF ratio is low in comparison to previous

studies. Again, this is possibly due to the high mean concentration of

19-OH PGF (40^g/ml in the PRE samples) within the seminal plasma. At

the end of treatment (END), the 19-OH PGE/19-OH PGF ratio is not

significantly different to that obtained prior to treatment, however. 2

weeks post treatment, a significant reduction in this ratio was observed. No

significant difference in the PGE/PGF ratio was found throughout the

study. Together, this results in a total prostaglandin E/prostaglandin F

ratio which was not significantly different between either PRE, END or

POST treatment samples.

During indomethacin treatment, no motility parameter was significantly



^Lqute 6.6 % motility, velocity ((xm/sec), and lateral head displacement

(pm) for the oxaprocin group prior to treatment (PRE), at

the end of a 14 day treatment period (END), and two weeks

after treatment had stopped (POST).

(Mean - SEM), Study C.



180

£

O
LU
CO

Be

£
o
o
_J
LU
>

80 "

75 "

70 "

O 65

S 60
55

50 J

40

35 -

30 -

25 -

20 -

4.On

3.5

zi

d 3.0H
±
-J

2.5H

2.0

Figure 6.6 - Oxaprocin

PRE END POST

j < 1 « 1

PRE END POST

PRE END POST

Changes in the % motility, velocity (pm/sec), and lateral head
displacement (p) for the OXAPROCIN-treated group prior to
treatment (PRE), at the end of a 14 day treatment period (END),
and two weeks after treatment had stopped (POST).



^Lquze 6.7 Seminal 19-OH PGE and PGE concentrations for the oxaprocin

group prior to treatment (PRE), at the end of the 14 day

treatment period (END), and two weeks after "drug"

administration had stopped (POST).

(Mean ± SEM), Study C.
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^fiquze 6.8 Seminal 19-OH PGF and PGF concentrations for the oxaprocin

group prior to treatment (PRE), at the end of the 14 day

treatment period (END), and two weeks after "drug"

administration had stopped (POST).

(Mean ± SEM), Study C.



Figure 6.8 - Oxaprocin

PRE END POST



6.9 Changes in the prostaglandin E/prostaglandin F ratios in the

oxaprocin group for the PRE, END, and POST samples.

(Mean - SEM), Study C.
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altered (Figure 6.10). When the individual prostaglandin levels are considered,

significant reductions in both E prostaglandins measured were seen (Figure

6.11), although overall, the reductions were less them had been observed

following oxaprocin treatment. 19-OH PGE was reduced by approximately

60%, a reduction which was again maintained up until the POST treatment

sample was taken. PGE's were reduced by only 40%. 19-OH PGF's on the

other hand (Figure 6.12) were not reduced at the end of the 14 day

indomethacin treatment. Surprisingly, a significant reduction in 19-OH PGF

(40%) was only observed 2 weeks after the treatment had stopped (POST).

PGF2a was reduced by up to 70% throughout the study.

Again, if we consider the ratios, 19-OH PGE/19-OH PGF was

significantly reduced at the end of treatment, but had returned to pre-

treatment levels by the time that the post treatment sample was taken.

As far as the PGE/PGF ratio was concerned, both the END and POST

treatment measurements showed a significant increase in this ratio

p<0.05). Overall, for the total prostaglandin E/F ratio, no significant

difference throughout the study was observed.

6.5 Conclusions
Non steroidal anti-inflammatory drugs (NSAlDs), in accordance with

their known capacity to inhibit cyclooxygenase enzymes (see Chapter 4),

have been shown in this study to reduce seminal prostaglandin levels by

up to 75%. The more recently developed anti-inflammatory drug, oxaprocin,

had the greater effect when compared with indomethacin in that reduction

of prostaglandins was more pronounced on administration of this drug.

This seminal prostaglandin decrease after treatment with NSAIDs has been

previously described (Collier and Flower, 1971; Horton et al., 1973; Jubiz and

Frailey, 1973; Freixa et ed.. 1984; Bendvold et al., 1985b).

Although a dramatic reduction in all prostaglandin levels was seen,



<rJ-iquze 6.10 % motility, velocity (pm/sec), and lateral head displacement

(pm) for the indomethacin group prior to treatment (PRE),

at the end of a 14 day treatment period (END), and two

weeks after treatment had stopped (POST).

(Mean ± SEM), Study C.
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^f-i^uze 6.11 Seminal 19-OH PGE and PGE concentrations for the

indomethacin group prior to treatment (PRE), at the end of

the 14 day treatment period (END), and two weeks after

"drug" administration had stopped (POST).

(Mean ± SEM), Study C.



Figure 6.11 - Indomethacin
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Jiqute 6.12 Seminal 19-OH PGF and PGF concentrations for the

indomethacin group prior to treatment (PRE), at the end of

the 14 day treatment period (END), and two weeks after

"drug" administration had stopped (POST).

(Mean - SEM), Study C.
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^Lgwu 6.13 Changes in the prostaglandin E/prostaglandin F ratios in the

indomethacin group for the PRE, END, and POST samples.

(Mean - SEM), Study C.
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no significant changes in sperm motility parameters occurred. With this in

mind, it is not surprising that previous workers suggested that seminal

prostaglandins were without significant biological effect (Freixa et al.,
1984). The results described in this chapter are in contrast to those of

Schlegel et aJ. (1981) who added 15 hydroxy prostaglandin dehydrogenase to

seminal plasma in order to decrease prostaglandin concentration. Addition
of this enzyme decreased human sperm motility.

In a study similar to that described in this chapter, Bendvold et aJ.

(1985b) treated 6 normal volunteers with 250mg of naproxen 3 times daily,

and showed that during the 14 day medication period a significant decrease

in the concentrations of all the four main groups of prostaglandins occurred.

No effects of these prostaglandin decreases were seen on any semen

characteristic. Bendvold and his colleagues noted, however, that although

the absolute amounts of 19-OH PGE and 19-OH PGF decreased during

naproxen treatment, the concentration ratio between the two did not change.
In previous studies, this group have suggested that maintenance of a high
19-OH PGE/19-OH PGF ratio was essential for normal sperm motility

(Svanborg et al., 1983; Bendvold et al., 1984). They concluded that as

naproxen treatment did not lower this 19-OH prostaglandin ratio, no

decrease in sperm motility would be expected.

In the previous chapter of this thesis, it was found that low E/F

prostaglandin ratios could be correlated to reduced sperm motility. In
contrast to the work from the Swedish group, however, motility could be

positively related to changes in the PGE/PGF ratio. As low motility was

correlated with a low PGE/PGF ratio, and no differences in motility were

seen with drug treatment in this chapter, it might be expected then that

no reductions in the PGE/PGF ratio would occur following NSAID

administration.

Significant reductions were seen (p < 0.05) in the 19-OH PGE/19-OH
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PGF ratio for the POST treatment sample in the oxaprocin group, that is

the sample taken 2 weeks after the NSAID treatment was stopped. The

mean % motility within this sample was 65% while the other motility

parameters remained favourable. The sperm velocity for example was

between 30-35^m/second, while the lateral head displacement was 3.5gm.

A sperm velocity of > 25|im/second and a lateral head displacement of

<10[im had previously been shown to be the best correlates of good

fertilizing capacity (Aitken et al., 1983a, 1983b). These factors suggest that

the decrease in the 19-OH PGE/19-OH PGF ratio had no influence on sperm

function. Looking at the other ratios, however, neither the PGE/PGF ratio

nor the total E/total F ratio showed any significant differences throughout

the study. It seems likely, then, that the constant PGE/PGF ratio was

associated with good sperm motility throughout the study.

Examining the results obtained for the indomethacin group, again

sperm motility was maintained at a high percentage (65%) throughout and

after treatment. The other motility parameters were also consistant with

good sperm functional capacity.

As with the oxaprocin experiments, the 19-OH PGE/19-OH PGF ratio

was reduced following drug administration. A significant decrease occurred

at the end of 14 days of indomethacin treatment, but had returned to pre

experimented levels by the time the post treatment sample was taken. As

no effect on sperm motility was seen, it is difficult to suggest that the

reduction of the 19-OH PGE/19-OH PGF ratio had any major influence.

Unlike the oxaprocin study, after indomethacin treatment the PGE/PGF

ratios for both the END and POST treatment samples showed a significant

increase (p <0.05). With the knowledge of the effects that changes in the

PGE/PGF ratio have on motility gained in the previous chapter, an increase

in sperm motility for these samples might be expected. A small, although

insignificant increase in the percentage of motile sperm was seen at these
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two sample points. It seems likely that amy possible adverse effects that

the reduction in the 19-OH PGE/ 19-OHPGF ratio may have had would be

negated by the increase in the PGE/PGF ratio. Overall, the total E/total F

ratio was not significantly different throughout the indomethacin study.

In conclusion, if the results from this chapter of NSAID treatment on

seminal prostaglandin concentrations are compared with those of Bendvold

et al. (1985b), the final outcome is seen to be similar i.e. a reduction in all

individual prostaglandin levels while sperm motility remains unaffected. In

the previous chapter of this thesis, a correlation between seminal PGE levels

and sperm motility was thought to be improbable as many samples with

>50% motility had a lower level of PGE than some samples with <50%

motility. The study in this chapter seems to have confirmed the fact that

sperm motility may not be correlated with absolute concentrations of any

prostaglandin. Results from the previous chapter also suggested that the

best indicator of sperm motility was the PGE/PGF ratio in that a high ratio

was invariably correlated with good sperm motility. Although reductions in

the 19-OH PGE/19-OH PGF ratio were seen, correlations with lowered sperm

motility were not always observed. The studies in this chapter also suggest

that sperm motility is more significantly correlated with the PGE/PGF

ratio. Although reductions in the 19-OH PGE/19-OH PGF ratio were seen,

these were never linked with any depression in any of the measured motility

parameters. Such findings disagree with those of the Swedish group where

alterations in the 19-OH PGE/19-OH PGF ratio were thought to be the

most influential on motility.

It must be emphasized that, as in the studies outlined in the previous

chapter, changes in the prostaglandin ratios may only correlate with sperm

motility changes and that no evidence has been provided which would

indicate that direct effects are present. If it is shown, however, that

prostaglandins E and F do have direct and opposing effects on motility,
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then it would seem logical that their ratio would be the best predictor of

this parameter. Direct effects of these prostaglandins on sperm motility,

metabolism, as well as direct effects on many fundamentally important

sperm enzymes will be examined in Chapters 7 and 8.

One significant point from this study is that, in comparison with the

results from the previous chapter, the 19-OH PGE/19-OH PGF ratios are

much lower. Throughout the study, all mean 19-OH PGE/ 19-OH PGF

ratios are below 10. In Chapter 5, the ratio of 19-OH PGE /19-OH PGF for

the poor motility samples was found to be approximately 10. If this ratio

had any significant correlation with or influence on sperm motility, then

all of the samples within this study would be expected to have a low

(<50%) motility rating.

The likely cause of these low ratios is an overall increase throughout

the individuals within the study of 19-OH PGF levels. In this chapter the

mean 19-OH PGF levels obtained were often 10 to 20pg/ml higher than the

means measured in the previous studies (either A or B). The reason for

the higher 19-OH PGF levels is unknown. PGE/PGF ratios, on the other

hand, are consistently high in the studies both in this chapter and the

previous one, if the good motility samples are considered. Certainly, in the

NSAID studies, few values were below the "cut ofF' ratios of either 15 or

11 as discussed in Chapter 5. This again seems to suggest that decreases

in the 19-OH PGE/19-OH PGF ratio are related less to sperm motility than

decreases in the PGE/PGF ratio.

Several studies have indicated differences in the effectiveness of

NSAIDs on maintaining depressed seminal prostaglandin levels. Collier and

Flower (1971), for example, suggested that E prostaglandin values tended to

return to control levels during aspirin treatment, whereas F prostaglandins

did not, and suggested from this that the mechanism controlling the

concentrations of these two substances in semen was different. Bendvold
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et al. (1985b), however, suggested that minimal levels of PGE and PGF were

reached more rapidly than for 19-OH PGE and 19-OH PGF, but that all 4

prostaglandins returned to normal one week after the NSAID naproxen

treatment was stopped.

The studies in this chapter have shown that, as far as oxaprocin is

concerned, 2 weeks of treatment significantly reduced prostaglandin

concentrations. The PGF concentrations, however, were seen to be returning

to normal 2 weeks after treatment had stopped while all other

prostaglandin levels remained low. As no samples were taken during the

treatment period it is difficult to say whether there were differences in

the rates at which the depressed concentrations were attained.

Indomethacin was less effective at depressing prostaglandin levels.

19-OH PGF's showed no significant decrease at the end of the 14 day

treatment period, although a reduction was seen post treatment. All other

prostaglandins were markedly decreased throughout the study.

These results might suggest that although seminal prostaglandin

levels can be decreased, F prostaglandins tend to respond less to NSAID

treatment, or recover initial levels faster than the E prostaglandins.

Different mechanisms controlling the production of the E and F

prostaglandins may exist, although as yet, evidence for this remains tentative.

Oxaprocin has been developed as an alternative to the more common

NSAIDs such as indomethacin, and has the advantage of having a longer half

life as well as fewer adverse side effects. It seems likely that short term

administration of this as well as other anti-inflammatory drugs will have

little effect on sperm motility as well as morphology and density, but the

effects of these drugs long term still need to considered. The ability of

prostaglandins to inhibit spermatogenesis and sperm movement along the

epididymis was discussed in Chapter 4. With this in mind, the effects of

prolonged treatment with NSAIDs on increasing semen characteristics in
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patients where sperm motility, density, and morphology were initially low

(Padron and Nodarse, 1979; Barkay et al., 1984) can be explained. The

effects of prolonged NSA1D treatment on patients with rheumatism, for

example, where initially normal semen parameters were present have yet to

be examined.

6.6

1. Non steroidal anti-inflammatory drugs (NSAIDs) reduce human seminal

plasma prostaglandin levels. The more recently developed drug,

oxaprocin, was a more effective inhibitor than indomethacin.

2. NSAID administration had no effects on amy semen parameter, including

motility.

3. Although the 19-OH PGE/19-OH PGF ratio decreased following NSAID

treatment, the PGE:PGF ratio was unaffected by oxaprocin treatment,

and increased by indomethacin treatment.

4. These results suggest sperm motility cam be correlated with the PGE:

PGF ratio (as suggested in Chapter 5), but not to the levels of the

individual prostaglandins.



Chaptez 7

MECHANISMS OF PROSTAGLANDIN ACTION ON MOTILITY
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MECHANISMS OF PROSTAGLANDIN ACTION ON MOTILITY

7.1 Ontwfoeticn

Sperm need to retain sufficient motility within the female reproductive

tract right up to oocyte penetration to ensure that fertilization takes

place. Motility and fertilizing capacity have been demonstrated to be

excellent indicators of the functional competence of the spermatozoa, and

it is therefore no surprise that a specialised cell like the sperm is organised

in such a way as to maximise the efficiency of these two processes. Such

specialisation has meant that the sperm cells must not only adapt to the

continuously changing environments of first the male, and then the female

reproductive tract, but also that sperm depend absolutely on secretions

from both of these tracts in order to maintain motility, and indeed to

continue maturation.

Experiments in which spermatozoa have been incubated with seminal

prostaglandins have shown that PGE has the potential to stimulate the

mechanism of motility, while prostaglandin Fs work in an antagonistic

manner. In order to assess possible prostaglandin regulatory mechanisms,

an overall understanding of the cellular events leading to sperm motility

must be obtained.

Metabolic energy in the form of adenosine triphosphate (ATP) represents

the primary energy source which the sperm flagellum needs for initiation

and propagation of bending. Stimulation of ATP dephosphorylation along

the length of the flagellum induces microtubule Sliding within the axonemal

fibrils resulting in undulating bending waves propagated backwards along

the flagellum (Gibbons, 1982; Brokaw, 1987). As a result of this, a thrust

develops which enables the spermatozoon to propel itself forwards.
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As well as requiring an adequate sup>ply of ATP, sperm may also

need two other factors, the nucleotide cyclic adenosine monophosphate

(cAMP), and the divalent metal ion, calcium, to both initiate and maintain

motility (for reviews see Garbers & Kopf, 1980; Tash & Means, 1983). The

possible influences of seminal prostaglandins on metabolism as well as the

cAMP and calcium motility regulatory mechanisms will be discussed in this

chapter.

7.3. <ZXg ^fects Dnc%ea.ses in OnttacelLulat eA/Wp and ftlotility
In 1971, Garbers and his co-workers first showed that increasing the

intracellular levels of cAMP in bovine spermatozoa stimulated motility, and

since then, work on sperm from several species has shown that a similar

situation exists. The cAMP levels and motility of human sperm, for example,

have been increased either by incubation in medium containing the dibutryl

derivative of cAMP (Gorus et al., 1982), or by addition of phosphodiesterase

inhibitors such as caffeine and theophylline. These substances inhibit the

cell's ability to break down cAMP to adenosine monophosphate (AMP).

Although Dougherty and his co-workers (1976) found that a range of 10-6

to 10-2M caffeine had no effect on human sperm motility, the majority of

the evidence obtained from several other groups has suggested that addition

of up to lOmM caffeine could produce a 30-50% increase in the motility

rate of sperm (Haesungcharern & Chulavatnotol, 1973; Schoenfeld et al.,

1975; Homonai et al., 1978; Makler et al., 1980; Gorus et al., 1982; Aitken et

al., 1983e; Hong et al., 1985). This increase is believed to be due mainly to

an initiation in movement of non-motile sperm without markedly changing

either the mean velocity or motility patterns of the spermatozoa (Aitken et

al., 1983e) although suggestions of slight changes in both parameters have

been noted (Haesungcharern & Chulavatnotol, 1973; Gorus et al., 1982).

The sperm cell's ability to control intracellular levels of cAMP and
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consequently motility depends upon an interacting system of several enzymes

including adenylate cyclase, protein kinase, and phosphodiesterase.

7.4.-/ Adenylate Cyclase
In most cells, adenylate cyclase is an enzyme complex comprised

of a catalytic subunit (C) found on the inner surface of the cell membrane,

a regulatory subunit (N) which extends both along the inner surface of

the membrane as well as into the membrane bilayer, and a hormone

receptor (R) situated on the outer surface of the cell membrane. This

enzyme catalyses the formation of cAMP from ATP.

The receptor (R) and the regulatory subunit (N) exist separately from

the catalytic subunit (C) as an R—N complex. N appears to have some

GTP-ase activity, although it is thought that association of N with the

receptor R inhibits any interaction with GTP. Only when a hormone binds

to its receptor is the inhibitory constraint of R on N released, allowing

GTP binding. The hormone—R—N complex is then capable of interacting

with the catalytic subunit C, to form the active adenylate cyclase

holoenzyme. Association of R—N with C is thus driven by the binding of

guanine nucleotides with N, but only when the receptor is occupied. When

the receptors become unoccupied, GTP is hydrolysed to GDP which then

dissociates from the protein. The R—N complex splits from the catalytic

subunit thereby inactivating the cyclase (for reviews see Rodbell, 1980;

Stadil et a/., 1982).

7.4.2 Adenylate dyclase and ^peimatozoa.

Adenylate cyclase activity has been identified in homogenates from

both invertebrate (Gray et aJ., 1976; Kopf & Vacquier, 1984) as well as

vertebrate sperm (for references see Garbers & Kopf, 1980; Tash & Means,

1983). Stimulators of sperm adenylate cyclase have, however, proven difficult
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to identify (Hoskins & Casillas, 1975). Monkey sperm, for example, were

found to be unaffected by a wide variety of hormones including

gonadotrophins, steroids, polypeptides and catecholamines and in fact only

3,3'-5 triiodothyronine was found to consistently stimulate the production

of cAMP (Casillas & Hoskins, 1970; 1971). Similarly, Gray et al. (1971) showed

that adrenaline, noradrenaline, isoporenaline, FSH, hCG, LH and insulin

had no effect on human sperm adenylate cyclase.

One reason why consistent stimulators of human sperm adenylate

cyclase have not been found may be that there is some doubt as to the

exact structural composition of the enzyme complex. The confusion

surrounds the existence of the regulatory subunit (N). Evidence for the

presence of this subunit has been provided by Hyne & Lopata (1982) who

found that the non-hydrolysable GTP analogue, Gpp(NH)p could significantly

stimulate adenylate cyclase. These results were taken to suggest that a

functional guanine regulatory subunit is present in the human sperm enzyme

complex. Evidence to the contrary, however, has been provided by

experimentation using a toxin produced by the cholera bacillus. This toxin

inhibits the GTP-ase activity of the regulatory subunit thereby prolonging

the life of the subunit-GTP complex. This means that cAMP can be

produced continuously, even in the absence of a hormonal signal.

Cholera toxin had no effect on the activity of human sperm adenylate

cyclase (Cheng & Boettcher, 1982) suggesting that the GTP dependent

regulatory subunit was absent from the enzyme complex. Without this

subunit it is difficult to see how hormone binding to its receptor could

activate the catalytic component and thereby raise intracellular levels of

cAMP.

7.4.3 <rZke Lftecti "prostaglandins upon Adenylate dyclase
PGE's have been shown to simulate adenylate cyclase in various
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biological systems (Horton, 1972; Marsh & Lemaire, 1974; Heindel et a/.,

1978; Bonta & Adolfs, 1983) and their potential as possible stimulators of

sperm adenylate cyclase has been examined.

In 1971, three separate groups published papers in which the effects

of prostaglandins on bovine (Garbers et aJ., 1971), rhesus monkey (Casillas

& Hoskins, 1971) and human (Gray et aJ., 1971) adenylate cyclase were

assessed. Garbers and his fellow workers found that addition of either

PGEj or PGE2 to the incubating medium of bovine sperm produced no

significant effect upon intracellular cAMP levels, results which were

essentially similar to those of Gray et aJ. (1971) incubating PGEj with human

spermatozoa. Surprisingly, Casillas and Hoskins (1971) found that E prostaglandins

inhibited monkey sperm adenylate cyclase, in that intra-sperm cAMP levels

decreased after their addition to the incubation medium.

More recently, two groups have provided evidence to suggest that

PGE's can stimulate sperm adenylate cyclase. Ram sperm adenylate cyclase

was stimulated upon addition of PGE2, but only if sperm which had fully

traversed the epididymis were used (Cosentino et aJ., 1982). This suggests

that, at least as far as ram sperm are concerned, a certain degree of

sperm maturity is necessary before PGE can be effective. E prostaglandins

were also capable of stimulating human sperm adenylate cyclase (Aitken et

aJ., 1986). PGEj and PGE2 at a concentration of 60iig/ml increased the

intracellular levels of cAMP in washed human sperm within S minutes,

while 19-OH PGE and PGF2a were without significant effect.

Such results of adenylate cyclase stimulation by PGE seem inconsistent

with the idea that adenylate cyclase contains no regulatory subunit. Of

course, if prostaglandin binding to its receptor is the factor controlling

the adenylate cyclase, it is possible that Hyne and Lepata's theory (1982) that the

N subunit does exist is correct. Its absence does not necessarily mean that

adenylate cyclase stimulation is impossible however, as work on brain
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adenylate cyclase has shown.

A partially purified catalytic subunit of brain adenylate cyclase which

was free from any regulatory subunits was shown to be stimulated by the

calcium binding protein calmodulin (Salter et al., 1981). Thus GTP binding

may not be required if adenylate cyclase is stimulated by calcium-calmodulin

binding directly to the catalytic subunit (Heideman et al., 1982; Seamon &

Daly, 1982). Calmodulin is known to be present within sperm membranes,

and is thought to be associated with the regulation of adenylate cyclase

(see later in this introduction for a full discussion of this topic).

Prostaglandins may then either interact with calmodulin or possibly with

the lipids surrounding calmodulin and the catalytic subunit, thus stimulating

substrate association, enzyme activity, and consequently cAMP production.

Such a situation would allow adenylate cyclase to be controlled not only

via the presence of PGE, but also via slight increases in the levels of

intracellular calcium.

The stimulation of intracellular levels of cAMP appears to be

fundamental to sperm motility, and whatever the difficulties in the exact

method of signal transmission, PGE seems to be one of only a few naturally

occurring compounds which are capable of achieving this stimulation. If a

PGE:PGF ratio is to be important for motility however, (see Chapters 5

and 6), F prostaglandins might be expected to inhibit cAMP production in

some way. While this has been shown to be the case in functional

luteolysis of the corpus luteum where PGF2a is capable of blocking the

LH dependent accumulation of cAMP (Lahav et al, 1976; Thomas et al.,

1978; McNamara et al., 1980; Hall & Behrman, 1981), in the case of human

sperm, PGF2cc did not significantly alter intracellular cAMP levels (Aitken

et al., 1986). Interestingly, in a previous paper (Aitken & Kelly, 1985) PGF2a

and 19-OH PGE were shown to stimulate human sperm motility, while

neither was capable of significantly changing intraspermatozoal cAMP
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concentrations from control levels (Aitken et al., 1986). While this appears

to discount the PGE: PGF ratio theory as potentially being capable of

indicating the level of sperm motility, at least as far as the concentrations

of sperm cAMP are concerned, effects on other cellular systems can not

be discounted. Direct experimentation on the effects of prostaglandins on

adenylate cyclase and cAMP production have not been carried out during

the course of this thesis.

The product of adenylate cyclase action, cAMP, is a nucleotide of

great importance in cellular events acting as a "second messenger", that is,

a chemical compound with the capacity to mediate the activity intracellularly

of the primary messengers, the hormones. The major pathway whereby

increases in cAMP influences the functioning of cells is through the

activation of a specific enzyme, protein kinase A.

Spermatozoa contain relatively large amounts of protein kinase A

(sea-urchin: Lee & Iverson, 1976; Gray et al., 1976; rat: Majumder, 1978;

Forrester et al., 1980; Schoff, 1982; Atherton et al., 1985; dog: Tash &

Means, 1982; bull: Hoskins et a/., 1974; Hoskins & Stephens, 1975; Pariset

et al., 1984; human: Rosado et al., 1975; Fabbro et al., 1981; Schoff et al.,

1982; Pariset et al., 1983; Fabbro et al., 1983). In fact, protein kinase has

been found to comprise up to 10% of the total protein solubilized from

sperm. Most of the protein kinase is present within the sperm in a soluble

form (up to 80% of the toted activity in the bull - Pariset et al., 1983;

1984) although in particulate form the enzyme is associated both with the

plasma membrane (Pariset et al., 1983) as well as the flagellar structures

(Tash & Means, 1982; Pariset et al., 1984; Horowitz et al., 1988).

Cyclic AMP dependent protein kinase A exists in two major forms.

The main difference between the two iso enzymes resides with the class

7.5
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of regulatory subunit associated with the enzyme complex. Protein kinase

A from human sperm, for example, can be divided into two distinct types

on the basis of the size of the regulatory subunits. Type I contains a

regulatory subunit with a molecular weight of 47K, while the typ>e II enzyme

has a slightly bigger regulatory subunit at 52K (Fabbro et al., 1981).

The accepted mode of action for protein kinase A proposes that the

regulatory subunits bind cAMP which releases, and thereby activates the

catalytic subunits which can then enzymatically transfer the phosphate of

ATP to a protein substrate. Several intracellular proteins are known to be

regulated by a protein phosphorylation-dephosophorylation mechanism

(Krebs & Beavo, 1979) but one protein closely associated with motility,

tubulin, is known to be specifically phosphorylated by a cAMP dependent

protein kinase A (Dedman et al., 1979; Means et al., 1982; Tash & Means,

1982). Cyclic AMP dependent phosphorylation has a stimulatory effect on

microtubule polymerisation, one mechanism whereby axonemal motility is

thought to be controlled.

Confirmation of the effects of cAMP at the level of the sperm

flagellum have been obtained using Triton X-100 demembranated sperm

which are subsequently reactivated upon addition of ATP and Mg2+ (Mohri

& Yanagimachi, 1980). Using such models, cAMP was seen not only to

increase the percentage of motile sperm, but also to increase flagella beat

frequency, and beat amplitude (Lindemann, 1978; Tash & Means, 1982). It

was initially suggested that cAMP acted directly upon the flagella apparatus

itself in order to produce a stimulation of motility (Lindeman, 1978) although

later experimentation from the same group proved that labelled cAMP did

not bind to axonemes. but was associated with high molecular weight

components in the cytosol (Lindeman et al., 1981). It is tempting to suggest

that at least some of these cAMP binding substances are protein kinase A.
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7.6 "phosphodiesterase
In most cases, cAMP must be destroyed quickly in order that its

action is not prolonged beyond the time needed for regulation of a particular

cellular function. It is also important that information pathways be cleared

in order that new messages may be transmitted. The enzyme performing

the task of cAMP degradation is phosphodiesterase, and experiments from

several groups have shown its presence within spermatozoa of several

species (Gray et a/., 1971; Tash, 1976; Cheng & Boettcher, 1982; Wasco &

Orr, 1984). Both particulate and soluble fractions of sperm formed on

homogenization contain phosphodiesterase activity (Tash, 1976; Cheng &

Boettcher, 1982) although the enzyme is thought to be only loosely

associated with the particulate fraction since it is released following mild

sonication. Both particulate and soluble forms of the enzyme exist as a

single, but distinct isoenzyme, the soluble form appearing to have the

greatest affinity for cAMP.

It has been suggested from work on ram spermatozoa that the ability

to hydrolyse cAMP is about one hundred times greater than its ability to

synthesize this nucleotide (Tash & Mann, 1973). Phosphodiesterase thus

represents a major factor in the control of sperm cAMP levels and it has

been proposed that the enzyme is compartmentalized in some way in order

that transient cAMP increases and consequently protein phosphorylation

can occur (Cheng & Boettcher, 1982).

The experiments outlined at the beginning of this chapter using

caffeine showed that increased sperm motility could be brought about

through an inhibition of phosphodiesterase activity. Of the human seminal

plasma constituents, only spermine has been shown to significantly inhibit

sperm phosphodiesterase activity (Shah & Sheth, 1978) although several

other components including the divalent cations, calcium and zinc, as well

as the prostaglandins are potentially capable of modulating sperm
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phosphodiesterase activity.

In other biological systems, E prostaglandins have been shown to

inhibit cAMP phosphodiesterase activity (Chasin & Harris, 1976; Nemecek et

al., 1979), while direct effects on the spermatozoal enzyme have largely

remained unexamined. In the experiments of Aitken et al. (1986), the

increases in intracellular cAMP brought about by exposure to exogenous

PGE were unaffected by the presence in the medium of 2mM caffeine. This

suggested that E prostaglandins increased cAMP levels primarily through

an effect on adenylate cyclase and not via an inhibition of phosphodiesterase

activity, although direct effects upon a purified enzyme preparation are yet

to be carried out.

7.7.1 Lftects o^, dulcium upon £>pezm /Hotilithf
The influence extracellular calcium has upon sperm motility depends

not only upon its concentration in the incubation medium, but also on the

species of spermatozoon tested. Invertebrate sperm, for example, show a

marked stimulation of motility in externaj calcium concentrations up to

9mM. Above this concentration, the normal concentration of calcium in

sea-water, motility was inhibited (Young & Nelson, 1974). Similarly, a

stimulatory effect of up to ImM extracellular calcium has been observed

with hamster sperm (Morita & Chang, 1970; Morton et al., 1973; 1974).

Chimpanzee, bull and dog sperm were inhibited by extracellular calcium

concentrations of ImM and above (McGrady et al., 1974; Tash & Means,

1983) while rat (Morita & Chang, 1970; Morton et al., 1973; 1974) guinea-pig

(Hyne & Garbers, 1981) and ram sperm (Quinn et al., 1970) were unaffected

by extracellular calcium concentrations.

Human sperm were also initially thought to be impermeable to

extracellular calcium ions. Experiments showed that methylxanthines and

db cAMP could reduce calcium uptake by sperm as well as binding of this
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cation to the plasma membrane (Peterson & Freund, 1971; 1976a; Peterson et

aJ., 1977; 1979). The increase in intracellular cAMP brought about by the

action of the cAMP analogue, and the phosphodiesterase inhibitors was

thought to have a direct action at the level of the membrane, rendering it

impermeable to calcium. This was considered to be one mechanism whereby

increased levels of intracellular cAMP could have a significant effect on

improving motility. Indeed, the fact that the presence of cAMP receptors

had been previously reported on human sperm membranes (Rosado et aJ.,

1975) and that seminal plasma cAMP concentrations were found to be

positively correlated with sperm motility (Malachi et al., 1982) seemed to

provide further evidence for an effect of this nucleotide in rendering the

sperm membrane impermeable to calcium.

Human seminal plasma contains considerable levels of calcium. Total

concentrations may range from undetectable up to 7mM, but only between

3 to 4% of this total is present in ionized form (Arver, 1982; Arver &

Sjoberg, 1982), the other 96% occurring as a complex, primarily with citrate

(Ford & Harrison, 1984). If the human sperm plasma membrane was

impermeable to calcium, then changes in the seminal plasma concentration

of either the total calcium concentration or the ionic form would not be

expected to have any influence on motility. It seems, however, that semen

samples containing a low ionized calcium concentration have a significantly

higher motility than those with a higher ionic composition (Arver, 1982;

Arver & Sjoberg, 1982). This suggests that the extracellular calcium

concentration does have some effect on human sperm motility. Removing

calcium from the external medium using EGTA, a powerful chelator of this

divalent ion stimulates sperm motility (Hong et aJ., 1984; Hong & Chang,

1984), suggesting that calcium is an effective inhibitor of human sperm

motility. The stimulatory effect of EGTA fits in with the idea that high

ionic calcium levels in seminal plasma are harmful to sperm motility.
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When washed human sperm were incubated in the presence of t sCa2+],
the amount of isotopic calcium associated with the cells rose over a two

hour period (Irvine & Aitken, 1986). Seminal plasma seems to have the

ability to modulate the influx of calcium into the sperm cell. It was found

that sperm which were exposed to seminal plasma for 15 minutes

accumulated approximately four fold more calcium than sperm which had

been incubated for 5 minutes (Byrd & Wolf, 1982; Byrd et al., 1982). This

suggests that some factors within the seminal plasma have the ability to

increase the rate of transport of calcium across the human sperm membrane.

Paradoxically, evidence suggests that these factors may be the prostaglandins,

as exposure of washed human sperm to PGEj or PGE2 caused a rapid rise

in intracellular calcium from a resting level of 140nM to around 280nM

within approximately 5 minutes. It seems, therefore, that the factor which

stimulates intracellular cAMP levels and motility also has the capacity to

inhibit motility by increasing intracellular calcium concentrations.

The increased intracellular calcium concentrations may have a direct

effect on the flagella which causes the reduction in motility. Studies on

the effects of calcium using Triton-X-100 demembranated sperm of all

species tested have shown that addition of ItiM calcium can produce

assymetric distortions of ATP induced flagella movements while 100-200^M

causes quiescence (Brokaw et a/., 1974; Gibbons & Gibbons, 1980). If cAMP

is thought to stimualte motility via phosphorylation of tubulin, then it

seems that calcium can produce the opposite effect. Determination of the

effects of calcium on protein phosphorylation in axonemal models showed

that calcium produced a 40% reduction in the level of protein phosphorylation

(Means et al., 1982). This dephosphorylation could mediate the

depolymerisation of microtubules (Marcum et al., 1978) and possibly also

the detachment of dynein cross bridges within the axoneme (Zanetti et al.,

1978).
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7.7.2 ftlechanisms of, "jugulating the Dntzneellulat dalcium
doncenttation

(a) The mitochondria

Because elevated levels of intracellular calcium have such a detrimental

effect on sperm motility, mechanisms must exist to allow the cell to

maintain as low an intracellular concentration of this ion as possible.

Spermatozoa, like most other cell types, use mitochondria to act as a

calcium "sink" in times of excess (Harris, 1979; Dhalla et al., 1982).

There is in the mitochondrial membrane a calcium uniport system,

where calcium uptake is driven by the potential normally existing across

this bilayer (Nicholls & Akerman, 1982). As the interior of the mitochondria

has a high pH and a high inorganic phosphate concentration, most of the

calcium taken up by this organelle is stored in a biologically inactive but

exchangeable pool of calcium phosphate. Only if this mitochondrial capacity

is exceeded does the cytosolic calcium rise to a point at which it begins

to exert toxic effects.

(b) Membrane pumping systems

Another method whereby the sperm cell attempts to regulate the

cytosolic concentration of calcium is via plasma membrane pumping systems

which actively extrude this ion. There are two recognised mechanisms

capable of discharging calcium from the cytosol into the surrounding

medium: an ATP fuelled calcium pump; and a sodium (Na+)-calcium (Ca2+)

exchange system.

The plasma membrane calcium pump is an integral membrane protein

with a molecular weight of approximately 140K (Penniston, 1982), and in

the presence of both Mg2+ and Ca2+ this protein undergoes a transient

phosphorylation cycle during its pumping action.

The Na+- Ca2+ exchange system depends upon a higher concentration

of sodium extracellularly than can be found within the cell. In such a
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situation, sodium moves into the cell down its concentration gradient,

while calcium is moved against its gradient. This exchange system is thought

to operate electrogenically with the stoichiometry of 3 sodium ions

transported per calcium ion. This asymmetry in ion flux causes a drop in

the membrane potential. The rate of the exchange system and the Ca2+

and the Na+ equilibrium which it mediates depends on this potential.

Although it is not thought that the Na+- Ca2+ exchange system

utilizes ATP directly, its activity does rely on an energy dependent system.

In order to maintain the low intracellular concentrations of sodium which

enable the exchanger to work, another pumping system which is capable of

actively excluding sodium from the cell, the Na+- K+ ATPase, is required.

Sodium ions are pumped out of the cell against an electochemical gradient

while potassium ions flow into the cell down an electrical, but against a

chemical gradient, both using the energy derived from the hydrolysis of

ATP. The stoichiometry of this reaction is believed to be 3 sodium ions

pumped out to 2 potassium ions pumped in per molecule of ATP hydrolysed.

Thus the Na+- K+ ATPase maintains a low intracellular sodium concentration

and a high intracellular potassium concentration. The consequent sodium

gradient can then be used by the cell to pump calcium out by coupling

the two ion movements to the Na+- Ca2+ antiporter.

Calcium dependent magnesium ATPase (Ca2+- Mg2+ ATPase) has been

identified in both the acrosomal and plasma membranes of guinea-pig and

rabbit (Gordon et a/., 1978), boar (Ashraf et al., 1982; Peterson et a]., 1983),

ram (Bradley & Forrester, 1980a; Breitbart et al., 1983), bull (Breitbart et al.,

1984; Rufo et al., 1984) and human sperm (Abla et al., 1974). The Na+- Ca2+

antiport system has been directly demonstrated in boar sperm (Ashraf et al.,

1982), and ram sperm (Bradley and Forrester, 1980b), while definite levels

of the bull sperm plasma membrane vesicle concentration of Na+- K+ ATPase

are cited in Breitbart's paper (1984).
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Concerning the interlinking of both the Na+- Ca2+ exchange system

and the Ca2+- Mg2+ ATPase, it is believed that the exchange system copes

with heavy loads of calcium, that is when the intracellular concentration

of calcium is high, while the ATPase pump serves to further reduce the

cytosolic calcium levels to the low nM range.

Prostaglandins can increase intracellular calcium by acting as an

ionophore, em action which has been previously described (Kirtland & Baum,

1972; Carsten & Miller, 1977; Aitken et aJ., 1986). Alternatively, an inhibition

of the pumping systems responsible for calcium extrusion would produce a

similar effect. Little is known about possible control methods for sperm

membrane pumping systems although experimentation using other cell

membrane preparations has shown that the composition of the lipids

surrounding the pumps may influence their activity.

Acidic lipids, for example, have been shown to be capable of replacing

the calcium binding protein calmodulin, but in the stimulation, and not the

inhibition of purified erythrocyte Ca2+- Mg2+ ATPase (Niggli et aV., 1981)

while E prostaglandins stimulated the Na+- K+ ATPase in vascular smooth

muscle (Limos et a/., 1974) but inhibited Na+- K+ ATPase from human

gastric mucosa (Mozsik et aJ., 1974).

While the direct effects of prostaglandins on the Na+- Ca2+ exchange

system will not be examined in this chapter, effects on Na+- K+ ATPase

the pumping system which is so vital for the continued functioning of the

antiporter will be studied. Experiments will also be carried out to determine

prostaglandin action on Ca2+- Mg2+ ATPase.

7.8.1 Loio Dntucdlulai Calcium Cowntzationi ant fipeim function
While high intracellular calcium concentrations can inhibit sperm

motility, and may even be toxic to the cell, it seems likely that low or

only slightly elevated calcium concentrations may be beneficial or even
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necessary for sperm motility. Spermatozoa (and seminal plasma) contain

a calcium modulated protein which in some cases can constitute as much

as 6% of the soluble proteins (Feinberg et aJ., 1981). The glycoprotein

calmodulin (calsemin for the seminal plasma protein - Bradley & Forrester,

1982) has been shown using indirect immunofluorescence techniques to be

present in sperm plasma membranes, nuclei, the acrosome and its membranes,

and in lesser quantities between course fibres and axonemal microtubules

of the flagellum (for sperm calmodulin references see: Brooks & Siegel,

1973; Jones et aJ., 1978; 1980; Forrester & Bradley, 1980; Feinberg et a!.,

1981; Bradley & Forrester, 1982; Tash & Means, 1982; Noland et aJ., 1985;

Weinman et aJ., 1986).

Calcium modulated proteins like calmodulin, being the only cellular

molecules with the appropriate selectivity and affinity for calcium, are

responsible in most cells for transducing the intracellular calcium message

(Means & Dedman, 1980; Cheung, 1980; Manalan & Klee, 1984; Schutt, 1985).

Calmodulin has a molecular weight of about 17K, contains 148 amino acids,

and possesses four binding domains with different affinities for calcium.

Two domains are high affinity sites and are consequently filled first, while

the other two domains having a much lower affinity are only occupied as

the intracellular calcium concentration rises. Upon sequential binding with

calcium, a conformational change in the calmodulin molecule occurs. The a

helical content of the molecule gradually increases, opening up a hydrophobic

domain on the protein. Because of this sequential binding of calcium,

multiple conformational states of the calmodulin molecule exist allowing

interaction with a large number of cellular proteins, many of which are

enzymes.

7.8.2 Stimulation of, Adenylate d^clase by Calmodulin
Calmodulin was first shown to stimulate purified adenylate cyclase
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from preparations of brain tissue (Cheung et al., 1975). Since then, the fact

that low concentrations of calcium (approximately 0.1[iM free Ca2+) acting

in a complex with calmodulin stimulates adenylate cyclase activity has

been shown for many cell types (for references see: Wong & Cheung, 1979;

Bradham & Cheung, 1980; Moskowitz et al., 1983; MacNeil et al., 1985).

Removed of calmodulin results in the loss of the adenylate cyclase's ability

to be stimulated by submicromolar concentrations of calcium. High levels

of calcium (l[iM free Ca2+) inhibit adenylate cyclase although regulation

here is probably not via calmodulin, but a direct action of the cation upon

the membrane itself.

Although human sperm adenylate cyclase was initially thought to be

insensitive to calcium (Haesungcharern & Chulavatnotol, 1978), it has since

been suggested that this may not be the case (Hyne & Lopata, 1982),

submicromolar concentrations of calcium producing up to a 25% stimulation

in activity while higher concentrations inhibit the enzyme. Such a calmodulin

stimulation of adenylate cyclase activity has also been shown for non-human

spermatozoa (Braun, 1975; Hyne & Garbers, 1979; Kopf & Vacquier, 1984; Gross

et al., 1987). Thus if sperm can maintain low intracellular levels of calcium,

the ion, acting through its intracellular receptor calmodulin, can stimulate

adenylate cyclase, increase cytosolic cAMP levels, and stimulate motility. If

the intracellular calcium concentration rises, actions upon the membrane

reduce adenylate cyclase activity and cAMP levels fall.

7.8.3 Stimulation of "phosphodiesterase bvf Calmodulin

Paradoxically, calmodulin is also capable of stimulating

phosphodiesterase activity within the cell (MacNeil et al., 1985). Evidence

suggests that the activation of both enzymes could occur in a sequential

fashion, however, as low calcium concentrations (those at which adenylate

cyclase is fully activated) have no effect on phosphodiesterase, while at
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calcium concentrations at which adenylate cyclase is strongly inhibited,

phosphodiesterase is activated.

Although several groups have suggested that sperm phosphodiesterase

is insensitive to calcium (Wells & Garbers, 1976; Tash, 1976; Garbers &

Kopf, 1980; Bhatnagar & Anand, 1982), rat caudal epididymal sperm

phosphodiesterase can be stimulated by the addition of (iM concentrations

of calcium (Wasco & Orr, 1984). Phosphodiesterases from the rat as well

as from human sperm (Hong et al., 1985) are also inhibited by the calmodulin

antagonist trifluoroperazine, again suggesting that sperm phosphodiesterase

is calmodulin dependent. This is possibly another mechanism whereby

excessively elevated cytosolic calcium levels can depress sperm motility.

7.8A Stimulation ofj Specific "ptotein Kinases by d&lciMtvrCLalmodulLn
Calcium-calmodulin stimulation of specific protein kinases may be

another mechanism where changes in the calcium concentration within the

cellular environment stimulates specific events within the cell. Concerning

spermatozoa, as yet little is known about the function such phosphorylation

may have (Tash & Means, 1982; 1983) although the presence of proteins

within the sperm which are phosphorylated independently of the cAMP

dependent protein kinase A has long been established (Hoskins & Stephens,

1973; 1975; Hoskins et a]., 1974; Huacuja et al., 1977; Brandt & Hoskins,

1980). In fact, Huacuja et al. (1977) have identified a protein within the

human sperm membrane which is not phosphorylated by cAMP dependent

protein kinase, although evidence that phosphorylation occurred specifically

via a calcium-calmodulin protein kinase has not been forthcoming. As the

ATPase dependent membrane pumps are known to exist in various states

of phosphorylation and dephosphorylation (see section 7.6.1 b) it seems

possible that such pumps may be phosphorylated via a calcium-calmodulin

dependent system.
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7.8.5 Stimulation of, /Hembzane "pumps by d^Lcium-daLmcdulin
Calcium-calmodulin has been shown to regulate calcium transport via

calcium activated Mg2+ ATPase pumps in many cell systems (Vincenzi

& Hinds, 1980) thereby limiting the increase in cytosolic calcium levels

which occurs following cellular stimulation. Calmodulin in a calcium form

(at least 3 of the 4 Ca2+ binding sites occupied) binds to the pumps and

thereby increases the affinity for calcium at the transport site.

Association of the extracellular calmodulin-like protein, calsemin,

present within human seminal plasma (Bradley & Forrester, 1982) with

sperm membrane Ca2+ ATPase pumps, has been proposed as a potential

mechanism for the control of intracellular calcium and motility. Work on

the Ca2+ ATPase found in boar sperm membranes has suggested, however,

that calmodulin regulation of the pumps may not take place as calmodulin

antagonists such as trifluoroperazine and calmidazolium do not slow ATP

dependent calcium extrusion from plasma membrane vesicles (Peterson et

aJ., 1983).

7.9.1 /hietabolism - Onticbuction
The preceeding paragraphs have determined the effectiveness that

changes in the intracellular concentrations of cAMP and calcium have on

the initiation and maintenance of motility, as well as the various enzymes

and other cellular factors which are responsible for maintaining the required

balance between these two molecular messengers. While cAMP and calcium

can be considered as factors controlling motility, neither is directly utilized

as an energy source. The source of energy within the spermatozoa is ATP.

7.9.2 ^Ivfcolvfsis and the Tzicatboxylic Acid Circle
Within most cells, the mechanism whereby ATP is generated can be

divided into two distinct stages. The first stage which may procede either
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aerobically or anaerobically involves only the partial degradation of

carbohydrates such as glucose resulting in the formation of 2 three-carbon

fragments: pyruvate in the presence of oxygen, or lactate in its absence.

These reactions form the glycolytic pathway and take place in the cytoplasm

of the cell.

The second stage, which requires the presence of oxygen, occurs in the

mitochondria of the cell, and brings about the complete oxidation of the

pyruvate formed by aerobic glycolysis. The pathway by which this occurs is

the tricarboxylic acid (TCA) cycle.

Glycolysis, with glucose as a substrate, will at best produce a net of

2 ATP molecules per molecule of carbohydrate, yielding only a small fraction

of the total available free energy of the sugar. Although some lower

organisms obtain all of their energy from this process, glycolysis may

basically be thought of as a preparatory series of reactions allowing the

entry of substances into the TCA cycle. One essential merit of glycolysis,

however, is that it is the only pathway that is capable of forming ATP

from ADP and inorganic phosphate in the absence of oxygen.

In the presence of oxygen, NADH is oxidized in the mitochondria with

the formation of NAD+ and energy in the form of ATP. In the absence of

oxygen, this method of NAD+ recycling is not available to the cell, and the

lack of this cofactor would eventually inhibit glycolysis at the level of

glyceraldehyde-3-phosphate dehydrogenase. Lactate production accomplishes

this recycling as NADH is utilized by the enzyme lactate dehydrogenase

reforming NAD+.

In most cells, the pyruvate formed at the end of aerobic glycolysis

enters the TCA cycle and is further oxidized within the mitochondria to

C02 with the formation predominantly of NADH. NADH is reoxidized to

NAD+ by transferring hydrogen to molecular oxygen by electron transport

via the cytochrome system. The oxidation of each molecule of NADH is
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coupled to the formation of 3 molecules of ATP, a process usually termed

oxidative phosphorylation. In all, using this process, 38 ATP molecules may

be synthesized per molecule of glucose. In comparison to the 2 molecules

of ATP formed per molecule of glucose via anaerobic glycolysis, oxidative

phosphorylation produces much more energy in the form of ATP and, as a

consequence, much less carbohydrate is metabolized to meet the energy

requirements of the cell.

7.9.3 /Metabolism
The predominant mode of spermatozoan metabolism depends upon the

nature of bathing fluids within the surrounding environment in which the

sperm are situated, as well as the degree of maturation of the sperm.

Testicular sperm, for example, satisfy their energy requirements partly by

metabolising oxidatively both endogenous as well as exogenous substrates,

possibly lipids (Mann & Lutwak-Mann, 1981). While glycolytic enzymes are

present within the spermatozoa, testicular plasma contains little carbohydrate

(either glucose or fructose) and glycolytic activity is low. Similarly, the

epididymal environment contains relatively small amounts of fructose and,

as was seen with testicular sperm, glycolytic activity is low. Upon

ejaculation, however, glycolysis becomes a much more prominant pathway

in the production of ATP, and in some species may excede the ability of

oxidative phosphorylation in this regard. To some extent, this may be due

to an increase in the levels of exogenous carbohydrate (usually fructose)

within the seminal plasma although the influence of potential seminal

plasma modulators of metabolism seems likely.

Upon entering the female reproductive tract, spermatazoa are removed

from the seminal plasma environment and are exposed to oviductal and

possibly follciular fluids, some constituents of which have been shown to

stimulate sperm metabolism (see Garbers & Kopf, for review, 1980).
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Oestrogen, for example, can stimulate both oxygen uptake as well as the

motility of human sperm (Hicks et aJ., 1972).

The mode of metabolism then depends upon the sperm's position in

either the male or female reproductive tract and the influences factors

within the bathing fluids might have. The rest of this introduction will

concentrate upon metabolism within ejaculated spermatozoa.

The metabolic status of ejaculated spermatozoa differs from species

to species. Invertebrate and vertebrate sperm, for example, have fundamental

differences in their abilities to metabolize various substrates in order to

obtain energy (Garbers & Kopf, 1980). Sea-urchin sperm oxidize phospholipids

to provide energy, while exogenous carbohydrates are not utilized. In

comparison to invertebrate spermatozoa, many species of vertebrate sperm

have am active glycolytic pathway, and cam maintain motility in the presence

of a glycolysable sugau" under either anaerobic or aerobic conditions, although

the dependence on amaerobic glycolysis as the major metabolic pathway

vairies from species to species.

In aviam spermatozoa, for example, glycolysis contributes only a

relatively minor proportion of the total metabolic capability of the sperm

(Laike, 1966). Low motility and glycolytic activity aire also characteristic of

anaerobically incubated guinea-pig sperm (Frenkel et al, 1973), while the

fact that pyruvate and lactate were better at sustaining hamster sperm

motility tham glucose is thought to be an indication of the importance of

oxidative metabolism in maintaining motility in this species (Bavister &

Yamagimachi, 1977). Similarly, boau- spermatozoa incubated anaerobically

show only vibratory or oscillatory movements instead of progressive motility

(Nevo et a/., 1970).

Ejaculated bull or ram sperm are actively glycolytic, and have the

capacity to maintain motility auiaerobically in the presence of a utilizeable

sugar such ais glucose (Mann & Lutwak-Mann, 1981). In the presence of
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oxygen, however, some oxidative phosphorylation does take place. The net

rate of ATP synthesis and degradation have been found to be equal for

caudal epididymal ram sperm when compared with ejaculated sperm, though

the consumption of exogenous glucose by ejaculated sperm was three

times higher than that seen in the epididymal sperm (Inskeep et aJ., 1985).

This was taken to suggest that, as far as ram spermatozoa are concerned,

the overall rate of ATP synthesis is dominated by changes in the metabolism

of exogenous sources of energy superimposed on a basal endogenous rate.

Primate sperm are characteristic in their metabolic nature in that

either aerobic or anaerobic glycolysis is capable of maintaining motility to

a greater extent than oxidative phosphorylation. Primate sperm in general

show little Pasteur effect, that is, the inhibition of anaerobic glycolysis by

respiration upon incubation in an adequately oxygenated medium.

Consequently, the consumption of exogenous carbohydrate such as glucose

changes little if sperm are moved from aerobic to anaerobic conditions. An

inability of oxidative metabolism to generate high levels of ATP may explain

the absence of a significant Pasteur effect in primate sperm.

Rhesus monkey spermatozoa are capable of rapid rates of aerobic

fructolysis (the utilization of fructose rather than glucose in the glycolytic

pathway: Hoskins & Patterson, 1968) this rate being positively correlated

with sperm motility. It seems that under aerobic conditions, rhesus monkey

sperm rely primarily on fructolysis augmented by respiration for the

maintenance of motility.

The fact that human spermatozoa have a high glycolytic rate has also

been known for almost 50 years (Macleod, 1941). Since then, it has been

consistently proven that glycolysis is more effective than oxidative

phosphorylation in maintaining cellular levels of ATP, or in supporting

sperm motility (Peterson & Freund, 1970; 1976b). Experiments have indicated

that while human sperm motility can be maintained adequately in the
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presence of exogenous glucose, if glucose is removed from the incubating

medium both intracellular ATP levels and motility declined steadily. Such

reductions could not be prevented by the addition of either pyruvate or

the TCA cycle intermediate succinate, although with the addition of the

latter compound ATP reduction and loss of motility was less pronounced

(Peterson & Freund, 1970). Addition of glucose completely restored motility,

and increased intracellular ATP levels.

Experiments on spermatozoal homogenates supplemented with cofactors

and glucose have also indicated that the rates of lactic acid formation are

only some two fold greater than results obtained with intact cells (Hoskins

et a/., 1971). This suggests that not only is glycolysis a major energy

producing pathway, it may be proceeding at near maximal rates.

Human sperm contain the mitochondrial enzymes of the TCA cycle as

well as the cytochrome pigments which form part of the respiratory chain

(Mann, 1951). The technical difficulties attending the measurements of low

rates of respiration by small numbers of sperm, however, made it uncertain

for a time whether human spermatozoa were capable of any respiration at

all (Macleod, 1941; 1943; Ross et al., 1941; Terner, 1960). Since then, the

fact that human spermatozoa do respire has been repeatedly demonstrated

(Hamner & Williams, 1964; Nevo. 1966; Murdoch & White, 1968; Peterson &

Freund, 1968; 1976b; Eliasson, 1970; Suter et aJ., 1979). The questions which

must be answered are firstly, what is the reason for the failure of oxidative

phosphorylation to adequately maintain motility, and secondly, does the

factor producing this inhibition also stimulate sperm glycolysis?

7.9A £{{ects ofa Seminal "plasma on /Metabolism
Seminal plasma plays an important role in the maintenance and, to

some extent, the control of sperm metabolism. Mammalian spermatozoa

are devoid of endogenous substrates such as glycogen which cam be utilized
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either glycolytically or oxidatively (Mann & Lutwak-Mann, 1981), although

seminal plasma provides a rich source of exogenous substrate. Indeed, it

was shown in some very early experiments that human sperm motility was

not dependent upon the presence of oxygen, but on the presence of

exogenous utilizeable sugar (Macleod, 1941). As far as the human is

concerned, fructose is the seminal plasma carbohydrate found in the greatest

concentrations, the average level being approximately 300mg /lOOmls, while

glucose is present in much smaller amounts (Macleod & Freund, 1958;

Eliasson, 1965; Mann & Rottenberg, 1966; Peterson & Freund, 1971).

Seminal plasma may also influence the rates at which both glycolysis

as well as oxidative phosphorylation and respiration procede. The variability

of both glycolysis (Macleod, 1941) as well as oxygen uptake by human

sperm (Eliasson, 1970) seen inter-individually has been attributed to

differences in the composition of the seminal plasma. In an earlier chapter,

the removal of seminal plasma from spermatozoa by washing with an

appropriate buffer was shown to have an influence on sperm motility.

Similarly, changes in sperm metabolism often occur if they are removed

from the seminal plasma environment.

While initially no changes in sperm respiration could be found on

washing human sperm free from seminal plasma (Nevo, 1966), further

experimentation has demonstrated that when sperm are removed into a

suitable medium, the oxygen uptake increases often by 2-3 fold (Karjalainen

& Niemi, 1969; Peterson & Freund, 1970; Eliasson, 1971a). This evidence

suggests that some factor within the seminal plasma is capable of inhibiting

spermatozoal respiration. This inhibitory effect does not, however, appear

to be effective only on spermatozoa, as seminal plasma depressed both the

respiration of bovine endometrium (Mather & Dale, 1969) as well as the

oxidative metabolism of rat heart mitochondria (Eliasson, 1971b) .

Initial attempts at identifying the seminal plasma inhibitor of sperm
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oxidative phosphorylation and respiration involved the incubation of washed

human spermatozoa in the presence of a variety of compounds. Several

possibilities including catecholamines, insulin, and also prostaglandins were

tested, but all were shown to be ineffective (Eliasson et a]., 1968).

Further work by the same author (Eliasson, 1970) identified broadly the

origin of the inhibitory factor in that sperm from men with

prostatovesiculitis consumed smaller amounts of oxygen than would normally

be seen. As washing the spermatozoa removed the inhibitory molecules and

increased oxygen consumption, Eliasson deduced that it was the excessive

production of a factor or factors from either the prostate or the seminal

vesicles that induced the respiratory inhibition.

7.9.5 Lftects "pzostgqlandlns on Sperm /Hetabclism

Prostaglandins, known to be produced by the seminal vesicles (Brummer,

1973; Gerozissis et al., 1982; Bendvold et a/., 1985a) figure prominantly as

molecules potentially capable of modulating sperm metabolism. While no

effects of incubating bovine sperm in the presence of either PGE or PGF

could be seen (Garbers et aJ., 1971; Voglrhayr, 1973) a species whose seminal

plasma, it must be remembered, contains little prostaglandin, both PGEi

and PGF2a stimulated glycolysis in epididymal ram sperm, but had no

significant effect on ejaculated sperm (Pento et al., 1970). As far as the

actions of prostaglandins on human sperm metabolism are concerned,

19-OH PGE inhibits the production of labeled carbon dioxide from labelled

fructose (Kelly, 1977), but does not affect the anaerobic pathway of

metabolism, leaving the levels of lactate production unchanged. PGE and

PGF were without effect. Significant increases in lactate production by

human sperm suspensions were only seen when a mixture of PGEj and

19-OH PGEj were incorporated into the incubation medium, and labelled

glucose was used as the substrate.
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A simultaneous stimulation of glycolysis along with an inhibition of

oxidative phosphoryaltion and respiration by prostaglandins is an interesting

proposal, even although, as far as human sperm are concerned, the

stimulation of glycolysis only occurs when glucose is used as a substrate.

This means that at ejaculation, prostaglandins may be the prime contenders

for setting the metabolic rate of the spermatozoa. Sperm are known to

utilize up to 70% of the total production of ATP in maintaining motility

(Rickmenspoel, 1965) and as glycolysis is thought to be the major pathway

for production of ATP, stimulation of glycolysis by seminal PGE would

increase motility. Again, for the hypothesis that the PGE:PGF ratio is of

primary importance in the eventual level of sperm motility, PGF2a would

be expected to inhibit glycolysis. Unfortunately, Kelly (1977) has suggested

that PGF2a has no effect on either lactate or C02 production by human

spermatozoa.

7.9.6 dyclLc A/Wp and the Control of, tfvflcolvfsis

Significantly, increases in sperm glycolysis have been shown to correlate

well with increased intracellular cAMP levels. Stimulation of adenylate

cyclase by triiodothyronine (Casillas & Hoskins, 1970; Hoskins, 1973),

inhibition of phosphodiesterase by caffeine (Haesungcharem and

Chulavatnotol, 1973), or simply addition of cAMP itself (Hicks et a/., 1972)

all brought about an increase in intracellular cAMP as well as a parallel

increase in sperm fructolysis. Thus, increases in human sperm intracellular

cAMP levels via stimulation of adenylate cyclase by PGE would be expected

to increase the rate of sperm fructolysis.

Hoskins (1973) has suggested that sperm metabolism, and glycolysis

in particular, is primarily under nucleotide control. This theory suggests

that the rate of glycolysis is primarily determined by the relative

concentrations of ATP, ADP and AMP. Thus, the overall energy charge (Ec)
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of the cell is determined by the following equation:

Ec _ (ATP) ♦ l/z (ADPl
1ATP1 + {ADP1 + 1AMP1

(for reference see Atkinson & Walton, 1967). When the energy charge is

reduced, that is, when ATP levels decrease, glycolysis is increased since

enzymes which are ordinarily inhibited by ATP such as hexokinase,

phosphofructokinase, and glyceraldehyde-3-phosphate dehydrogenase are

activated. Factors like prostaglandins will reduce ATP levels initially by

stimulating its conversion to cAMP. These increases in cAMP will stimulate

sperm motility, thereby increasing the cellular demand for ATP, and so

further reducing the energy charge. As PGE's also seem to depress oxidative

phosphorylation and respiration, this is the major pathway whereby ATP

levels would be increased sufficiently so as to prevent glycolysis, a factor

which could explain why glycolysis precedes at near maximal rates.

It seems, however, that increased intracellular levels of cAMP may

also act directly upon the enzymes of the glycolytic pathway.

Phosphofructokinase, for example, catalyses the addition of a phosphate

derived from ATP to fructose-6-phosphate, forming the double

phosphorylated carbohydrate, fructose 1-6 diphosphate. Phosphofructokinase

may be controlled by changing the ability of the enzyme to bind fructose-

6-phosphate. The Km for fructose-6-phosphate (the substrate concentration

at which half of the maximal enzyme activity is obtained) may be increased

by substances such as ATP and citrate and decreased by a number of

modulators such as inorganic phosphate (Pi), and the mono and di-adenine

nucleotides, AMP and ADP (Hoskins & Stephens, 1969); Casillas & Hoskins,

1970; Hoskins et a/., 1970). Experiments have shown that, as far as monkey

sperm are concerned, the levels of ATP found in sperm extracts would be

sufficient to completely inhibit fructolysis in the absence of modulators of

ATP inhibition such as cAMP (Hoskins & Stephens, 1969). Thus, stimulation
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of intracellular cAMP by, for example E prostaglandins, may also stimulate

glycolysis by acting directly upon the glycolytic enzymes themselves.

7.9.7 Calcium, and the "predominance of, (/\l\\col\[sis Ooet Aerobic

/Metabolism
Several reasons have been put forward to explain the predominance

of fructolysis over aerobic metabolism in primate spermatozoa. One theory

suggests that inhibition of oxidative phosphorylation and respiration by

seminal plasma when the sperm density and motility is at its highest may

make such factors as ADP and NADH more readily available for the

glycolytic pathway (Murdoch et aJ., 1970; Voglmayr et al., 1970; Voglmayr,

1971). Interestingly, however, Peterson & Freund (1970) suggested that the

respiratory rate of human spermatozoa should provide adequate

concentrations of ATP to maintain motility. From their observations they

suggested that the energy provided by oxidative phosphorylation is utilized

for the maintenance of a cellular function other than motility, possibly ion

transport. As prostaglandins are known to increase intracellular calcium

concentrations in human sperm (Aitken et al., 1986; and see earlier

discussion in this chapter) and calcium is inhibitory to sperm motility, ATP

may be used possibly by the membrane pumps or by the mitochondria

themselves in an attempt to control the intracellular calcium levels.

Mitochondria are known to be able to accumulate calcium when intracellular

levels have become sufficiently high (see section 7.7.2a), that is, when the

cell is exposed to so called "loading" conditions. Under such circumstances,

the mitochondria of some cellular systems, have been shown to exhibit

defective oxidative phosphorylation (Eliasson, 1971b; Naylor et al., 1980). The

possiblility that cis unsaturated fatty acids in general, such as linoleic

acid, one capable of acting upon intact lymphocytes in a manner

characteristic of a classical mitochondrial uncoupler, possibly by increasing
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mitochondrial calcium cycling has been indicated (Arslan et al., 1984). More

specifically, in a recent paper, prostaglandins have been shown to elicit

intra-mitochondrial calcium overload and inhibition of oxidative

phosphorylation in cardiac mitochondria (Karamazyan, 1986b). Similar effects

of prostaglandins upon sperm mitochondria must therefore be borne in

mind. Certainly, experiments on ram spermatozoa have shown that increases

in intracellular calcium have little significant effect on sperm motility

when incubation is carried out in the presence of the mitochondrial electron

transport inhibitor antimycin A. Thus, glycolysis is not significantly affected

by intracellular calcium excesses. In the presence of deoxyglucose, an

inhibitor of glycolysis, cellular motility decreases as the intracellular

cytosolic calcium concentration rises, suggesting that mitochondrial activity

is highly sensitive to increased intracellular calcium (Breitbart et a]., 1985).

This introduction has shown sperm metabolism and motility to be

ultimately dependent upon optimal intracellular concentrations of both

cAMP and calcium. The effects of prostaglandins upon adenylate cyclase

activity in human spermatozoa have recently been reported (Aitken et a7.,

1986) and so will not be directly examined in this chapter. Prostaglandin

effects on other enzyme systems such as phosphodiesterase, and the

membrane pumps have not as yet been looked at in detail, and this will

form a large part of this chapter.

Concerning the number of references examining the effects of

prostaglandins upon spermatozoa, it seems surprising that as far as human

sperm are concerned, only one paper exists describing possible actions

upon metabolism. The rest of this chapter will examine the effects of

seminal prostaglandins upon both glycolysis and respiration using BWW as

the incubating medium.

7.10
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In the light of the results obtained from all of the experiments

described in this chapter, the validity of the hypothesis that the PGE: PGF

ratio is important to the ultimate level of sperm motility will be examined.

7.44.*7 "phosphodiesterase and Seminal "plasma
(a) Assay Procedure

The effects of seminal plasma on cAMP dependent phosphodiesterase

were determined using the following technique. In initial experiments,

bovine heart phosphodiesterase (Sigma - 0.38 units/mg) was used as the

source of the enzyme. Approximately lOmU of enzyme were added to a

reaction mixture consisting of ImM magnesium acetate (BDH), lOOpM calcium

chloride (BDH), and ImM unlabelled cAMP as substrate (Sigma) containing

50,000 cpm [3H] cAMP (Amersham International - specific activity = 30-50

Ci/mmol). The incubation volume was made up to 250pl with 25mM Hepes

buffer (pH 8.0) and the reaction carried out at 37°C for 30 minutes.

Separation of cAMP from AMP formed by the enzymic reaction was

carried out using a modification of a method described by Hoskins &

Patterson (1968) for the separation of fructose from lactate. Briefly, 3mls

of chilled distilled water were added to each tube to terminate the reaction,

followed by 1 ml of a saturated copper sulphate (BDH) solution. After

mixing, approximately 250mg of calcium hydroxide (BDH) was added, and

the mixture vortexed until a fine suspension was produced. This suspension

was allowed to react at room temperature for 30 minutes with periodic

shaking. Following a final vortex after 30 minutes, the suspension was

filtered using a 0.45p cellulose acetate filter (Oxoid). Approximately twelve

small filters could be made from one original disc if plastic LP3 test

tubes were used as a support. To make the filters, the blind end of the
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plastic tube was cut off and the rough edges cleaned up. The original tube

opening was then dipped in chloroform and this stuck to the acetate filter.

After allowing the plastic to dry, the tubes with attached filters were

separated, the rough edges cleaned up, and the filters tested for leaks. It

was found that a 5ml pipette bulb could provide sufficient suction to

filter a clear aqueous solution from the copper-lime complex. Typically,

SOOpl of filtrate was pipetted into a scintillation tube and 5mls of scintillant

added (RIA-Luma, Fisons). The tubes were counted for [3H1 on an LKB

Rackbeta liquid scintillation counter.

The effectiveness of the copper-lime technique in separating cAMP

from AMP was tested simply by adding 50,000 cpm of both [3H] cAMP,

and [l4Cl AMP (Amersham International - specific activity 500 mCi/mmol)

to 3 mis of distilled water. The separation procedure was then carried out

as described above.

(b) Preparation of Seminal Plasma for the Phosphodiesterase Assay

Semen was obtained from 8 healthy individuals and the sperm removed

by centrifugation at 500g for 5 minutes. A range of 1-100^1 of seminal

plasma was added to the phosphodiesterase assay described above and its

effects on this enzyme system calculated. Aliquots from 4 of the seminal

plasma samples were boiled for 5 minutes, after which a range of l-100(il

of solution was added into the assay. All assays were carried out in

triplicate with the results expressed in units, where one unit is that amount

of enzyme which hydrolyses 1 ^imole cAMP per minute at 37°C.

(c) Separation of Seminal Plasma on a C18 Column

Ten seminal plasma samples were pooled, and approximately half of

the total volume (11 mis) was separated into a lipid fraction and an aqueous

fraction using a reverse phase C18 sep pak column (Waters-Millipore)

which had been prewashed as indicated in the manufacturers instructions.

The liquid eluting straight from the column, the aqueous sep pak filtrate,
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was stored at -20°C until assay. The lipid fraction from the seminal plasma

containing the prostaglandins which remained on the column was eluted

with 5 mis of methanol. This methanol fraction was then dried down under

nitrogen, and the lipid extract taken back up to the original volume of

seminal plasma with 25mM Hepes buffer (pH 8.0). Again, a range of

between l-100pl of both aqueous and methanol fractions was tested in the

phosphodiesterase assay.

The proteins in the remaining seminal plasma were precipitated by

addition to acetone which had been chilled to -30°C using a dry-ice/

ethanol bath. The precipitated proteins were filtered from the solvent,

washed in acetone, refiltered, and excess solvent removed under vacuum

leaving a dry protein powder. The precipitate was taken up to a

concentration of lmg/ml in Hepes buffer, and again a range of l-100pl of

the solution tested in the phosphodiesterase assay. The effects of aqueous

filtrate, methanol fraction, and acetone precipitation on phosphodiesterase

activity were assessed in 2 triplicate experiments. A further 8 pooled

seminal plasma samples were treated in exactly the same fashion as above,

and again assayed twice in triplicate. The results from both sets of

experiments were pooled for statistical analysis (T-test).

(d) Effects of Caffeine and Zinc

The comparitive effectiveness of a known phosphodiesterase inhibitor,

caffeine (Sigma) was tested in the above assay. A range of 10pM-5mM was

examined. Similarly, the effectiveness of zinc sulphate (BDH) was assessed

in this system, here over a range of 10pM-6mM. Again, the results from 2

triplicate experiments were used for statistical analysis (T-test).

(e) Preparation of Crude Ram Sperm Phosphodiesterase

Caudal epididymal ram sperm were obtained as outlined in Chapter 4,

and the preparation of a sperm phosphodiesterase fraction attempted using

the method of Tash (1976). Ram sperm were centrifuged at 500g for 10
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minutes, and resuspended in 20mM-Tris buffer (Sigma) pH 7.S, containing

5mM 2-mercaptoethanol (Sigma), 2mM MgSO^, (BDH) and 1% Triton X-100.

The ram sperm were then sonicated using a Soniprep homogeniser (MSE)

and subsequently centrifuged at 100,000g for 60 minutes at 4°C (Sorval

ultracentrifuge). Typically, 50 or lOOpl of the supernatant were used in the

phosphodiesterase assay.

7.41.2 AVpase Assay
(a) Purification of Sperm Plasma Membrane Vesicles

As sufficient quantities of human sperm were not available to allow

membrane preparations to be used in the ATPase experiments, membrane

vesicles obtained from caudal epididymal ram spermatozoa were utilized. A

modification of the method described by Breitbart et al. (1983) was used to

prepare the plasma membrane vesicles.

Ram sperm were obtained using the method described in Chapter 4

(Section 4.5.2 b). These cells were centrifuged at I500g for 10 minutes and

the resulting pellet washed in buffer (for buffer composition see section

4.5.2 b). After the final wash, the pelleted sperm were resuspended in

lOmM histidine, pH 7.4 (BDH) containing O.SmM EDTA (BDH) and then

disrupted by sonication on a Soniprep homoginizer. The homogenate was

centrifuged at 3000g for 10 minutes, the supernatant removed and this

centrifuged at 6000g for 10 minutes. Again, the supernatant was removed,

centrifuged at 30,000g for 30 minutes, and the pellet resuspended in the

histidine buffer described above. The suspension was layered onto a

discontinuous sucrose gradient composed of 3mis each of 0.5, l.O, and

1.5M sucrose in lOmM histidine, pH 7.4. This gradient was centrifuged at

30,000 rpm (approximately l00,000g) on an ultracentrifuge for 18 hours,

after which the fractions at the sucrose interfaces were collected. These

fractions were assayed for their protein content (for method see Chapter
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2). Approximately 50(ig of protein was added to the ATPase assay described

below. The membrane fraction containing the majority of the (Na+- K+)

ATPase activity was located at the 1.5-1M sucrose interface. This activity

was stored at -20°C until used.

(b) ATPase Determinations

(Na+- K+) ATPase, Mg2+- ATPase, and (Ca2+- Mg2+) ATPase were

assayed simultaneously. The assay was carried out using 3 separate buffer

solutions. Solution A consisted of 0.2M Tris buffer - pH 7.4 (Sigma)

containing 4mM magnesium acetate (BDH), 6mM ATP (Sigma), 0.5mM EDTA

(BDH), and O.lmM ouabain (Sigma). The total assay volume was lml, and

50pg of plasma membrane protein were added to the system. Solution B

was essentially the same as solution A, with the addition of 0.2mM calcium

chloride (Sigma). Solution C contained 0.2M Tris buffer (pH 7.4), 4mM

magnesium acetate, 6mM ATP, O.SmM EDTA, 90mM NaCl (BDH) and 20mM

KC1 (BDH). Again, 50pg of membrane protein was added to give a final

assay volume of 1 ml.

The solutions were incubated at 37°C for 30 minutes, after which all

reactions were terminated by the addition of 1 ml of a 10% solution of

Trichloroacetic acid (TCA - BDH). The tubes were vortexed, and then

centrifuged for 15 minutes at 2,000 rpm. A 1 ml aliquot from each

centrifuged solution was taken and made up to a final volume of 5 mis

with the addition of 2.7 mis of distilled water, 0.5 ml perchloric acid

(BDH), 0.3 ml of colourimetric developing agent - ANS, and 0.5 mis of 5%

ammonium molybdate (BDH). The ANS solution consisted of 20g of sodium

metabisulphite (BDH), 6g of sodium sulphite (BDH), and 0.5g Fiske-Subbarow

reducer (Sigma) in 250 mis of distilled water. The ANS solution was made

up fresh before each experiment, and stored in a dark glass bottle in the

fridge until use. Following addition of these solutions to the 1 ml of assay

solution, the mixture was vortexed, and the colour allowed to develop for
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30 minutes. After 30 minutes, the solution was mixed again and the

absorbance at 660nm read on a Pye Unicam sphectrophotometer. The results

were compared against a phosphate standard curve. Typically, lOpg of

inorganic phosphate gave an absorbance reading of 0.24 units.

Solution A results were used to estimate the Mg2+- ATPase

concentration in the membrane preparation, while subtraction of the

solution A results from those of solution B gave an estimation of the

calcium activated magnesium ATPase activity. Subtraction of the solution

B results from those obtained in the solution C experiments gave an

estimate of the (Na+- K + ) ATPase levels within the plasma membrane

preparation.

The action of a range of l-100pg/ml of PGEj, PGE2, 19-OH PGE,

PGF2oc, arachidonic acid, and zinc on all of the 3 ATPase types was assessed.

The means ± SEM of 2 triplicate experiments were calculated and differences

analysed using T-test.

7.11.3 'Human J$jpezm /Metabolism £xpetiments
The design for the human sperm respiration experiments was essentially

similar to that described by Kelly (1977). Normal sperm samples obtained

from am infertility clinic were washed three times in BWW and resuspended

in the same medium to a concentration of 20x106 sperm/ml. Motility was

assessed both in the native seminal plasma and after the washing stage.

All sperm samples were incubated in full BWW (see general materials and

methods for composition) for 2 hours.

Following incubation, the sperm were centrifuged at 500g for 5

minutes, washed twice, and resuspended again to 20 x 1()6 sperm/ml in

a modified BWW medium in which all glucose had been replaced by fructose

(Sigma). Following resuspension, the percentage motile cells within the

sample were again assessed.
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Experimental incubations were carried out in a 4 ml unlipped glass

test-tube. Typically, lOOpl of sperm suspension (2 million cells) were added

to each tube. Where prostaglandins were used in the incubations, these

were evaporated into the bottom of the culture tubes and resuspended

upon addition of the sperm. For the experiments in which the calcium

concentration of the BWW was modified, separate experiments were carried

out using medium in which no calcium was added, as well as medium in

which calcium was not only omitted, but the medium augmented by the

addition of 0.05mM EGTA (Sigma). Prostaglandin experiments were then

repeated using these modified suspending media. Experiments were also

carried out in which a range of concentrations of dibutryl cAMP (Sigma),

caffeine (Sigma), and zinc sulphate (BDH) were added to the sperm

suspensions.

In addition to the unlabelled fructose present in the incubation medium,

lpCi C14C] fructose (Amersham International - specific activity = 300

mCi/mmol) was added to 4 experimental tubes, while 2 tubes were used

to assess sperm motility after the experimental incubations. All tubes

were sealed with a rubber cap, and incubated at 37°C for 30 minutes.

At the end of the incubation period, 30pl of 6N HC1 was added through

the seal of the 4 labelled tubes, the tubes vortexed just after addition, and

again after a 10 minute delay. A 5 ml disposable syringe containing a pellet

of KOH (BDH) was used to withdraw a gas sample from each incubation

tube. The needle was inserted through the seal, and a fixed volume, usually

5 mis of air, was withdrawn. Both syringe and tube were submerged in

water and the needle removed. Water was then allowed to enter the syringe.

After removing the needle, the filled syringe was capped and shaken in

order to dissolve the pellet of KOH, and trap the liberated COo in the

resulting alkaline solution. Typically, 0.5 ml of the solution was mixed

with 5 mis of scintillant, and counted in an LKB Rackbeta liquid scintillation
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counter.

The rubber seal was removed from the Incubation tube, and 1 ml of

distilled water was added. After vortexing, the solution was decanted into

a clean 10 ml glass vial. To this, a further 2 mis of distilled water was

added along with 1 ml of saturated copper sulphate solution. Separation of

lactate from fructose was carried out using exactly the same procedure as

that used in the separation of cAMP from AMP outlined earlier in this

section. At the end of the 30 minutes, motility was also measured on the

remaining 2 tubes from each experimental point.

Throughout these experiments, in addition to the appropriate

experimental sperm controls, sperm-free buffer controls and boiled sperm

controls were also used.

Determination of the uptake of both fructose and lactate (Amersham

International - specific activity = 20mCi/mmole) was done by adding 50,000

cpm of label to 3 mis of distilled water, and carrying out the copper/lime

separation.

7.42.1 "Results ^\iem the "phosphodiesterase Experiments
The results of 15 adenosine nucleotide separation experiments showed

that cAMP could be separated from AMP using the copper/lime systems.

Cyclic AMP is not retained by the copper/lime complex, as 94 * 3% (mean

* SEM) of cAMP label could be recovered from the filtered solution, while

only 4 * 0.5% (mean ± SEM) of AMP was present in the filtrate. These

percentages were constant, irrespective of whether up to 1 mg/ml of

unlabelled cAMP or AMP was present in the solution.

The mean results for the effects of seminal plasma on purified beef

heart phosphodiesterase activity (PDE activity) can be seen in Figure 7.1.



^Lgut* 7.1 Effects of increasing doses of seminal plasma and boiled

seminal plasma on the activity of bovine heart

phosphodiesterase.
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Overall, the effect of seminal plasma was to significantly reduce the activity

of PDE (p < 0.05) even when only 1 ^xl was added. The maximum effect

could be seen after 20pl of seminal plasma were added. In general, a

reduction in enzyme activity of about 20-25% is seen.

This enzyme inhibition is abolished if seminal plasma samples are

boiled for 5 minutes. When similar experiments are carried out with the

boiled seminal plasma, up to a 25% increase in PDE activity occurs (see

also Figure 7.1).

Not surprisingly, differences do occur within the individual samples as

far as PDE inhibiting activity are concerned. Two samples gave a maximum

inhibition of 65 and 54%, equivalent to about 5mM caffeine, or 500^M of

zinc (for caffeine and zinc effect on PDE see Figure 7.2). The normal

reduction in activity, however, was between 13 and 26%. These effects were

equivalent to about 750pM caffeine or IOOjiM zinc. Interestingly, one sample

increased PDE activity significantly (although the increase was relatively

small, only 10%) suggesting that components within seminal plasma could

both stimulate as well as inhibit PDE activity.

In order to determine which fractions of seminal plasma contained

the inhibitory and stimulatory components, seminal plasma was crudely

separated into an aqueous fraction, a methanol, lipid fraction, and a protein

fraction. Separation of the aqueous filtrate from the lipid fraction was

carried out on a reverse phase C18 sep pak column, while an acetone

precipitation step was used to obtain the seminal proteins.

Figure 7.3 shows the cummulative results for the effects of these

3 fractions. While the acetone precipitated protein fraction (reconstituted

to a concentration of 1 mg/ml) had no effect whatsoever on PDE activity,

the seminal filtrate containing the non-polar fractions from the plasma

significantly reduced PDE activity (p <0.01). The polar, lipid fraction

increased enzymic activity. This increase could be seen on the addition of



Effects of increasing concentrations of caffeine and zinc

on the activity of bovine heart phosphodiesterase.
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5pl of lipid fraction, the maximum increase occurring after l()(d had been

added to the experimental incubations (p <0.001). Although an increase

could still be seen after the addition of 80% of methanol fraction (p <0.01),

with 100(xl there was no significant difference between enzyme activity and

the initial control values.

It seems likely, then, that the ultimate ability of the seminal plasma

to influence PDE activity depends upon the interaction between various

constituents. The aqueous seminal filtrate has the ability to inhibit enzyme

activity by up to 60%, values which were seen for 2 individual seminal

plasmas, and an inhibitory action which is equivalent to about SOOpM of

zinc, a known seminal plasma component (Hommonai et aJ., 1978; Skandkan,

1981; Hidiroglon and Knipfel, 1984; Canale et aJ., 1986). The total

concentration of zinc present within seminal plasma is given as 14 mg/lOOml

(Mann & Lutwak-Mann, 1981). In these experiments, 500pM zinc can be

converted to approximately 14.4mg/100mls, and so the levels of Zn2+ used

were roughly physiological. The free ionic zinc concentration is only a

small percentage of the total, however, as zinc is bound both to high

molecular weight components of the seminal plasma, probably glycoproteins,

and is also complexed with low molecular weight substances such as

citrate (Arver, 1982). The exact levels of free zinc, then, may vary markedly

with the presence or absence of other compounds within the seminal

plasma, a factor which may explain the differing results obtained for the

whole seminal plasma. Most certainly, seminal plasma zinc has been shown

to affect both sperm motility and indeed the ultimate fertility of the

sperm samples. Samples with a low sperm motility, for example, were

shown to contain a greater quantity of high molecular weight zinc than

samples with high motility, while fertile men were often seen to possess

seminal plasma containing a lower percentage of zinc bound to high

molecular weight components (Arver, 1982). Zinc is also known to bind to



*J-lqute 7.3 Effects of 3 major fractions obtained from human seminal

plasma on the activity of bovine heart phosphodiesterase.
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sperm (Huacuja et al., 1973) and although the effects seen on sperm motility

have more often than not been inhibitory (Holland & White, 1980), an effect

on PDE activity as one of the many influences of seminal plasma zinc

cannot be ruled out. Additionally, zinc has been shown to be an effective

PDE inhibitor in other biological systems (Okabayashi & Ide, 1970).

Zinc, however, is not the only factor present within seminal plasma

which is a known PDE inhibitor. Spermine can also inhibit this enzymic

activity (Shah & Sheth, 1978), and it seems likely that this polyamine would

be present within the sep pak filtrate, although this is not known for

certain. The effects of spermine on PDE activity were not assessed.

The presence of the calmodulin-like, calcium regulatory protein,

calsemin, within seminal plasma (Bradley & Forrester, 1982) probably explains

why boiled seminal plasma stimulates PDE activity. It seems likely that

boiling would either destroy or complex any inhibitory seminal components,

while the relatively small, heat-stable protein, calsemin (molecular weight

16-17,000) would be unaffected by this process. It is surprising, then, that

the acetone precipitated proteins from seminal plasma have no effect on

PDE activity, as calmodulin, or calmodulin-like proteins would be expected

to be present within this fraction. Calmodulin has also been shown to be

associated with spermatozoa from many species (Brooks & Siegel, 1973;

Jones et al., 1978; Jones et al., 1980; Feinberg et al., 1981; Noland et al.,

1985; Weinman, 1986) including human sperm (Forrester & Bradley, 1980;

Bradley & Forrester, 1982), and its ability to stimulate PDE activity has

been suggested by the fact that both mouse germ cells and rat caudal

epididymal sperm PDE are sensitive to calcium. Additionally,

trifluoroperazine, a known calmodulin antagonist, has been shown to

stimulates human sperm motility possibly, the authors suggest, via the

inhibition of calmodulin sensitive PDE (Hong et al., 1985). The influence of

this peptide on PDE activity therefore cannot be discounted. Indeed, its
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presence and ability to stimulate PDE might provide an explanation for the

inhibitory effects of other seminal components. While it is possible that

zinc, for example, competes with magnesium for binding sites on the PDE

enzyme itself, zinc can also compete with calcium for the binding sites on

the calmodulin molecule thereby providing another potential route for

inhibition of the enzyme (Anderson et aJ., 1982).

The stimulatory effect of the lipid fraction containing the seminal

prostaglandins comes as a surprise, as work in other biological systems

has suggested that the influence of prostaglandins was to decrease PDE

activity (Chasin & Harris, 1976; Nemecek et aJ., 1979). The stimulatory

effect of this fraction coupled to the presence of calmodulin or calmodulin-

like binding proteins within the seminal plasma would certainly explain the

slight, but significant stimulatory effect of one of the seminal plasma

samples examined. The fact that boiling the seminal plasma allows

stimulation of PDE activity in semen samples where an inhibitory effect

had previously been seen suggests, however, that in the majority of cases

this stimulatory capacity is negated by the potential inhibitory effects of

other compounds, such as zinc or possibly spermine.

The attempts at purification of ram sperm phosphodiesterase were

for the most part unsuccessful, and the majority of preparations were

inactive as far as this enzyme activity was concerned. The results using

the beef heart phosphodiesterase do provide some indication, however, as

to the effectiveness of seminal plasma on enzymic activity, although it

must be conceded that all of the experiments outlined here, as well as

determinations of the effects of individual compounds, especially the

prostaglandins, need to be repeated using a sperm specific enzyme.

7.12.2 AUpase "feesuits

Magnesium ATPase (Mg2+-ATPase), calcium-activated magnesium



figure 7.4 Effects of PGE! on ATPase activity isolated from epididymal

ram spermatozoa.

^Ujute 7.5 Effects of PGE2 on ATPase activity isolated from epididymal

ram spermatozoa.
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ATPase (Ca2+- Mg2+)-ATPase, and sodium-potassium ATPase (Na+- K+)

-ATPase were all found to be present in the ram sperm plasma membrane

vesicles. The levels of (Ca2+- Mg2+) ATPase obtained in these experiments

(0.97pmoles Pi released/mg protein/hour) compared favourably with those

found in a previous study (Breitbart et aJ., 1983 - 1.6pmoles Pi released/mg

protein/hour). Mean levels (± SEM) of Mg2+- ATPase were 8.0 * 1.9 (imoles

Pi released/mg protein/hour, while the level of (Na+- K+) ATPase was

1.46pmoles Pi released/mg protein/hour. The results of the addition of

each compound tested on all ATPases can be seen in Figures 7.4-7.9.

All incubations influenced the most active membrane ATPase, Mg2 -

ATPase, only slightly. 19-OH PGE, PGE1; PGF2a all stimulated Mg2+ ATPase

by up to 10%, while both arachidonic acid, the prostaglandin precursor, and

zinc showed inhibitory effects. Arachidonic acid significantly inhibited Mg2+

ATPase at a concentration of lOOpg/ml (p < 0.001), this inhibition being

approximately 35% of control levels. Zinc, after a slight initial stimulation

(p<0.05) at concentrations between 20-30pg/ml, inhibited Mg2+ ATPase at

higher doses (SO-lOOpg/ml - probability p<0.01).

Similar to the Mg2+ATPase results, (Na+- K+) ATPase was influenced

little by PGEt, PGE2, 19-OH PGE or PGFoOt. The last 2 prostaglandins,

however, did increase enzymic activity by 30-40% at concentrations of

lOOpg/ml (p<0.05). While this concentration is well within the range

normally seen for 19-OH PGE, it is between 10-20 times the normal

concentration of PGF2a found in seminal plasma.

Arachidonic acid stimulates (Na+- K+) ATPase activity. Stimulation is

seen between 5 and 50pg/ml (p<0.05), while at 100(ig/ml no effect is

apparent. Zinc, on the other hand, has no effect on (Na+- K+) ATPase

activity at concentrations below 20pg/ml, while at concentrations above

this, both stimualtory and inhibitory effects are observed. At 30^g/ml, for

example, a 40% stimulation in this ATPase activity is seen (p<0.01), while



^iquze 7.6 Effects of 19-OH PGE on ATPase isolated from epididymal

ram spermatozoa.

7.7 Effects of PGF2ot on ATPase activity isolated from epididymal

ram spermatozoa.
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increases beyond this concentration produce a dose dependent inhibition of

enzymic activity. At lOOpg/ml zinc, (Na+-K+) ATPase activity is reduced

almost to zero (p < 0.001).

Possibly the most interesting effects are seen on the calcium activated-

magnesium ATPase activity. All of the prostaglandins tested significantly

stimulated this enzyme. PGEj and PGE2 had very similar effects, producing

a maximal stimulation of (Ca2+- Mg2+) ATPase at a concentration of SOpg/ml

(p < 0.001). This stimulation of approximately 30% was maintained even at

higher PGE concentrations (up to lOO^ig/ml). 19-OH PGE was slightly more

effective in its stimualtory capacity, the maximum effect being seen at

about 20-25 pg/ml (p <0.001). 19-OH PGE produced a stimulation of 50-60%,

this effect again being maintained even at the higher prostaglandin

concentrations. PGF2oc was the most effective prostaglandin in its ability

to modulate (Ca2+- Mg2+) ATPase activity. Enzyme activity was almost

doubled at 100pg/ml, (p < 0.001) although significant stimulation occurred

from 5jig/ml (p<0.05) onwards. It must be remembered, however, that

concentrations of PGF2a above 5-10 pg/ml are rarely seen in seminal plasma.

Arachidonic acid and zinc have entirely the opposite effects on (Ca2+-

Mg2+) ATPase to those which were seen for the prostaglandins. Arachidonic

acid inhibited (Ca2+-Mg2+) ATPase in a dose dependent manner up to

lOOpg/ml. At lOOpg/ml, the mean enzyme inhibition seen was approximately

50% (p<0.01). Zinc, after an initial stimulation of activity at lOpg/ml (p<0.01)

also inhibited (Ca2+- Mg2+) ATPase in a dose dependent manner. At 100pg/ml,

40% inhibition of activity is seen (p<0.01).

7.12.3 <rUhe £{,-(,eets of "prostaglandins, db eA/Wp, da^eine and 3.inc on

-Human £>prezm CO^, and Lactate "pzaduction

Separation of radiolabeled fructose and lactate using the copper/lime

technique was determined from 15 experiments. Percentage lactate levels in



rjf-lquze 7.8 Effects of arachidonlc acid on ATPase isolated from

epididymal ram spermatozoa.

7.9 Effects of zinc on ATPase isolated from epididymal ram

spermatozoa.
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the filtrate were found to be 92.6 - 4.2% (mean - SEM), while the level of

fructose was was only 3.7 - 0.3% (mean - SEM). This demonstrated that

the copper/lime separation technique could be used to show the production

of lactate from fructose.

Figure 7.10 shows the effects of increasing concentrations of 19-OH

PGE on human sperm respiratory C02 released and lactate accumulation

using fructose as the major substrate. C02 production, after an initial

small stimulation at lOpg/ml (p<0.05) was decreased in a dose dependent

manner up to a concentration of lOOpg/ml (p < 0.001), after which, further

increases in the concentration of 19-OH PGE to 300pg/ml had no effect.

From lOO^g/ml onwards, the average decrease in C02 production was 20%.

Lactate, on the other hand, showed a steady rise in production with

increasing 19-OH PGE addition up to 300^g/ml (p at 300pg/ml = <0.001).

At its maximum, the percentage increase was 30%. The effects of the

19-OH E prostaglandins on the C02 production of human sperm are

essentially similar to those seen by Kelly (1977). This author showed a

similar decrease in the production of 14C02 from washed ejaculated human

spermatozoa incubated with either natural or synthetic 19-OH PGE. A

maximal effect was seen at lOOpg/ml, although the degree of suppression

at 59% was greater than that seen in the experiments described in this

chapter. Kelly, however, found no effects of 19-OH PGE's on lactate

production unless glucose was used as the substrate.

The effects of physiological concentrations of 19-OH PGE (lOOpg/ml)

as well as the other seminal prostaglandins (PGEj - 30(ig/ml; PGE2 -

30pg/ml; PGEj + PGEo - 30 + 30pg/ml; PGF2a - lOpg/ml) on the metabolism

of washed ejaculated human sperm cam been seen in Figure 7.11.

All prostaglandins were seen to decrease sperm C02 production

significantly. PGEj + PGE2 produced the greatest reduction (p<0.01) of 36%.

This is an additive effect of both PGEj and PGE2, as individually both



^fi^uze 7.10 Effects of increasing concentrations of 19-OH PGE on COz

liberation and lactate production by washed ejaculated

human spermatozoa.
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prostaglandins reduced sperm C02 release by approximately 18%. 19-OH

PGE, at 100^g/ml gives (as was seen in the previous experiment) about a

24% decrease in sperm C02 production. PGF2a is possibly the most effective

at reducing sperm C02 production. At a concentration of lO^g/ml, PGF2a

gives a reduction in C02 (-17%) similar to that of either 3 times the

concentration of either PGE, or PGE2 and 10 times the amount of 19-OH

PGE. Kelly (1977) found that neither PGEj, PGE2 nor PGF2a even at relatively

high concentrations (150gg/ml) had any effect on spermatozoal C02 or

lactate production.

As far as lactate production is concerned, 19-OH PGE increased lacate

accumulation by 23% (p<0.01). Interestingly, PGEj had no effect overall on

lactate production, while PGE2 at the same concentration was capable of

stimulating lactate production by 10% (p<0.05). Together, PGEj and PGE2

gave a 16% increase in spermatozoal lactate production, an effect which is

slightly synergistic. PGF2a decreased sperm lactate production by 15%

(p<0.05). The range of this decrease differed throughout the individual

samples examined from no effect (-1%) to a 33% decrease. For all samples,

however, a decrease was evident, however small.

The changes in motility associated with the incubation of human

sperm with the seminal prostaglandins are summarized in Table 7.1. It

must be remembered that the method of motility analysis depends entirely

upon the individual's microscopic observation, and is not as accurate as the

photomicrographic studies used in previous experiments (Aitken & Kelly,

PG MEAN SD PROB

BWW 63 3 -

19-OH PGE 68 4 p < 0.05
PGE, 64 4 NS

PGE2 65 4 NS

PGE,+PGE-7 67 5 p < 0.05
PGE, a 58 6 p <0.05

<Xnble 7.1 Effects of prostaglandins on human sperm motility (full
BWW medium). Mean of 8, duplicate experiments.



figure 7.11 Percentage changes in C02 liberation and lactate production

by washed ejaculated human spermatozoa on incubation with

seminal prostaglandins.
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1985) or the computerized image analysis techniques used in an earlier

chapter in this thesis (see Chapter 6). It was expected, however, that as

the same individual carried out all of the motility tests, the subjective

analysis would at least remain constant throughout. Because of the

limitations of the technique used, only the overall percentage motility has

been assessed. Measurements of other motility parameters such as velocity

and lateral head displacement were not made.

Overall, the differences in motility on treatment with prostaglandins

were quite small. 19-OH PGE, for example, while significantly increasing

the percentage of motile sperm (p<0.05 - T-test) produced only a mean

difference of 5% from the mean control value. Neither PGEj nor PGE2

produced any effect individually, while together a mean increase of 4% was

obtained. The PGF2a incubations decreased motility by a mean value of 5%,

a figure which was again found to be significantly different from the

BWW control (p<0.05).

As far as changes in motility in the individual samples are concerned,

the largest increases occurred if E prostaglandins were incubated with

spermatozoa with a relatively low initial motility. For one individual, for

example, the control motility was 54%. Incubation of this sample with

19-OH PGE produced a 36% increase in lactate production, and a 10% increase

in motility. Another individual sample, however, had a control motility of

76%, and here only a 10% increase in lacate production was seen upon

incubation with 19-OH PGE. In this experiment, the addition of this

prostaglandin failed to change the overall percentage motility of the sample.

Such results are consistent with the idea that the increase in motility is

brought about by the stimulation of previously immotile spermatozoa while

the sperm which are already highly motile are unaffected by incubation

with E prostaglandins.

In a similar manner to the 19-OH E prostaglandins, PGEj and
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PGE2 produced the biggest increases in lactate production and motility

when the initial motility was low. With PGF2a, on the other hand, no such

effect was seen. Although with one sample possessing an initial motility

of 54%, PGF2a induced a 33% decrease in lactate production and an 11%

decrease in motility. Such decreases in motility were not limited to the

lower motility samples. Two other samples with initial motilities of 76%

and 74% showed motility reductions of 6% on incubation with PGF2a. It

seems from these observations that, unlike the situation with the E

prostaglandins, the inhibitory effects of PGF2a do not necessarily depend

upon the initial motility of the sample.

In the introduction to this chapter, it was suggested that increases in

sperm motility were associated with increases in intracellular cAMP levels,

and that these increases in intracellular cAMP levels were thought to be

capable of bringing about an increase in glycolysis. To test this,

spermatozoa were incubated with the cAMP analogue dbcAMP and the

phosphodiesterase inhibitor caffeine. Results of these experiments can be

seen in Tables 7.2 and 7.3.

Although decreases in C02 liberation were seen with increasing

concentrations of dbcAMP, no significant change was seen overall. Lactate

production did increase significantly in a dose dependent fashion from

250pM onwards. This suggests that the increased intracellular levels of

cAMP brought about by the addition of the analogue increased glycolysis

while having only a slight inhibitory effect on oxidative phosphorylation.

Motility increased slightly with the increasing lactate production, the

maximum effect being seen on addition of lOpM dbcAMP. Here, a 9%

increase in the overall percentage motility was observed. Although this was

not significant at a probability level of p<0.08, significance has almost

been achieved.

Incubation of human sperm with caffeine induced changes in both
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Cone.

(pM)
CC>2 liberation
X control t SD

prob.

lactate

production
% control

± SD

prob.
X motility

± SD
prob.

O 100 ± 29 - lOO ± 11 - 57 ± 11 -

io 88 ± 32 NS 98 ± 9 NS -
-

100 85 ± 25 NS 104 ± 11 NS - -

2SO 95 ± 32 NS 108 ± lO p <o.os 56 ± lO NS

SOO 102 ± 26 NS no ± 10 p <o.os S7 ± 8 NS

7SO 97 ± 24 NS 109 ± 11 p <0.05 - -

l.OOO 95 ± 13 NS 113 ± 13 p <0.01 60 ± 8 NS •

2,000 99 ± 19 NS 115 ± 11 p <o.oi
- NS

5,000 109 ± 26 NS 125 ± 14 p <o.ooi 64 ± 7 NS

10,000 119 ± 25 NS 132 ± IS p <o.ooi 66 ± 7 p <0.08

Table 7.2 Effects increasing concentrations of the cAMP analogue,
db cAMP on human sperm metabolism and motility.
Mean of 4, quadruplicate experiments.

Cone.

<pM)
CC>2 liberation
X control i SD

prob.

lactate

production
X control

± SD

prob.
% motility

± SD
prob.

0 100 ± 21 - lOO ± 18 - 57 ± 10 -

lO 93 ± 18 NS lOO ± 16 NS -
-

100 77 ± 21 p<0.05 108 ± 20 NS - -

250 88 ± 29 NS 113 ± 17 p <o.os 58 * 9 NS

500 93 ± 28 NS 125 ± 21 p <o.oi 60 ± a NS

7SO lOS ± 15 NS 135 ± 24 p <o.ooi - -

1,000 119 ± 17 p<O.OS 144 ± 22 p <o.ooi 65 ± 7 NS

2,000 113 ± 21 NS 156 * 26 p - O.OOl
-

-

S.OOO 117 ± 16 p<0.05 158 ± 25 p <o.ooi 66 ± 6 p <0.05

10,000 122 ± 22 p^O.Ol 157 ± 23 p <o.ooi 72 ± 7 p -^O.Ol

Table 7.3 Effects increasing concentrations of the phosphodiesterase
inhibitor, caffeine, on human sperm metabolism and motility.
Mean of 4, quadruplicate experiments.



2S3

C02 and lactate production. At a concentration of lOO^iM a significant drop

in C02 liberation could be demonstrated, while at the higher concentrations

used (5-10mM), a significant increase in C02 liberation was observed.

Lactate production showed a dose dependent increase with increasing

concentrations of caffeine. As with the db cAMP incubations, a significant

increase was seen from 250^M. This increase plateaued at 2mM.

The results show that caffeine was a more effective stimulator of

lactate production them the cAMP analogue. At a concentration of 2mM,

caffeine produced a 56% increase in lactate production, while at its maximum,

dbcAMP produced only a 30% increase, and at 5 times the relative

concentration. The increased lactate production on incubation with caffeine

also reflected much greater changes in the observed motility, and significant

increases were observed after addition of 5-10mM of this inhibitor. At

10mM, a maximal increase in motility of 15% was observed (of the 9%

increase in motility with the addition of the same concentration of dbcAMP).

These results suggest that the increases in lactate production, and

consequently motility, are related to increases in intracellular cAMP levels.

As prostaglandins of the E series have been shown to increase intracellular

cAMP levels in several biological systems, including spermatozoa (see

introduction for references) it can be argued that the increases in both

lactate production and motility seen upon addition of 19-OH PGE as well

as PGEj an PGE2 are due to these prostaglandins stimulating adenylate

cyclase and consequently the levels of intracellular cAMP.

The experiments in which the concentration of calcium within the

BWW was reduced were preliminary attempts at determining whether

prostaglandins, acting possibly as ionophores, were reducing the oxidative

capacity of the spermatozoa. With no calcium added to the BWW, the

effective concentration of this ion is approximately lOpM, while in the

presence of the chelator EGTA, this is reduced to zero.
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When no calcium is added, neither the addition of 19-OH PGE nor

PGEj + PGE2 produces a decrease in C02 liberation which is significantly

different from the BWW control (see Table 7.4). Reductions in C02

liberation with 19-OH PGE and PGEj + PGE2 in the presence of calcium

were -24% and -36% of the control respectively. In the absence of added

calcium, these reductions were -17% and -12% for 19-OH pge and pgej +

pge2.

PG C02 liberation
% control * SD

prob.

lactate

production
% control

± SD

prob.
X motility

± SD
prob.

BWW 100 ± 29 - lOO ± 20 - 68 ± 4 -

19 OHPGE 03 ± 25 NS 138 ± 18 p <o.ooi 75 ± 3 p <0.01

E| + E2 79 ± 29 NS 117 ± 22 p <0.05 69 ± 3 NS

PGF2ce 73 ± 35 p<0.05 86 ± 21 p <0.06 61 ± 5 p <0.05

Effects of prostaglandins on human sperm metabolism and
motility while incubated in a medium with no added calcium.
Mean of four, quadruplicate experiments.

When EGTA was added to the medium, the changes in C02 liberation

compared to the control values were -2% for 19-OH PGE, and -12% for

PGEj + PGE2 (see Table 7.5). Again, these differences were not significantly

different from the BWW controls. Thus, by removing calcium from the

incubating medium, the ability of 19-OH PHE and PGEt + PGE2 to lower

C02 liberation, and presumably oxidative phosphorylation, has been to a

great extent negated.

PG C02 liberation
% control i SD

prob.

lactate

production
% control

* SD

prob.
% motility

± SD
prob.

BWW lOO ± 32 - 100 ± 24 - 62 * 9 -

19-OH PGE 98 ± 18 NS 145 ± 21 p <0.001 73 ± 6 p <o Ol

E1 + E2 88 t 17 NS 125 ± 24 p <0.01 71 ± 7 p 0.05

PGF2oc 81 ± 20 p<0.05 86 ± 22 p <0 .08 59 ± lO NS

"Table 7.5 Effects of prostaglandins on human sperm metabolism and
motility while incubated in a calcium free medium.
Mean of four, quadruplicate experiments.

Interestingly, the ability of PGF2a to reduce the amount of COo

liberated by human spermatozoa remained relatively unchanged, irrespective
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of the extracellular concentration of calcium.

Similarly, glycolytic metabolism was largely unaffected by the loss of

external calcium. In the presence of calcium, 19-OH PGE increased lactate

production by 23%. With no added calcium, the stimulatory effects of

19-OH PGE were increased, and lactate production rose by 38% with respect

to the control. In the complete absence of extracellular calcium, lactate

production was increased by 45% in the presence of 19-OH PGE.

Motility was also seen to increase marginally in the presence of

19-OH PGE if calcium containing media results were compared with calcium

deficient media (cf +5% with +11%). The ability of PGF2oc to reduce sperm

lactate production was also unaffected by the presence or absence of

calcium in the medium.

In the final series of human sperm metabolism experiments, the

effects of zinc upon C02 liberation, lactate production, and motility were

assessed (see Table 7.6). The effects of zinc on all parameters examined

showed a characteristic biphasic trend, that is, stimulation at low

concentrations, and inhibition as the concentration increases. If effects on

C02 production are examined, lOpM zinc produces a significant (p<0.()5)

46% increase relative to the control, while 500pM zinc reduced C02

production by 45%. At ImM zinc, C02 production was reduced by 79%.

Concerning lactate production, lOpM zinc produced a small increase

(+17%) with respect to the control. This increase approached but did not

quite reach statistical significance. Unlike the changes seen for C02

liberation, a significant decrease in lactate production was observed upon

incubation with 250pM zinc. At ImM, lactate production had been reduced

to only 28% of the control. This may reflect a cytosolic action of 7,n2+

The overall percentage motility was also reduced by incubation with

zinc. Significant reductions were seen from SOOpM onwards, the maximal

reduction at ImM being 26%. As with all of the human sperm experiments.
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Cone.

(liM)
CC>2 liberation
X control ± SD

prob.
lactate

% control
± SD

prob.
X motility

± SD
prob.

0 lOO ± 58 - 100 ± 27 - 67 ± 6 -

io 146 ± 68 p<O.OS 117 ± 25 p <0.09 70 ± 5 NS

100 111 ± 57 NS 101 ± 24 NS 67 ± 5 NS

2SO 80 ± 41 NS 75 ± 25 p <0.05 61 ± 7 NS

SOO 55 ± 38 p<O.OS 55 ± 22 p <0.01 58 ±7 p <o.os

750 26 * 23 pc.OOl 34 ± 24 p <o.ooi 47 ± 13 p <o.oi

l.OOO 21 ± 22 pc.OOl 28 ± 24 p <0.001 41 ± 19 p <0.01

<Table 7.6 Effects of zinc on human sperm metabolism and motility.
Mean of 4, quadruplicate experiments.

individual samples differed greatly in their response to incubation with

various substances, and zinc was no exception. Of the four samples tested,

the motility of 2 samples remained relatively high (54% and 60%) even on

incubation with ImM zinc. Motility decreases here were only 15% for both

samples. The 2 other samples, however, were severly affected by the

presence of zinc, the motility in these samples being reduced to 32% and

16% (decreases of 28% and 48% respectively).

7.13 Ccnciusicns
Results obtained in this chapter have confirmed the fact that

prostaglandins can have direct effects upon spermatozoa. The motility

observations linked with the sperm respiration experiments suggest that

both 19-OH PGE and PGE can stimulate human sperm motility slightly,

while incubation with PGF2a causes a small reduction in this parameter.

Effects of 19-OH PGF were not obtained. These results suggest that the

relationships observed between the PGE: PGF ratio and motility (discussed

in Chapters 5 and 6) might not be just an example of unlinked correlation

but a direct measurement of the effectiveness of seminal prostaglandins to

modulate motility.

The opposing actions of the seminal prostaglandins on motility were
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reflected in the actions of E and F prostaglandins on metabolism. While

all prostaglandins were seen to significantly reduce sperm C02 production

(an indication of oxidative metabolism), differential effects were noted on

the ability of the sperm to convert fructose to lactate (fructolysis).

Interestingly, a mixture of 19-OH PGEj and 19-OH PGEo increased lactate

accumulation, while PGEj was found to be without effect. PGFooc on the

other hand decreased the mean sperm fructolytic rate by approximately

15%.

Kelly (1977) had previously suggested that 19-OH PGE alone could

inhibit the production of labelled COo from labeled fructose, incubation

with any other prostaglandin being completely ineffective. In his studies,

no prostaglandin (including 19-OH PGE) caused any significant change in

the anaerobic pathway of metabolism unless labelled glucose was used as a

substrate. The experiments described in this chapter demonstrated that

both PGE and 19-OH PGE significantly stimulated lactate production while

PGF2a inhibited production.

One possible explanation for the differences in results observed for

the two studies is the composition of the incubating medium. Kelly used

three basic cell suspension media in his experiments: (a) phosphate buffer

(b) phosphate-carbonate buffer (c) low phosphate tris buffer, while the

experiments in this chapter used a more complex hyperosmotic BWW

medium previously shown to be the most efficient in stimulating the egg

penetrating capacity of human spermatozoa (Aitken et aJ., 1983d). The

sperm were also washed three times in this study eis opposed to twice in

Kelly's study, and then allowed to equilibrate in the medium for a period

of two hours before incubations with prostaglandins were carried out.

The ability of prostaglandins to decrease oxidative phosphorylation

and respiration may explain the predominance of fructolysis over this type

of metabolism, at least in human sperm. In the early 1970's it was suggested
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that the inhibition of oxidative phosphorylation occurred when sperm density

and motility was at its highest (i.e. at ejaculation), thus preventing the

excessive depletion of such metabolic cofactors as ADP and NADH, enabling

their utilisation in the glycolytic pathway (Murdoch et a/., 1970; Voglmayr

et al., 1970; Voglmayr, 1971). While the oxygen uptake of human sperm

concentration decreased (Deutch et al., 1985), as yet no evidence has been

provided to suggest that such a cofactor shortage would occur in primate,

and in particular, human spermatozoa. Indeed, as long as sufficient

exogenous substrate in the form of glucose or fructose is supplied it has

been calculated that the human sperm respiratory rate should be sufficient

to provide enough energy in the form of ATP to maintain full motility

(Peterson and Freund, 1970; Suter et al., 1979). An alternative argument is

that the reduction in the oxidative capacity of human sperm is simply due

to the fact that prostaglandins are present within the seminal plasma.

There need not be any physiological benefit for this metabolic reduction

and in fact the inhibition might be considered as an unwanted side effect.

Thus by stimulating intracellular cAMP levels, for example, the

prostaglandins would also decrease oxidative phosphorylation simultaneously.

From what little information is available for the metabolic capabilities of

several species of spermatozoa, it is interesting to note that glycolysis

becomes more prevalent in those species whose seminal plasma contains

prostaglandins (i.e. particularly primate spermatozoa), and not necessarily

those species whose sperm density at ejaculation is the greatest.

The ability of seminal plasma to depress oxidative metabolism was

not specifically directed at spermatozoa as work by Eliasson in 1971(b) had

shown. He discovered that seminal plasma could depress the oxidative

metabolism of rat heart mitochondria although no exact method of action

was described. Almost fifteen years later, work again using rat heart

mitochondria, provided a clue as to the mechanism of prostaglandin inhibition.



259

One mitochondrial function is to act as a calcium "sink" (Harris, t979;

Dalla et a/., 1982) in which this organelle actively removes ionic calcium

from the cytoplasm, storing it in a biologically inactive form as calcium

phosphate in order that cytosolic levels of this divalent cation be maintained

at an optimally low level. If the mitochondrial capacity for calcium is

exceeded, or the ability of this organelle to take up calcium is overwhelmed,

then cytosolic levels will rise. A depression of the oxidative function of

ischaemic rabbit heart mitochondria was shown to occur secondarily to

enhanced mitochondrial calcium accumulation (Henry et aJ., 1977).

Prostaglandins were implicated as molecules potentially capable of bringing

about this calcium mediated decrease in mitochondrial function, as inhibitors .

of prostaglandin synthesis increased the recovery of ventricular function in

ischaemic hearts (Karamazyan, 1986a). More conclusively, work from the

same author showed that prostaglandin incubation with extracted heart

mitochondria could directly decrease oxidative phosphorylation, but only

when calcium was present within the medium (Karamazyan, 1986b). These

results, along with the knowledge that prostaglandins could act as calcium

ionophores (Kirtland and Baum, 1972; Carsten and Miller, 1977), suggested

that prostaglandins accelerated intramitochondrial calcium overload, although

the exact mechanism of calcium action was not described.

Experiments using human sperm have shown that isotopic calcium

[45Ca2+l is actively taken up by mitochondria (Irvine and Aitken, 1986). If

mitochondrial uptake is inhibited by incubating sperm with uncouplers such

as rotenone, CCCP, and FCCP then the passage of label into this pool is

prevented allowing the build up of calcium in extra-mitochondrial,

cytoplasmic sites (Irvine and Aitken, 1986; Rigoni and Deanen, 1986). Thus,

sperm mitochondria do act as a calcium sink. If, however, human sperm

are incubated with PGEj or PGEo, the intracellular cytoplasmic calcium

concentration is doubled within 5 minutes (Aitken et al., 1986), a result
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which may be intrepreted as the mitochondrial capacity being exceeded.

The series of simple experiments outlined in this chapter were therefore

devised in order to test whether removal of calcium from the incubating

medium had any effect on the prostaglandin action on oxidative metabolism.

The preliminary experiments outlined here suggested that when no

calcium is added to the sperm incubating medium, the ability of both

19-OH PGE as well as a mixture of PGEj and PGEo to reduce sperm C02

liberation was largely eliminated. When EGTA was added to the incubating

medium in order to further reduce ionic calcium concentrations, then the

capacity of E prostaglandins to significantly reduce C02 liberation from

human spermatozoa was completely abolished. Thus, it seems that the

presence of calcium ions within the seminal plasma, and their interaction

with the E prostaglandins could provide the explanation as to why oxidative

phosphorylation is considerably reduced in human spermatozoa. It must be

noted, however, that the ionic calcium concentration used in these

experiments is approximately double that seen within normal human seminal

plasma (x - SEM = 0.57 - 0.043mM - Ford and Harrison, 1984) and so the

mean percentage decrease for the E prostaglandin experiments (-60%)

carried out in medium containing the full calcium complement (ImM) may

be em overestimation.

It is interesting to note that the ability of PGF2a to decrease oxidative

phosphorylation did not depend upon the concentration of calcium within

the incubating medium, as a mean inhibition of approximately 20% was seen

for all experiments. One possibility is that PGF2a somehow causes the

release of calcium from intracellular stores such as that bound to membrane

phospholipids. Significantly, however, Aitken et al. (1986) failed to detect

amy increase in intracellular calcium in human sperm upon incubation with

PGF 2<x. This ability of PGF2a to release intracellular stores of calcium has,

however, been seen in other biological systems, as work on the responses



261

of vascular smooth muscle cells to incubation with this prostaglandin has

shown that PGF2a can induce a dose dependent elevation in intracellular

calcium in the presence or absence of extracellular calcium (Fukuo et al.,

1986). Obviously, further work is needed in order to clarify the exact mode

of action of PGF2a on human spermatozoa with particular reference to

possible elevations in intracellular calcium and the effect this has on

mitochondrial function.

Free fatty acids can uncouple oxidative phosphorylation (Arslan et al.,

1984). In this instance, these molecules are thought to inhibit in some way

intramembranal proton transfer, a process on which oxidative

phosphorylation depends (Rottenberg and Steiner-Merdoch, 1986; Rottenberg

and Hashimoto, 1986; Luvisetto et al., 1987; Pietrobon et al., 1987). One

possibility is that this effect is brought about by direct interaction with

membrane enzymes. Obviously, more work is needed to determine whether

prostaglandins exert their effects through similar mechanisms.

Prostaglandin modulations of sperm fructolysis were unaffected by

the presence or absence of extracellular calcium. Both 19-OH PGE as well

as the PGEj + PGE2 mixture significantly stimulated sperm lactate production,

while PGF2a had an inhibitory effect. These effects on fructolytic

metabolism were reflected in overall changes in the percentage of motile

cells, E prostaglandins being stimulatory while PGF2a caused a slight

reduction. These results showing that oxidative phosphorylation was

dependent upon the prevailing cytosolic calcium concentration while

glycolysis was unaffected by altering the levels of intracellular calcium are

consistent with results from experiments on ram spermatozoa obtained by

Breitbart and his coworkers in 1985. This group demonstrated that ram

sperm motility was unaffected by increases in intracellular calcium even in

the presence of antimycin A, a mitochondrial electron transport inhibitor.

Their interpretation of these results was that glycolysis was not affected
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by intracellular cytosolic calcium increases. In the presence of deoxyglucose

(a glycolytic inhibitor), however, cell motility was seen to decrease as the

cytosolic calcium concentration rose, suggesting that mitochondrial activity

was highly sensitive to increased intracellular calcium.

The introduction to this chapter suggested that sperm motility was

regulated primarily by intracellular concentrations of calcium and cyclic

AMP. The previous paragraphs have indicated that one potential mechanism

by which the cell attempts to maintain low intracellular calcium

concentrations is via mitochondrial uptake. An alternative route whereby

low calcium concentrations may be maintained is through membrane pumping

systems. It was proposed that the increase in cytosolic calcium in human

sperm seen upon incubation with PGE could be caused, at least in part, by

the inhibition of the membrane calcium pumps.

A specific calcium pumping system was identified in ram sperm plasma

membrane vesicles (ram sperm membrane vesicles were used in the absence

of sufficient quantities of human sperm), an observation consistent with

previous measurements of Ca2+-Mg2+ ATPase in ram sperm (Bradley and

Forrester, 1980; Breitbart et al., 1983). This ATP driven pump had been

shown in other biological systems to help in maintaining cytosolic calcium

at low nM concentrations (Penniston, 1982). The results obtained in the

prostaglandin experiments described here suggested, however, that PGE1?

PGE2, 19-OH PGE as well as PGF2a increased Ca2+-Mg2+ ATPase activity.

PGF2a was the most effective stimulator, increasing enzyme activity from

concentrations of 5(ig/ml onwards. While this is the opposite result to

that which was initially proposed, stimulation of Ca2+-Mg2+ ATPase at

least by acidic lipids and other fatty acids has been previously described.

Long chain fatty acids have been shown to stimulate Ca2+- Mg2+ ATPase in

erythrocyte (Niggli et aJ., 1981; Davis et al., 1987), sarcoplasmic reticulum

(Froud et a/., 1986a), and rabbit muscle (Froud et al., 1986b). It is believed
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that while the fluidity of the lipid surrounding the ATPase has little effect

on activity provided that the membrane is in the liquid crystalline state,

enzyme activity is markedly dependent on the chemical structure of the

surrounding phospholipid. Fatty acids introduced into ATPase systems

appear to bind to annular sites surrounding the enzyme and in general lead

to stimulation of activity. From the results obtained in this chapter it must

be concluded that seminal prostaglandins may be behaving similarly to free

fatty acids. Surprisingly, however, the prostaglandin precursor arachidonic

acid inhibited ram sperm membrane Ca2+-Mg2+ ATPase in a dose dependent

manner. It may be that the alteration of the nature of the phospholipids

surrounding the ATPase is in this case providing an environment unfavourable

for enzyme activity.

The effects of seminal prostaglandins on another membrane ATPase,

the Na+-K+ ATPase were assessed. Na+-K+ ATPase was stimulated by

approximately 30-40% by 19-OH PGE and PGF2oc at lOOpg/ml. It must be

remembered that such a concentration is well within the range normally

seen for 19-OH PGE but is approximately 20 times the normal level of

PGFoOt found in seminal plasma. Neither PGEj nor PGE2 had any significant

effect on this enzyme activity, unlike the Ca2+-Mg2+ ATPase. Arachidonic

acid had a marked stimulatory effect.

Previous studies have suggested that prostaglandins could inhibit

Na+-K+ ATPase (human gastric mucosa - Mozsik et aJ., 1974) or stimulate

Na+-K+ ATPase (vascular smooth muscle - Limos and Cohn, 1974) depending

upon the biological systems tested. Like the Ca2+-Mg2+ ATPase these

effects are thought to be brought about by a modification of the lipids

surrounding the enzyme.

Na+-K+ ATPase maintains appropriate intracellular concentrations of

sodium and potassium within the cell. Sodium concentrations in the cytosol

are kept at low levels while the reverse is true for potassium. The net
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effect of the forward reaction of the pump is to move sodium ions out of

the cell against an electrochemical gradient and potassium ions into the

cell down an electrical but against a chemical gradient with the energy

derived from the hydrolysis of ATP. As the stoichiometry of the reaction

is believed to be 3 sodium ions pumped out for every 2 potassium ions

pumped in, a net positive charge is moved out of the cell. Thus the inside

of the cells is electrically negative relative to the outside, a situation

essential for cell excitability, for the energization of other transport systems,

and for the control of osmotic balance, and one which must be maintained

by continued activity of the ATPase.

It has been suggested that increased Na+-K+ ATPase activity is essential

for rodent capacitation and the acrosome reaction to occur (Mrsny and

Meizel, 1979; 1981; Mrsny et aJ., 1984; Hyne et a/., 1984), possibly by elevating

intracellular potassium ion concentrations or indirectly increasing acrosomal

pH (Working and Meizel, 1983). The ability of the Na+-K+ ATPase to energize

a calcium pumping system has also been suggested, and indeed such a

pumping system has been described in both rat sperm (Bradley and Forrester,

1981) and boar sperm (Ashraf et a/., 1982) membranes. The capacity of

19-OH PGE in particular to stimulate Na+-K+ ATPase and thus indirectly

the Na+-Ca2+ exchange would assist in maintaining low intracellular calcium

concentrations. Arachidonic acid also stimulates Na+-K+ ATPase activity,

giving a bell shaped dose response curve with increasing concentrations of

lipid. Presumably, for this particular ATPase, arachidonic acid is the most

efficient at altering the properties of the phospholipids surrounding the

enzyme to those which are optimal for activity. Zinc, on the other hand,

inhibits Na+-K+ ATPase activity.

It seems paradoxical that the prostaglandins influence the membrane

Ca2+ pumps in exactly the opposite manner to that which is expected.

Although PGE's increase cytolosic free calcium by acting presumably as
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ionophores, they simultaneously stimulate the pumping out of calcium via

the membrane pumps. Both this and the uptake via the mitochondria attempt

to maintain low cytosolic calcium levels, although the fact that the

intracellular concentrations still rise suggests that, at least initially, the

capacity of both systems is exceeded.

The other sperm second messenger essential for the initiation and

maintenance of motility is cAMP. Addition of either the db cAMP analogue

or caffeine, the phosphodiesterase inhibitor to human sperm suspensions -

compounds known to be capable of elevating intracellular cAMP levels -

stimulated both lactate production (fructolysis) and motility. Only nominal

effects of both compounds were seen on sperm COz production, although

at a concentration of 10mM a 22% increase in C02 output was observed in

incubations with caffeine.

It is tempting to suggest that the E prostaglandins stimulate adenylate

cyclase activity and consequently the production of cAMP in human sperm.

Certainly this event has been repeatedly observed in several biological

systems (Horton, 1972; Marsh and Lemaire, 1974; Heindel et aJ., 1978; Bonta

and Adolfs, 1983). Such an increase in cAMP could then stimulate protein

phosphorylation and consequently motility. The reduced energy charge

brought about by the elevation of cAMP would also cause the stimulation

of fructolysis since enzymes normally inhibited by high ATP levels (as is

the case if oxidative phosphorylation predominates) such as hexokinase,

phosphofructokinase and glyceraldehyde 3 phosphate dehydrogenase are

activated. Although E prostaglandins have been shown to increase

intracellular concentrations of cAMP in washed human sperm (Aitken et

a/., 1986) the results from Aitken's study do not entirely agree with those

which might be predicted from the results found in this study.

As 19-OH PGEj and PGE2 stimulated fructolysis while PGEj had little

or no effect it might be expected that the former prostaglandins are the
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most effective stimulators of adenylate cyclase. Aitken and his coworkers

suggested, however, that both PGEi and PGE2 caused significant increases

in intrasperm cAMP (albeit at a concentration of 60pg/ml) with PGEj being

possibly the most effective. This is almost entirely the opposite to that

which the fructolytic results predicted. Perhaps more puzzling, however, is

the fact that 19-OH PGE has no effect on intracellular cAMP in Aitken's

study while in the experiments described here this prostaglandin was found

to be the most effective at increasing fructolysis. In a previous paper

(Aitken and Kelly, 1985) 19-OH PGE was shown to be able to increase

human sperm motility, a result which has been confirmed by at least one

other group (Gottlieb et a/., 1988). If 19-OH PGE fails to stimulate

adenylate cyclase and consequently intracellular cAMP levels, but

consistently increases sperm fructolysis, then some alternative mechanism

must be responsible for its effects. Obviously, one such mechanism of

action is the inhibition of intracellular phosphodiesterase (PDE) activity.

Unfortunately, experiments which assessed the effects of a seminal

prostaglandin extract upon PDE showed that, if anything, a slight stimulation

of enzyme activity was produced following incubation. Thus, if the sperm

PDE was to be effected by seminal prostaglandins a reduction in cAMP

would be expected.

It has been suggested that 19-OH PGE increases human sperm ATP

levels (Gottlieb et aJ., 1988). These authors suggested that stimulation of

the sperm's major energy source would facilitate enhanced motility and

cited as evidence the fact that a positive correlation between the number

of progressively motile spermatozoa and seminal ATP content has been

demonstrated (Comhaire et a/., 1983; Gottlieb et aJ., 1987). It seems obvious

that for spermatozoa, an optimum level of ATP must exist whereby sufficient

is available to fuel motility while still allowing an energy charge low enough

for fructolysis to take place. Contrary to the theory of Gottlieb and his
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coworkers, however, in experiments where motility has been increased upon

addition of either db cAMP or caffeine, sperm ATP levels decreased (Garbers

et aJ., 1971; Hoskins, 1973; Haesungcharern and Chulavatnotol, 1973).

Additionally, the idea that the functional capacity of the sperm is positively

correlated with sperm ATP levels is not universally recognised (Irvine and

Aitken, 1985; Chan and Wang, 1987).

A similar puzzling situation exists for the effects of PGF2a, a

prostaglandin which, in the studies described in this chapter, was

consistently shown to depress fructolysis and motility. If E prostaglandins

increase sperm motility and fructolysis by stimulating the concentrations

of intracellular cAMP, then it might be expected that PGF2a either reduces

or at least prevents any elevations in cyclic nucleotide levels. Such an

inhibition of cAMP elevation by PGF2a has been implicated in other biological

systems including luteolysis (Behrman et a/., 1979; Hall and Behrman, 1981;

1982). In human sperm, however, PGF2a had no significant effect upon

intracellular cAMP levels (Aitken et aJ, 1986), and so the drop in fructolysis

and sperm motility appears not to be caused via the inhibited production

of this molecule. At present, no definite mechanism for the effects of

PGF2a on sperm function are available, but further experimentation on the

effects of this prostaglandin on intra and extracellular enzyme systems

will be described in Chapter 8.

Although the exact mechanisms by which prostaglandins modulate

sperm motility remain uncertain, it seems clear that direct actions on

sperm function do occur. The fact that PGE can stimulate motility while

PGF2a inhibits this parameter supports the hypothesis outlined in Chapters

4 and 5 that it is the ratio of these substances which is important. The

next question which must be answered is whether these compounds are

the sole modulators of sperm motility, or whether other substances are

present which could perform the same function.
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The results obtained from Study B in Chapter 5 suggested that low

prostaglandin ratios were not the only factors that could be correlated

with a reduction in sperm motility. Obviously, if the overall motility

mechanism is damaged then even optimal prostaglandin ratios would not

be expected to stimulate motility. This was demonstrated in the poor

motility/poor density group where, in comparison to the good motility/good

density group, no significant difference either in individual prostaglandin

levels or prostaglandin ratios was observed. What is more interesting to

know is whether all samples of <50% motility (with all other parameters

normal) have a high E : F ratio. In study B described in Chapter 5, the

prostaglandin ratio used to calculate percentages above or below was one

just slightly higher than the mean ratio obtained for the poor motility/

good density group.

In the good motility/good density group, the percentage of samples

above the arbitary cut-off ratio was high, approximately 70%. Using the

information obtained in this chapter these results suggest that, for most

samples, prostaglandins are the major factors controlling motility. This

result also means, however, that 30% of the samples had a ratio which

would be expected to be associated with poor motility. In the absence of

a high PGE : PGF ratio, other factors must be capable of stimulating

motility and mainaining it at a level greater than 50%. Several such

stimulatory factors have been identified, including seminal plasma cAMP

(Malachi et al., 1982), spermine and spermidine (Shah et al., 1975; Sheth et

a/., 1976), calmodulin (Bradley and Forrester, 1980), and protein kinase A

(Pariset et al., 1983). Sperm motility also seems to be directly dependent

upon intracellular pH. Human sperm motility, for example, is reversibly

inhibited by low pH (Makler et al., 1981; Mendoza et al., 1986), while the

motility of guinea-pig sperm was greatly reduced at pH 6.1. Here the

sperm remained alive, but only regained motility on transferral to medium
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of optimum pH (approximately pH 7.0) (Wong et a!., 1981; Murphy and

Yanagimachi, 1984). Thus, factors which maintain a balanced pH at around

neutrality will assist the maintenance of high motility.

If the results from the poor motility/good density groups are examined,

for all E: F ratios the percentage of samples above the cut-off value (i.e.

the value associated with a motility of >50%) was between 10-40%. This

means that up to 40% of the samples have prostaglandin ratios which would

not be expected to be associated with semen with poor motility. This

suggests again that some factor(s) other than prostaglandins are capable

of inhibiting sperm motility. Certainly, the results from this chapter have

suggested that one potent inhibitor may be zinc, in that zinc not only

decreased fructolysis (an observation previously described by Holland and

White, 1980), but also the functioning of the calcium pumps. Although at

high concentrations phosphodiesterase is inhibited, the concentrations

needed for this inhibit motility, probably by inhibiting many other important

enzyme systems. Previous studies have demonstrated that semen samples

with low sperm motility had more zinc bound to high molecular weight

compounds than samples with good sperm motility (Arver, 1982).

Additionally, the concentrations of zinc bound to human sperm were shown

to be negatively correlated with motility (Huacuja et a/., 1973) and that

either washing sperm free from zinc (Lindholmer and Eliasson, 1972) or

incubating sperm in media containing metal chelators such as EDTA (Huacuja

et a/., 1973) stimulated motility.

Other factors within the seminal plasma may also have inhibitory

effects. De Lamirande and coworkers (1984) provided evidence for the

presence in human seminal plasma of a macromolecular component of

seminal vesicle origin which causes inhibition of motility. Further evidence

for inhibitors of seminal vesicle origin was produced by Fraioli et al.

(1984). Here, the authors suggested that the presence within the seminal
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plasma of calcitonin and 3 endorphin also inhibited sperm motility. The

fact that both of these drugs have potent anti-calmodulin actions may

explain their effects on sperm movement.

We may conclude, then, that prostaglandins can both stimulate or

inhibit human sperm motility. The action of the E prostaglandins at least

appears to be via an increase in the intracellular concentration of cAMP,

while the action of PGF2a remains to be determined. One major obstacle

between the acceptance of the actions of prostaglandins upon spermatozoa

has always been their species distribution. Why should a series of

compounds capable of stimulating motility only be present within a few

species, i.e. especially primates? The most obvious answer to this question

is that other species utilize other compounds to stimulate motility. That

such a situation exists has been demonstrated by the fact that both

adrenaline and noradrenaline could stimulate both activated motility and

the acrosome reaction in hamster sperm (Cornett and Meizel, 1978; Cornett

et al., 1979; Meizel and Working, 1980). These results suggested that

involvement of both a- and ^-adrenergic receptors in these processes.

Similarly, the fi amino acids taurine and hypotaurine also stimulated hamster

sperm motility (Meizel et al., 1980). Both catecholamines as well as the 8

amino acids are known to be present in the reproductive tract of several

species (Meizel et al., 1980), and are thought to exert their effects through

a stimulation of intracellular cAMP.

Recent experimentation has centred on the addition of the

phosphodiesterase inhibitor, caffeine, to stimulate the motility of human

sperm for subsequent use in in vitro fertilization therapy. The levels of

caffeine needed to stimulate motility however (5-10mM - see results from

this chapter and Aitken et al., 1983e) are either occasionally (SmM) or

consistently (lOmM) toxic to the fertilization process (Aitken et al., 1983e).

The replacement of caffeine by naturally occurring E prostaglandins seems
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on obvious step, especially as PGEt and PGE2 at physiological concentrations

have been shown to directly increase the fertilizing ability of human

spermatozoa (Aitken and Kelly, 1985).

1. All seminal prostaglandins tested depressed the levels of COo released

by spermatozoa, an effect which may be mediated by calcium.

2. PGE stimulates human sperm fructolysis, while PGF2a inhibits this

metabolic function. These prostaglandin mediated effects are

reflected in changes in sperm motility. Alterations in the rate of

fructolysis may be brought about by changes in the intracellular

concentration of cAMP.

3. All prostaglandins tested significantly simulated the activity of Ca2+-

Mg2+ ATPase from ram sperm membrane vesicles, while the Na+-K+

ATPase was only markedly stimulated by 19-OH PGE at physiological

levels. Zn2+ at concentrations present in human seminal plasma inhibit

the activity of all membrane pumps.

4. The mechanisms whereby PGF2a inhibits motility remain to be identified.
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Chapter 8

PHOSPHOLIPASES IN SPERM AND SEMINAL PLASMA -

THEIR CONTROL AND POSSIBLE PHYSIOLOGICAL FUNCTIONS
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PHOSPHOLIPASES IN SPERM AND SEMINAL PLASMA -

THEIR CONTROL AND POSSIBLE PHYSIOLOGICAL FUNCTIONS

8.1 Ontzoduction

8.1.1 CJxanejes in spezm plasma membtanes associated loltk capacitation and

the aetosome reaction

Throughout this thesis it, has been repeatedly emphasized that the

spermatozoon is a highly differentiated cell, and that only those organelles

specifically required for either motility or fertilization are retained. Sperm

membranes may also be considered as specialized organelles, but ones

which are modified as the spermatozoon continues its maturation process.

Prior to capacitation, distinct regionally specific areas can be recognised

in the spermatozoa of many species including mouse (Schlegel et al., 1986),

guinea-pig (Bearer and Friend, 1980; 1981; 1982), ram (Wolf and Voglmayr,

1984; Hinkovska et al., 1986; Schlegel et al., 1986; Wolf et al., 1988), bull

(Schlegel et al., 1986) and human sperm (Tesarik and Flechon, 1986). These

areas clearly reflect particular differences- in physiological function.

The anterior and equatorial acrosome regions of many sperm species,

for example, are rich in sterols (Davis et al., 1979; 1980; Langlais et at.,

1981). This decreases membrane fluidity and the ability to fuse by promoting

a tighter packing of the phospholipids in the bilayer, and thereby increasing

the effective viscosity (Guyer and Bloch, 1982). The plasma membrane

covering the head, however, contains an abundance of anionic lipids (Bearer

and Friend, 1981; Tesarik and Flechon, 1986) including phosphatidylserine.

These lipids occur predominantly in the cytosolic leaflet of the bilayer

(Hinkovska et al., 1986) a situation previously noted in erythrocyte membranes

(Zwaal et al., 1973; Bergelson and Barsukov, 1977; Rothman and Lenard,

1977). The presence of these acidic lipids is thought to be a necessary
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requirement in potentially fusogenic membranes (Papahadjopoulos, 1978),

including sperm membranes. These distinct areas of phospholipid cannot

diffuse laterally and may be maintained either by the presence of restrictive

sperm specific glycolipids (Thompson and Tillach, 1985) or by the occurrence

of low fluidity membrane domains (Wolf et aJ., 1988).

Obviously, spermato/.oal membranes must undergo a series of events

whereby the factors inhibiting membrane fusion are removed, allowing the

acrosome reaction, and consequently fertilization to take place. This series

of events is called capacitation (for general references and reviews see:

Austin, 1951, 1952; Chang 1951, 1984; Bedford, 1970, 1972; Barros, 1974; Gwatkin,

1976; Bedford and Cooper, 1978; Schackman and Shapiro, 1982; Yanagimachi,

1981; Fraser, 1982; Moore and Bedford, 1983; Langlais and Roberts, 1985). An

outline of the major membrane events associated with capacitation can be

seen in Table 8.1. These modifications occur as the sperm progresses through

the female reproductive tract (Adams and Chang, 1962; Bedford, 1963; Hamner

et aJ., 1968; Overstreet et aJ., 1980; Perrault and Rogers, 1982; Lambert et

aI., 1985), thereby conferring a rudimentary timing sequence on the sperm

acrosome reaction so that this process ideally takes place in the presence

of the oocyte (Bedford, 1983).

The acrosome reaction is an exocytotic event involving fusion of the

membranes overlying the head of the sperm, with the consequent exposure

of the acrosomal contents and inner acrosomal membrane (for references

and reviews see: Barros and Austin, 1967; Barros et aJ., 1967; Bedford, 1970;

Talbot and Franklin, 1976; Bedford and Cooper, 1978; Green, 1978a, 1978b;

Meizel, 1978, 1984; Russell et aJ., 1979; Rogers, 1981; Yanagimachi, 1981;

Moore and Bedford, 1983; Langlais and Roberts, 1985; Nagai et aJ., 1986).

Unlike capacitation, this reaction is absolutely dependent on the presence

of extracellular calcium (Yanagimachi and Usui, 1974; Summers et a/., 1976;

Green, 1978b; Talbot et aJ., 1978; Shams-Borhan and Harrison, 1981;
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'Table S.1

(Changes in membiane composition associated loitb spezm capacitation

Decrease in net negative charge -

Removal of seminal plasma constituents

Redistribution of coating antigens -

Removal of carbohydrate containing groups -

Redistribution of proteins -

Redistribution of intramembraneous particles -

Changes in membrane sterol content -

Vaidya et a/. 097I)
Rosado et aJ. (1973)

Oliphant and Brackett 0973)
Oliphant (1976)

Aonuma et al. (1973)
Koehler (1976; 1978)
Kinsey and Koehler (1978)
Romrell and O'Rand (1978)
Myles and Primakoff 0984)

Gordon et al 0974; 1975)
Talbot and Franklin (1978)
Schwarz and Koehler (1979)

O'Rand (1977; 1979; 1982)

Friend et al, (1977)
Friend 0980)

Lalumiere et al. (1976)
Davis et al (1979; 1980)
Davis (1981)
Langlais et al. (1980; 1981)
Go and Wolf (1985,)
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Schackman and Shapiro, 1982).

The changes in the composition and spatial arrangement in the

membrane lipids outlined in Table 8.1, particularly those regarding the

removal of cholesterol, increase the fluidity of the membranes overlying

the acrosome. This enables previously restricted proteins to move laterally

within the membrane thus exposing acidic lipids (Warren et aJ., 1975a, 1975b;

Armitage et at., 1977), including phosphatidylserine (Boggs et aJ., 1977), known

to be present as a shell around certain integral membrane proteins. These

charged lipids then interact with calcium, an event which promotes a

condensed acyl chain packing and the formation of discrete lipid domains.

In these areas, the membrane exists in the crystalline gel condition,

surrounded by more fluid, liquid-crystal lipid areas. Such a change in the

transition state of the lipid may be one factor which excludes

intramembranous particles from within these domains. Fusion is thought to

be initiated between closely opposed membranes at the boundaries between

the crystalline protein free areas of the acidic phospholipids, and the

surrounding non acidic lipids (Papahadjopouios, 1978).

The destabilization of the membrane also promotes permeability to

extracellular ions, including calcium. While this might initiate the formation

of further gel phase lipid domains in the cytosoiic leaflet by increasing

the intracellular calcium concentration, the production of other potentially

fusogenic molecules such as lysophospholipid and free fatty acids by the

activation of phospholipases may also occur. Because lysophospholipids are

wedge shaped, this causes biiayers to breakdown into globular micelles

(Howell et aJ., 1973), another factor thought to be required for membrane

fusion (Lucy, 1975, 1978).

8.1.2 'pKospKoiipa ses

Phospholipases are ubiquitous enzymes, being found in almost all
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tissues and cell types in both soluble and membrane bound forms (van den

Bosch, 1982). While the actions of the major phospholipases can be seen in

Figure 8, this thesis will only be concerned with phospholipase A2 and C.

PLAv catalyses the hydrolysis of fatty acid ester bonds at the 2

position of 1,2 diacylphospholipids, releasing a free fatty acid and a

lysophospholipid. The enzyme is a small protein with a molecular weight

of around 15 000 daltons, and is composed of 123 amino acids. Of the

various enzymes examined, approximately 32 of these amino acids arc

absolutely conserved. These conserved regions arc thought to constitute

both the active site and the calcium binding site of the enzyme (Slotboom

ct al., 1982). One characteristic of PLA2 is its high content of disulphidc

bridges. This factor contibutcs to the stability of the enzyme, and correct

pairing is thought to be necessary for activity.

PLC is a less commonly occurring enzyme, hydrolysing the ester

bonds between diacylglycerol and the phosphoric acid group of the

phospholipid. Recently, this enzyme was purified from bovine seminal

vesicles (Sheikhncjad and Srivastava, 1986), and was found to have an overall

molecular weight of 124 000 daltons. SDS gel electrophoresis demonstrated

that bull seminal PLC was composed of two subunits with molecular

weights of 69 and 55 000 daltons. Both PLA2 and PLC arc believed to

play an important role in cellular signalling as well as exocytotic events

(Rubin, 1984).

Phospholipascs A2 have been identified in the spermatozoa of several

species including mouse (Thakkar ct aJ., 1983; 1984; Drummond and Olds-

Clarke, 1986), guinea-pig (Ono ct aJ., 1982; Dunlop and Killian, 1986), hamster

(Llanos ct aJ., 1982), rat (Davis ct al., 1979; Wang ct aJ., 1981), rabbit

(Thakkar ct al., 1984), bull (Thakkar ct al., 1984), ram (Allison and Hartrce,

1970; Hinkovska ct al., 1987), and human (Kunze ct al., 1974; Soupart

et al., 1979; Langlais ct al., 1982; Thakkar ct al., 1984; Langlais and Roberts,
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1985; Bcnnct et al., 1987). Increasing activity of this membrane associated

enzyme in conjunction with the occurrence of the sperm acrosomc reaction

has been measured (Llanos ct al., 1981, 1982; Singleton and Killian, 1981,

1983; Thakkar ct al., 1984; Dunlop and Killian, 1986), suggesting that PLA2

is associated with the induction of this event. Inhibition of PLA^ by

incubating spermatozoa with cither mepacrine or para-bromo-phcnacylbromide

(pBPB) inhibits the acrosomc reaction (Lui and Meizel, 1979; Dravland and

Mcizcl, 1982; Ono et al., 1982).

In addition to phospholipase A^, lysophospholipases have also been

identified in human sperm sonicates (Langlais ct al., 1982), although it is

not thought that these enzymes are associated with the acrosomc. It seems

more likely that these enzymes break down lysophospholipids in em attempt

to avoid a premature build up of these toxic molecules. Phospholipase C

has also been identified in spermatozoa (rabbit - Srivastava et al, 1982;

guinea-pig - Shcikncjad and Srivastava, 1986; human - Ribbes ct al., 1987).

At present the physiological significance of the sperm PLC is unknown,

although Srivastava ct al. (1982) suggested that the controlled activation of

phospholipase C from capacitated sperm may cause phospholipid alteration

essential for the vcsiculation of the acrosomc reaction without forming

damaging phospholipids. In other biological situations, however, the addition

of diacylglycerol to cells stimulates both PLA2 and PLC activity (Dawson

ct al., 1983, 1984). It has been suggested that phospholipascs in the normal

situation arc inhibited by the presence of the bilaycr, and that enzyme

activity is only seen when the bilayer is perturbed. Diacylglyccrol can

produce this effect without changing the bilayer thickness (Das and Rand,

1986).

Obviously, capacitation and the acrosomc reaction are complex

procedures and ones which in normal circumstances involve the interaction

of a number of sequential events. Capacitation may, however, be
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"overridden" to some extent, and the acrosome reaction stimulated. This

may be accomplished by the addition of calcium ionophorcs such as A23187

(Green, 1978b; Talbot ct al., 1978; Russell ct al., 1979b; Shams-Borhan and

Harrison, 1981; Aitkcn ct aL, 1984), which ultimately stimulate sperm

phospholipases. The acrosome reaction has also been shown to be stimulated

by the presence of phospholipascs themselves, as was demonstrated when

PLA2 was incubated with hamster sperm (Llanos ct al., 1982). Similarly,

incubation of spermatozoa with the products of PLA2 action, free fatty

acids (Mcizcl and Turner, 1983a, 1984), and lysophospholipids (Fleming and

Yanagimachi, 1982; Llanos ct al., 1982; Ohzu and Yanagimachi, 1982; Langlais

ct al., 1982; Llanos and Mcizcl, 1983; Langlais and Roberts, 1985; Yanagimachi

and Suzuki, 1985) stimualtcd the sperm acrosomc reaction. With the

existence of such a situation, it would seem logical not to expose

spermatozoa to cither phospholipascs, or their fusogenic products before

the sperm arc ready to fertilize. It is surprising then that phospholipascs

have been found in seminal plasma, and are consequently mixed with sperm

at ejaculation.

The existence of seminal phospholipascs was first demonstrated in

1968 by Scott and Dawson. Working with ram and bull semen they showed

that both sperm and seminal plasma rapidly hydrolyscd phosphatidylcthan-

olaminc, suggesting that PLA2 was present. Ram seminal plasma also had

the capacity to hydrolysc phosphatidylinositol. Although Scott and Dawson

did not directly propose the presence of PLC, the existence of this enzyme

in ram (Wilson ct al., 1984), and bull (Shcikhrejad and Srivastava, 1986)

seminal plasma has since been demonstrated.

In the early 1970's, Kunzc and his coworkers identified predominantly

phospholipasc A2 in human seminal plasma (Kunzc ct al., 1974), while

further work by the same group provided a detailed characterisation of

this enzyme (Kunzc and Bohn, 1978; Wurl ct al., 1980). Recently, Wurl and
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Kunzc (1985) purified human seminal plasma PLA2 6500 fold, and found

that the activity depended on the existence of two proteins. These proteins

were present in about equal quantities in the seminal plasma, had molecular

weights of approximately 12 000 and 14 000, and could not be separated

without loss of activity.

Although phospholipasc activity (PLC) has been detected in the

epididymis (Vanha-Perttula and Kasurincn, 1986), and consequently may

contribute a small amount of the seminal content, the major source of

PLAv. activity is thought to be the seminal vesicles. Kunze and Bohn (1978)

demonstrated that the total seminal PLA^, activity could be positively

correlated with a known product of the seminal vesicles, PGE.

If seminal phospholipascs are active, they could produce enough

fusogcnic molecules which would then be capable of increasing membrane

fluidity and permeability. At best this may affect sperm motility by either

reducing enzyme activity, increasing cellular calcium levels, or inhibiting

the diffusion of carbohydrate across the membrane (a situation seen in

experiments with erythrocytes - Fujii ct a/., 1986). At worst, exogenous

phospholipasc activity could induce premature acrosomc reactions, or even

bring about cell death. Obviously, phospholipasc activity needs to be

controlled, and several possible controlling factors exist.

8.1.3 <~D\e eontzol chf, phespheLipases

(a) Existence as a zymogen

One possible mechanism by which PLA-^ might be controlled is its

existence in cm inactive, zymogen form which is subsequently activated by

a protease. Certainly, such a situation has been demonstrated for the

enzymes found in pig pancreatic tissue (dc Haas ct aJ., 1968), platelets

(Pickett et a!., 1976), and recently suggested for human sperm (Guerette et

a]., 1986, 1988). The human sperm enzyme activity was decreased by
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incubation with protease inhibitors such as PMSF and bcnzamidinc, while

being increased by acrosin, a known constituent of the acrosomc (Meizel,

1984). As yet, no evidence has been proposed to suggest that seminal

plasma phospholipasc A-, exists in a zymogen form. These phospholipases

arc more than likely responsible for the release of phospholipid bound

arachidonic acid which is subsequently converted to the prostaglandins in

the seminal vesicles. It has been suggested that the enzyme responsible

for the control of prostaglandin production is unlikely to be a zymogen,

as activation of the pro-enzyme is irreversible (Vogt, 1978). Such a situation

would mean that prostaglandin production could be readily turned on, via

the PLA2 zymogen activation, but not easily turned off. Indeed, PLA2

zymogens have only been identified where irreversible activation is desirable

(i.e. platelets, Pickett ct aJ., 1976). Obviously, as the acrosomc reaction is

also an "all-or-nonc" event the existence of a sperm zymogen would seem

reasonable.

(b) pH

With the exception of lysosomal phospholipascs A^ where the pH

optimum for activity is pH 4-5, all other PLA2 enzymes have an alkaline

pH requirement (pH 8-9: van den Bosch, 1982). The pH optimum for human

seminal plasma phospholipasc Aj, activity is between pH 7-8 (Kunzc ct al.,

1974; Kunzc and Bohn, 1978), and as the pH here is approximately neutrality

(Mann and Lutwak-Mann, 1981), it is unlikely that seminal PLA^ (or PLC) is

inhibited via changes in this parameter. The un-capacitatcd spermatozoon,

however, has an acrosomal pH of approximately pH 5, a value which is

maintained by a protein tranlocating ATPasc (Working and Meizel, 1981.

1983), and it is possible that this acrosomal acidity inhibits sperm associated

enzymes.

(c) Calcium dependence

The majority of phospholipascs (both A^ and C included) arc calcium
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dependent (van den Bosch, 1982; Ballou and Cheung, 1983). This also applies

to the seminal plasma and sperm associated enzymes. In the human, for

example, seminal plasma PLA2 activity showed a broad plateau between 3

and lOmM (Kunzc ct al., 1974), while sperm PLA2 was fully active at 2.5mM

CaCl2 (Thakkar ct al., 1984). PLC was fully active at SmM CaCl2 (Ribbes

ct al., 1987). The total calcium concentration of seminal plasma approaches

7mM (Arvcr, 1982; Arvcr and Sjobcrg, 1982), although the ionic concentration

may be only 0.5mM (Ford and Harrison, 1984). A high ionic seminal calcium

concentration is associated with reduced motility, however, and it may be

that in this ease the effect is caused by the activation of exogenous PLA2

and PLC. As in the majority of cells, the cytosolic concentration of calcium

is low (140nM - Aitken ct al., 1986). It is unlikely that the sperm enzymes

will be active at this concentration, although the presence of the calcium

binding protein calmodulin in spermatozoa (as well as seminal plasma -

see Chapter 7) may modify the enzyme's requirement for this divalent

cation (Weinman ct al., 1986). Weinman and his coworkers observed an

overlapping distribution of both calmodulin and PLA2 in the plasma

membrane, post acrosomal substance, nucleus, and flagcllum of bull sperm

and suggested that these proteins played a concerted role in gamete

function. Certainly, calmodulin has previously been shown to stimulate the

PLA2 of human platelets (Wong and Cheung, 1979), brain synaptic vesicles

(Moskowitz ct al., 1982), snake venom (Moskowitz ct al., 1983), as well as

the enzyme isolated from pancreas and bee venom (Moskowitz ct aJ., 1985).

and so an investigation into its effects on both sperm and seminal plasma

enzymes seems justified.

(d) Zinc

As both PLA-, and PLC arc calcium dependent, experiments have been

carried out in which this ion is replaced with other divalent cations and

the effects on enzyme activity observed. Zinc was found to have a biphasic
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effect on both human and mouse sperm PLA2 (Thakkar ct al., 1983, 1984),

stimulating enzyme activity at low concentrations (10~8-10~6M) while

inhibiting at high concentrations. Stimulation of activity by zinc was found

to be dependent on the concentration of added calcium, however, with

Zi\2+ induced stimulation being inversely related to the calcium concentration.

Mn2+ was also capable of inhibiting sperm phospholipase activity although

not as effectively as Zn2+, while Mg2+ and Sr2+ were without effect.

Zinc is a known constituent of seminal plasma, where total

concentrations present may reach 2mM (Hommonai ct al., 1978; Mann and

Lutwak-Mann, 1981). Like calcium, the ionic Zn2+ concentration may only

be 2-3% of total concentrations, a situation which could in the presence of

low ionic Ca2+ concentrations, stimulate seminal plasma PLA2 and PLC

activity. Zn2+ may also be important in the inhibition of sperm, and

especially acrosomal PLA2 enzymes, as high concentrations of this ion have

been identified here (Janick ct al., 1971). Removal of zinc from spermatozoa

by albumin has been proposed as a component of capacitation which leads

to the dcstabilization of the membranes overlying the acrosomc (Johnson

and Eliasson, 1978).

(c) Prostaglandins

Prostaglandins must also be considered as potential phospholipasc

inhibitors, as PGE is capable of blocking the release of lysosomal enzymes

from both macrophages (Morlcy, 1974; Lim ct al., 1983) and leucocytes

(Wcissman ct al., 1971; Zuricr ct al., 1974). PGE2 has also been shown to

inhibit PLA2 activity obtained from both snake venom (Moskowitz ct al.,

1983) and brain synaptic vesicles (Moskowitz ct al., 1982), while PGF2a

stimulated enzyme activity. Previous chapters have demonstrated that

seminal plasma contains both E and F prostaglandins, and so a potential

positive and negative modulation of enzyme activity by these prostaglandins

would be an interesting observation.
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Much less is known about the effects of prostaglandins on PLC

activity, although it has been suggested that PGF^a may induce PLC

dependent phosphatidylinositol hydrolysis in rat luteal cells (Raymond ct

al., 1983).

(f) Polvamincs

The ability of polyamincs to stabilize membranes has been known for

several years (Tabor. 1962; Harold, 1964; Schuber et al., 1983; Tabor and

Tabor, 1984)). While a direct effect of these compounds on phospholipascs

has not been detected, enzyme activity may be modulated via a direct

action on lipid substrates. PLC can be both stimulated and inhibited in the

presence of spermine and spermidine (Sagawa ct al., 1983), an effect which

may be brought about by interaction of the polyaminc either with

phosphatidylinositol (Sagawa ct al., 1983), or polyphosphoinositides (Meers

ct al., 1986). Seminal plasma contains up to a 3mM concentration of

spermine as well as 0.3mM spermidine (Mann and Lutwak-Mann, 1981).

Obviously then, the potential for both seminal plasma and/or sperm

phospholipasc activity modulation by these compounds exists.

(g) Presence of inhibitory proteins

In 1984, a PLA^. inhibitor was detected in porcine (Nevalaincn and

Evilampi, 1984) and human (Etienne et aL, 1904) serum. This inhibitor was

identified as a protein, with a molecular weight of approximately 60 000. A

similar PLA^ inhibitory protein has been identified in neutrophils (Hirata.

1983) and macrophages (Blackwcll et al, 1980). The neutrophil derived

protein, lipomodulin, has a molecular weight of 40 000, while the macrophage

protein, macrocortin. is a much smaller protein and may be a proteolytic

fraction of a larger lipomodulin-likc molecule (Blackwcll ct al., 1980). In

the presence of these molecules, PLA^ activity can only be stimulated if

the inhibitory proteins arc phosphorylatcd at a tyrosine residue (Hirata ct

al., 1984). Neither seminal plasma nor spermatozoa have been examined for
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the presence of potential PLA2 inhibitory proteins, although their presence,

especially in spermatozoa, may explain the maintained inactivity of acrosomal

phospholipase. During capacitation, these inhibitory proteins could be

inactivated by phosphorylation via a protein kinase A or C mediated

mechanism, thus releasing full activity.

The aim of this chapter is to detect and quantitate the levels of

both PLC and PLA2 in the spermatozoa of several species including the

human. The existence of these enzymes in human seminal plasma will also

be investigated.

As the effects of active seminal enzymes, especially PLA2 at ejaculation

could be potentially harmful to the sperm, the ability of various constituents

within the seminal plasma to vary activity will also be examined. The

results obtained will be interpreted with possible effects on sperm function

in mind.

8.3.1 "pkospkolipase extractions facm spermatozoa

Human sperm were obtained from a group of healthy donors, and

washed in BWW medium as described previously (see section 4.5.3). After

a final centrifugation at SOOg for 15 minutes, the sperm pellet was

suspended in 1ml of 25mM Tris (pH 7.5) containing 4mM CaCl2 and 50pg/ml

Triton X-100. This cell suspension was then disrupted using a Potter-

Elvehjem homogenizer. After homogenization, the suspension was centrifuged

at SOOg for 30 minutes. The supernatant was used for the phospholipase

assay. In general, 50^1 of supernatant was assayed for phospholipase activity.

Human seminal plasma was diluted 1: 10 in assay buffer (see section

8.3 flAateuali and ftieMs
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4.3.2). Typically, 5ul was used in the phospholipasc assay.

Ram sperm were collected as described in section 4.5.2 (b). Bovine

cpididymal sperm were collected in an identical manner. Homogenization of

both eel! types and assay was carried out as described for human sperm.

Albumin (various sources) was dissolved to a concentration of lmg/ml

in assay buffer. Typically, 50ul was assayed for phospholipasc activity.

All protein assays carried out in this chapter used the variation of the

Lowry technique described in section 2.4.

8.3.2 'Detezmination phosphollpase assay conditions

Phospholipasc experiments were carried out in a 3ml flat bottomed

vial (Camlab). In the preliminary experiments, phosphatidylcholine was used

as substrate. A chloroform: methanol (2:1 v/v) solution of unlabcllcd

phosphatidylcholine containing 400 000 cpm of label (L-3 phosphatidylcholine,

1 stearoyl-2-LI 14C1 arachidonyl — specific activity = 56mCi/rnmol Amersham

International) was added to each incubation tube (final concentration -

30uM). and evaporated to dryness under nitrogen. 200ul of 25mM Tris

buffer (pH 7.5 - Sigma) containing 5mM CaCl^ (Sigma) was added to the

incubation tube and the phospholipid resuspended by vortcxing for 1 minute,

followed by scnication for 1 minute. 50ul (approximately lOmll) of either

snake venom phcspholipasc A-, (PLA-.). purified from Naja naja (Sigma) or

phospholipase C (PLC. approximately lOmli) purified from Chlostridium

perfringens (Calbiochem) was added to each incubation tube except control

blanks. To these tubes. 50gl of assay buffer was added. After mixing, the

tubes were incubated at 37°C in a shaking water bath for 30 minutes.

Following incubation, the reaction was stopped by the addition of 2mls

of ether: cthanol (7:1 v/\) to each tube. The tubes were then vortcxcd. The

solvent layer was allowed to settle, and this was then pipetted off into a

clean vial. 0.5m! of 5mM EDTA (Sigma) in 25mM Tris buffer (pH 7.5) was
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added to the ether: cthanol extract, the mixture vortcxcd, and again pipetted

off into a clean vial. To this second extract, an equivalent volume of

hcxane was added. The solvent was then dried by addition of a small

amount of anhydrous sodium sulphate (BDH) to each tube.

The hcxanc: ether mixture was carefully applied to a silica scp pak

column (Watcrs-Milliporc) held in a specially designed carousel (Watcrs-

Milliporc). Each carousel could hold 8 scp pak columns. To each column,

three 1ml fractions of a series of solvent systems were applied (ranging

from 100% hcxanc. through 100% ether, to 90% ether plus 10% acetic acid)

and the column clucnts collected. These were then decanted into

scintillation vials, after which Smls of scintillant (RIA luma - Fisons)

was added and the tubes counted for 30 seconds on an LKB rackbcta

scintillation counter.

These preliminary experiments showed that the diglyccridc formed

from the action of PLC could be clutcd using three 1ml aliquots of hcxanc:

ether (50:50 w/\), while arachidonic acid released after PLA2 action could

be clutcd using three 1ml fractions of ether + 0.5% acetic acid.

In order to determine elution percentages, 5000 cpin of 114C1

arachidonic acid (specific activity = 60mCi/mmol: Amcrsham International)

was added to the silica scp pak column and cluted in the manner described

above. As labelled diacylglvccrol was unavailable, in order to determine

clution percentages. 30 tubes were assayed using PLC as described previously,

and the assay extract applied to a silica column. Following clution with

hcxanc:ether (50:50 v/\). all aliquots were pooled, and the solvent

evaporated off under nitrogen. The diacylglyccrol formed from the PLC

reaction was taken up in a minimal volume of ether and applied to the

origin of a TLC plate (Kicsclgel 60 F254 - 20 x 20cm silica prc-coatcd

plastic sheets. Merck) and the plate run in a TLC tank equilibrated with

the following solvent system: hexanc: ether: methanol: acetic acid (70:30:5 ■ J
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v/y). The diacylglcerol was identified both by comparison with an unlabeled

standard of diarachidin (Sigma) and by autoradiography. The band

corresponding to the diacylglycerol label (DAG) was scraped from the TLC

plate, and leached from the silica using methanol as the solvent.

Approximately 5000 cpm of diacylglycerol label were applied to a silica

scp pak column and cluted firstly with three 1ml aliquots of hexanc: ether

(50:50 v/v) followed by three 1ml aliquots of ether + 0.5% acetic acid.

Elutcd fractions were counted and the extraction percentage calculated.

8.3.3 ~T>etezmina.tion ofc optimal assay frH., calcium concentration, and

substzate zecruizemerits

In order to provide optimal conditions for the simultaneous assay of

PLC and PLAv, appropriate buffer pH, calcium concentrations as well as

substrate concentration and specificity were determined. For the pH and

calcium experiments phosphatidylcholine was still used as substrate, although

for these experiments 50pg of the protein obtained from acetone precipitated

semen (for method of precipitation see General Materials and Methods -

Chapter 2, section 2.3) was used as the enzyme source.

Enzyme activity (both PLC and PLA-,) was determined over a range of

pH values pH 4 to 9. Similarly, calcium concentrations used in the

experiments varied from no added calcium, to 5mM calcium. Additionally,

enzyme activities were determined in the presence of 5mM EDTA.

Increasing concentrations of phosphatidylcholine (as previous),

phosphatidylcthanolamine (unlabeled - Sigma, plus 40 000 cpm L-3

phosphatidylethanolamine, l-acyl-2-(I-14Cl arachidonyl, specific activity 60mCi/

mmol; Amersham International), and phosphatidylinositol (unlabeled - Sigma,

plus 40 000 cpm L-3 phosphatidyl inositol, l-stearoyl-2-[I-14C1 arachidonyl,

specific activity - 60mCi/mmol: Amcrsham International) from l-50uM

were used in order to determine substrate specificity and enzyme kinetics.
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8.3.4 Onhibition czuhe semen f1h.0spK0llf3a.se
While still using phosphatidylcholine as substrate, the ability of

p-bromophcnacylbromide (Aldrich) and mepacrine (Sigma) to inhibit the

crude reparation of PLC and PLA^. from semen was assessed. The effects

of a concentration range from 10 to lOOOgM on the activity of both

phospholipascs was determined.

8.3.5 l^etezmingtion phospholipase control
A series of experiments were carried out in order to determine the

effects a range of substances, many of which are present in human seminal

plasma, have on PLC and PLAo. In these experiments, the buffer pH was

7.5, while the calcium concentration was 4mM. Unlike the previous

experiments, however, a mixture of phosphatidylethanolamine (unlabeled

plus 40 000 cpm - final concentration = 20pM) and phosphatidylinositol

(unlabeled plus 40 000 cpm - final concentration = lOgM) was used as

substrate.

(a) Incubation with trypsin and trypsin inhibitors

Many phospholipascs A2 exist as an inactive pro-enzyme, a zymogen

which is cleaved by a proteolytic enzyme like trypsin to release active

PLA-.- In order to determine whether crude semen phospholipase A-. existed

as a zymogen, enzyme was incubated with exogenous purified trypsin (Sigma)

as well as a trypsin inhibitor (Sigma). A solution of trypsin (specific activity

= 13.500 units/mg) was made up to a concentration of lOmg/ml in assay

buffer. A range of enzyme from lgl (lOgg of protein = 135 units) to 50gl of

stock solution (500gg protein = 6750 units) was added to the phospholipase

assay. Similarly, a range from lgl of the inhibitor (lOgg protein = 100 units)

to 50gl (500gg protein or 5000 units) was added to the enzyme assay.

Similar experiments to those described above were also carried out on

human sperm PLC and PLA^ preparations.
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(b) Effects of prostaglandins upon seminal PLC and PLA.,

The effects of synthetic PGE^ PGE^. and PGF-,a (Sigma) as well as

19-OH PGE (extracted from pooled human seminal plasma - see General

Materials and Methods - section 2.3) on crude semen PLC and PLA.,

activities were determined. A range of prostaglandins from 5pg/ml final

concentration to 300^g/ml final conccntation for all prostaglandins was

tested. Appropriate concentrations of prostaglandins (in ethanol) were

added to the incubation tube along with the phospholipid mixture, dried

down under nitrogen, and then rcsuspended in buffer as described previously.

Following incubation with the semen phospholipase preparation, the

effects of all prostaglandins on phospholipasc C and A-, obtained from

human spermatozoa were determined.

(c) Effects of zinc on semen phospholipasc activity

The effects of a range of zinc sulphate (BDH) concentrations on

semen PLC and PLA., activities were assessed. The zinc concentrations

used were between 1 x 10~8 and 1 x 10_3M. For these experiments, however,

the concentration of calcium in the assay medium was also varied. Zinc

incubations were carried out in the presence of no added calcium, as well

as with the addition of O.SmM, l.OmM, and 4.0mM calcium.

(d) Inhibition of phospholipascs by calmodulin and calmodulin antagonists

Possible influences of calmodulin upon semen and sperm phospholipascs

were determined in two ways. One series of experiments involved the

direct addition of calmodulin (phosphodiesterase 3'-5'-cyclic nucleotide

activator - Sigma) purified from bovine brain to the enzyme assay. The

other experiments dealt with the addition of the known calmodulin inhibitors,

trifluoroperazine (Sigma) and calmidazolium upon enzyme activity. A

concentration range from 1 x 10-q - 1 x 10_3M was used for both inhibitors.
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(c) Effects of the polvamincs, spermine and spermidine upon semen PLC

and PLA-, activity

In a similar situation to the other experiments described in this

section, a range of the polyamines, spermine (Sigma) and spermidine (Sigma)

was added to the phospholipasc assay. From aqueous stock solutions a

range from 10 to 2000gM was tested.

8.3.6 "pzepazation aftinlty column

A PLA-, affinity column was synthesized using the method of Aarsman,

Ncys and van den Bosch (1984). Once prepared, the affinity material was

attached to pro-swollen AH Scpharose 4B (Pharmacia) using the procedure

of Nilsson and Mosbach (1981).

In order to test the column, snake venom PLA2 (Sigma) was iodinatcd

(this was carried out by Dr. R.W. Kelly) and then purified on a SO x 2cm

G100 column (Pharmacia) using SOmM Hepes (Sigma) buffer pH 7.0 as

cluent. This column was run at a flow rate of lml/min. One ml fractions

were collected and their r125I1 content determined.

Peaks obtained from the G100 column were pooled, after which

approximately SO 000 cpm of label from each peak was applied to a 5 x

0.5cm affinity column. The column was initially clutcd with SOmM Tris

buffer (pH 7.5) containing ImM EDTA. lOmM CaCl.. and 0.2M NaCl at a

flow rate of 0.5mls/min. Twenty 1 minute fractions were collected.

Following this, the column was eluted with SOmM Tris (pH 7.5) containing

SOmM EDTA and 0.2M NaCl. Here, forty 1 minute fractions were collected.

All affinity column experiments were carried out at 4°C. Radioactivity

clutcd from the column was detected using an NE 1600 gamma counter.

In order to check the elution of unlabelled snake venom phospholipasc.

lOOmli of activity dissolved in the equilibrating Ca2+ containing buffer was

applied to the column. Following clution. alternate column fractions were
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desalted on a PD-10 column (Pharmacia) using the manufacturers instructions,

and the elucnt assayed for phospholipase activity.

Approximately lmg of acetone precipitated semen proteins were applied

to the top of the affinity column and eluted as described previously.

Protein content of each fraction was determined by Lowry protein assay

(see section 2.4), the peaks pooled and desalted on a PD-10 column. Protein

peaks collected in the first 20 fractions over 10 runs were pooled, and

then concentrated by dialysis against sucrose. A range from lpg-lmg was

added to the phospholipasc assay in order to determine the effects of this

protein fraction. Semen precipitate, sperm and PLA2 activity purified on the

affinity column were used as sources of enzyme.

All experiments described in this chapter were carried out twice in

quadruplicate and the results pooled. All graphs show mean - SEM unless

otherwise stated. Differences between control and experimental incubations

were analysed via T-test.

8.4 ]iesuits

8.4.1 Optimisation o^, 'p/LC.-'p/LAr> assay

Experiments showed that the mean percentage extractions at the

ether: ether stage for both l14Cl diacylglycerol and [14C1 arachidonic acid

were 91 ± 7 % (Mean - SEM) and 87 - 4 % (Mean - SEM) respectively (n=12

observations). When labelled diacylglycerol (DAG) was applied to the silica

sep pak column, 88 - 5% could be eluted with the hexane: ether mixture

(50:SO v/v) while only 4 ± 3% would be detected after elution with ether

+ 0.5% acetic acid (Mean - SEM for 12 observations). In the case of

arachidonic acid, only 2 - 3 % of label was eluted with the hexane: ether

mixture, while 93 - 5% of label was eluted from the column after treatment

with ether + 0.5% acetic acid. Neither 114C1 phosphatidylcholine, f14CI
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phosphatidylinositol, or rl4Cl phosphatidylethanolamine was eluted using

either of these solvent systems. These results suggest that extraction

followed by the proposed elution schedule can distinguish diacylglycerol

from the saturated fatty acid, arachidonic acid and their parent phospholipid

molecules, thus providing the basis for a sensitive PLC and PLA2 assay.

In an earlier paper, Cosentino and Ellis (1981) proposed a rapid and

simple radiometric assay for PLA-,, also using a silica gel absorbent. In

their assay system, various fatty acids including arachidonic acid were

cluted from a 3cm silica gel column with six 1ml fractions of hexane:

dioxanc: glacial acetic acid (70:30:1 Vv). Initially, however, an aliquot of

the incubation mixture (lOOpl) was applied directly to the top of the column,

followed immediately by 1ml of eluting solvent, and no extraction steps

were used. The reason given for this was that extraction steps provided a

common source of variation in most assays, and that any steps where

solvents were dried down exposed the products to the risk of oxidation

with their consequent breakdown. When this technique was evaluated using

the columns described in assay system above, labelled compounds, including

phospholipids, tended to elute in the initial one or two fractions. One

explanation for this was that the lipids in the aqueous incubation medium

were forming micelles, which were then passing straight through the

column, without interacting with the silica. It was found that this micelle

clution could be completely removed by extraction, washing the solvent

with an aqueous EDTA solution, and then applying the lipid mixture to

the silica column in a low polarity solvent system. Results obtained here

cannot confirm that such an extraction procedure incorporates excessive

variability into the assay, and as there are no drying down stages following

incubation, any oxidation of products should be negligable.

The incubation optima for pH, calcium, and substrate for both PLC

and PLA-, can be seen in Figures 8.1 - 8.8. PLC has a broad pH maximum



^Lquxe 8.1 Effects of pH on semen PLC activity.

8^2 Effects of pH on semen PLA2 activity



pMolesHydrolysed/MgProtein/Minute o o

rv)
o o

_i_

00

o o

o o

_l

pMolesHydrolysed/MgProtein/Minute
o

L_

no

i

CD

I

00

L

O



^Lgut* 8.3 Effects of Ca2+ ion concentration on semen PLC activity.

Effects of Ca2+ ion concentration on semen PLA2 activity.
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between 7.0 and 8.0. The semen precipitated enzyme shows little activity

below pH 5.0, or above pH 9.0. These results disagree with other

determinations for PLC pH maxima. PLC extracted from human sperm was

found to be fully active at pH 6.0 (Ribbes et al., 1987), although the activity

decreased steadily with increasing pH. Within different biological systems,

however, the pH optimum for PLC from sheep seminal vesicles (pH 7.0:

Wilson ct al., 1984) and human amniotic tissue (pH 7.0: Sagawa et a].,

1983) was similar to that seen in the experiments described in this chapter.

PLA'2 actvity was optimal at pH 8.0 and showed a much sharper range

than that of PLC. Again, little activity could be detected at either

pH 5.0 or pH 9.0. These results are comparable to previous determinations

of the pH requirement for human seminal plasma PLA2 (optimum at pH 7.5

- Kunze et al., 1974; Kunze and Bohn, 1978), and human spermatozoa (optimal

at pH 7.5 - Thakkar et al., 1984).

In general, PLA2 utilizes phosphatidylethanolamine (PE) as substrate

in preference to the other major membrane phospholipids (Van den Bosch.

1980, 1982; Slotboom ct al., 1982). The experiments described in this

chapter confirm previous observations that human semen PLA^ was also

specific for PE (Kunze et al., 1974; Kunze and Bohn, 1978; Wurl et al.,

1980; Thakkar ct al., 1984; Wurl and Kunze, 1985). Indeed the Vmax for the

semen precipitated enzyme was 6.25 times greater than that measured

using phosphatidylcholine (PC) as substrate, and 8.77 times greater than

that measured using phosphatidylinositol (PI) as substrate.

Phospholipases C are generally divided into two distinct categories, an

enzyme which utilizes PC or PE as substrate (EC 3.1.4.3], or one which is

specific for PI 1EC 3.1.4.10] (van den Bosch, 1982). While PLC from the

first category has been isolated from seminal plasma (Sheikncjad and

Srivastava, 1986 - isolation of PC specific PLC from bull seminal plasma),

results obtained in this chapter suggest that semen precipitated protein as



^T-ltjute 8.5 Substrate specificity for semen PLC activity.

Substrate specificity for semen PLA2 activity.



Figure 8.5 - PLC



Jiqute 8.7 Lineweaver-Burke plot for PE, PI and PC concentrations and
semen PLC activity.

^iqute 8.8 Lineweaver-Burke plots for PE, PI and PC concentration and
semen PLA2 activity.
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well as enzyme isolated from sperm alone contains PLC specific for PI.

These results appear to confirm recent results obtained from Ribbes and

coworkers (Ribbes et al., 1907). In their studies, however, approximately

250(iM of substrate was needed to obtain maximal enzyme activity, while

the results shown here suggest that a much smaller concentration of lipid,

only 20^iM, is required. At this substrate concentration, enzyme activity

using PI was 8.0 and 16.4 times greater than when PC and PE were utilized,

respectively.

8.4.2 Dnhibition of phospholLpase by mepgeune and

Although PLC activity was not significantly affected by incubation

with either mepacrine or pBPB. both inhibitors significantly reduced PLA^

activity. 50% reduction in enzyme activity occurred at a concentration of

approximately 100^M pBPB (see Figure 0.9). Such a loss of enzymic activity

upon incubation with pBPB was originally described in experiments using

porcine pancreatic PLA-. (Volwerk et al., 1974). This demonstrated loss of

activity was thought to be caused by chemical modification, the alkylation

of a single amino acid residue essential to enzyme function. Subsequent

experimentation showed that this residue was histidine, and that this

amino acid was present at the active site of the enzyme. By direct

comparison, the results obtained in this chapter also suggest that histidine

is present at the active site of the semen derived PLA^, confirming previous

observations (Kunzc and Bohn, 1978; Wurl ct al., 1980; Thakkar ct al.,

1984). The demonstration that the same amino acid is present in the active

site of PLA-. from such diverse sources as porcine pancreas and human

semen is not surprising, as evidence from a variety of enzyme sources has

suggested that of the 123 or so amino acids which make up PLA-,, 32 are

absolutely conserved. These amino acids are thought to be associated with

two distinct regions of the molecules, the catalytic region, and the Ca^+
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binding region (Slotboom ct aI., 1982).

Both pBPB and mepacrine have been used to successfully inhibit the

PLA2 activity associated with hamster (Lui and Meizel, 1979), guinea-pig

(Ono et a1982), and mouse (Thakkar et a/., 1983) sperm. While the

inhibition of human sperm PLA-, was seen on incubation with pBPB at

concentrations similar to those used in this study, surprisingly mcpacrine

was found to be without effect (Thakkar et a/., 1984; Langlais and Roberts,

1985). Results described in this chapter, however, cannot confirm this

observation. The activity of crude semen precipitated PLA2 was halved if

approximately 750^M mepacrine was added to the incubation mixture (see

Figure 8.9) while PLA2 obtained from sperm extracts was inhibited to the

same extent by 550pM inhibitor (data not shown diagrammatically).

Mepacrine is not, however, as good an enzyme inhibitor as pBPB although

the discrepency between the results obtained here and from both Thakkar

and Langlais' laboratories remains to be explained.

3.4.3 and seminal plasma phospholipase leoels

The respective PLC and PLA2 activities associated with ram. bull and

human sperm, as well as human seminal plasma cam be seen in Table 8.2.

Bull sperm PLA-, activity has been previously measured at 0.2nmols/hr

per mg protein, while in ejaculated human sperm sonicates, the specific

activity of the same enzyme was on average 805.4 nmol/hr per mg protein

(Thakkar ct aJ., 1984). Comparing these values with those given in Table

8.2, the bull PLA2 activity, at 10.4 nmol/hr per mg protein, is approximately

50 times greater, while human sperm PLA2 activity with a specific activity

of 849.9 nmol/hr per mg protein is very nearly equivalent. No comparable

values for PLC activity in either ram or bull sperm are available as yet.

Human sperm PLC activity has, however, been measured (Ribbes et aJ..

1987). Here, the maximum specific activity of the enzyme was given as
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SAMPLE n

plc activity

nmol/mg/min
(Mean - Sem)

pla2 activity
nmol/mg/min
(Mean - Sem)

Ram sperm (epidldymal) to 0.256 t 0.040

(0.136-0.SIO)

0.803 ± 0.097

(0.230-1.330)

Bull sperm (epldidymal) to 0.070 ± 0.031

(0.003-0.357)

0.173 - 0.050

(0.003-0.493)

Human sperm (ejaculated) 20 2.67S t 0.480

(0.095-9.762)

14.148 t 3.033

(0.978-54.661)

Human seminal plasma 42 4.109 t 0.439

(1.148-12.787)

46.167 ± 4.322

(14.2S0-141.273)

Albumin 8 - 1.067 t 1.635

(0.702-1.635)

l^ble 8.2 Phospholipase C and phospholipase A2 concentrations
(x - SEM with range in brackets)

10 nmol/min per mg protein, a value which is only 3.7 times greater than

the mean value estimated in this chapter.

While human spermatozoa possess the greatest phospholipase activity

when compared to either ram, or bull sperm, table 8.2 also shows that

seminal plasma contains phospholipase activity.

Human seminal plasma contains approximately twice the amount of

PLC activity, and three times the levels qf PLA2 activity than an equivalent

protein weight of spermatozoa. If, however, these figures are converted to

take into consideration the total number of sperm in the ejaculate, then

the sperm phospholipase content becomes 11.235 nmols/min for PLC, and

59.422 nmols/min for PLA2. Seminal plasma on the other hand contains 333

- 33 nmols/min total PLC activity, (mean - SEM range = 40-748 nmols/min)

and 3865 - 307 nmols/min total PLA2 activity (mean - SEM range = 790-8613

nmols/min). Obviously, in this case, the levels of phospholipase in seminal

plasma greatly excedes those measured in spermatozoa. In an average

ejaculate, the sperm: seminal plasma phospholipase ratios are 1:30 and 1:66

for PLC and PLA2 respectively.

Because of the vast excess of the phospholipases A2 and C in seminal



^iqwte 8.9 Effects of increasing concentrations of the inhibitors mepacrine

and para-bromo-phenacylbromide (pBPB) on semen PLC and

PLA2 activities.
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plasma, the whole semen precipitate used throughout this chapter can be

considered as containing enzyme activity of mainly seminal plasma origin.

In order to compare the effects various substances have on phospholipase

activity, several of the experiments described in this chapter were carried

out on both the semen precipitated enzymes as well as those obtained

from human sperm sonicates.

If lmll of phospholipase converts l^mole of substrate per minute

at optimal incubating conditions, then the total seminal PLC activity is

equivalent to 0.333 mil, while the activity of PLA2 is 3.865 mil. Human

seminal plasma PLA2 levels, but not PLC levels have been measured

previously (Kunze ct aJ., 1974; Kunze and Bohn, 1978; Wurl et a/., 1980).

These studies suggested that total semen PLA2 activities ranged from

undetcctible to 721 mil. These workers, however, calculated specific activity

on the basis of lmll hydrolysing lnmole of substrate per minute. Using

this formula, the range for the total PLA2 levels measured in the samples

in this study varied between 790 mU to 8613 mU. obviously values which

greatly excede those previously described.

Kunze and Bohn (1978) also suggested that PLA2 activity could be

detected in the seminal plasma of either normal or vasectomized individuals.

This was taken as an indication that this enzyme was secreted by the

prostate and/or the seminal vesicles. As subsequent statistical analyses

revealed a significant correlation between enzyme activity and seminal

plasma PGE content (R = 0.53. p <0.01), then the authors concluded that

PLA2 and the prostaglandins were secreted by the same tissues, the seminal

vesicles. The phospholipase measurements described in this chapter were

made on the 42 samples comprising study A (see Chapters 3 and 4) for

which the seminal prostaglandin concentrations were also known. In this

case, statistical analysis confirmed the correlation between total seminal

plasma PGE content and total PLA2 activity (R = 0.3606, p <0.05). The
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correlation between total PLA2 activity and PGE + 19-OH PGE only just

failed to reach a significant level (R = 0.2808, p = 0.08). Seminal PLA2

content could not be correlated with any F prostaglandin values. The total

seminal plasma phospholipase C activity, on the other hand, was not

correlated to the levels of either PGE, 19-OH PGE, or PGF2oc. In fact,

significance was only achieved when levels of PLC were compared with

levels of 19-OH PGF. Here, a significant correlation could be found {R =

0.3184, p <0.05).

Also included in Table 8.2 is the concentration of PLA2 associated

with albumin. PLC was not detected. In comparison to spermatozoa and

seminal plasma levels, the PLA2 activity per mg of albumin exceeds that

found in cm equivalent protein concentration obtained from either ram or

bull sperm, but is much lower than the activity associated with human

sperm or seminal plasma. PLA2 activity has been previously measured in

bovine serum albumin (Singleton and Killian, 1981; 1983), where it is thought

to be capable of contributing to the acrosome reaction by mimicking the

sperm enzyme. The results proposed in this chapter, however, do not

compare with those measured by the above authors (400 U/g).

3.4.4 Onkibition oj, phospholipase bvf tzypsin

Trypsin inhibited both PLC and PLA2 activities. Previous studies had

suggested that the PLA2 activity purified from both porcine pancreas (dc

Haas ct aJ., 1968) and human platelets (Pickett ct aJ., 1976) could be

increased on incubation with the protease, trypsin. These results

suggested that phospholipasc existed as an inactive zymogen, and activity

was only obtained when a small peptide chain situated at the N-terminal

region of the molecule was split off. While evidence for the presence of

such an enzyme associated with human sperm has recently been

demonstrated (Guerette et a!., 1986, 1988), work described in this chapter
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cannot confirm this. Both semen precipitated and sperm extracted enzyme

were inhibited by 50% when lOpg of trypsin was added to the incubation

medium. No significant stimulation was seen with any concentration used.

Similarly, PLC from either source was also inhibited by 50% on addition of

lOpg of trypsin. Both phospholipases were stimulated slightly after

incubation with the trypsin inhibitor, suggesting that seminal plasma

contained a trypsin like factor.

8.4.5 ^-fects "pTostaglanblns on phosphoLlpase nctioitvf

In 1983, Moskowitz and his coworkers incubated snake venom PLA2

with both PGEj and PGF2ot. The authors found that in the presence or

absence of calmodulin, PGF2a stimulated PLA2 in a dose dependent manner,

while PGE2 inhibited activity. The experiments described in this chapter

attempted to determine the effects differing concentrations of the major

seminal prostaglandins had on both semen precipitated and sperm PLC and

PLA2.

The effects of the major seminal prostaglandins on semen precipitated

phospholipases can be seen in Figures 8.10-8.13. PGEj stimulated PLC

activity only marginally, although a consistent increase in enzyme activity

(approximately 40%) could be detected when between 20pg/ml and 200ug/ml

were added to each incubation. PLA2, on the other hand, was unaffected by

concentrations of PGEj below 200ug/ml. Above this level, however, a

significant decrease in enzyme activity was observed (300pg/ml - 30%

decrease - p *0.01). PGE2 had no effect on PLA2 activity, but stimulated

PLC activity. A dose dependent increase in activity was seen when

concentrations of up to lOO^tg/ml were added. Here, a 200% increase in

activity was observed (p <0.001). Above lOOpg/ml, however, the ability of

PGE2 to stimulate seminal PLC declined until at 300pg/ml enzyme activity

was not significantly different from control values.



figure 8.10 Effects of increasing concentrations of PGEj on semen PLC

and PLAo activity.

8.ii Effects of increasing concentrations of PGE2 on semen PLC

and PLA2 activity.
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Figure 8.10

PGEi Concentration (jig / ml)

Figure 8.11

PGE2 Concentration (jig / ml)



Jiquze 8.12 Effects of increasing concentrations of 19-OH PGE on semen

PLC and PLAo activity.

"J-Lfiute 8.13 Effects of increasing concentrations of PGF2a on semen PLC

and PLAo activity.
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Figure 8.12

Log 19E Concentration (fig / ml)

Figure 8.13

Log PGF2ttk Concentration (fig / ml)
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The most noticeable thing about incubating 19-OH PGE with semen

phospholipases was the variability brought to the assay. Stimulation of

PLC activity was seen between 20-100gg/ml, although the large variation

meant that a significant increase was only observed at a concentration of

20^ig/ml (p <0.05). In general, 19-OH PGE had no effect on PLA2 activity,

although a slight but insignificant decrease in enzyme activity was seen at

the highest concentration used.

Like PGE2, PGF2oc also stimulated semen PLC activity. In this case,

however, maximal stimulation (approximately 170% increase) was seen at

20(ig/ml. At lOO^ig/ml (the concentration at which maximal stimulation

was seen for PGE2), PGF2a was a much less effective stimulator. Here, the

increase in activity was only 45% (p <0.05). At a concentration of 300^xg/ml,

PLC activity was reduced almost to zero (p <0.001). Unlike the other

prostaglandins tested, PGF2a also increased PLA2 activity in a dose

dependent manner. Stimulation could be observed from 10^g/ml up until

200^ig/ml where a maximal effect (134% increase - p <0.001) was seen. At

300^g/ml, however. PGF2a incubations were not significantly different

from control values.

The effects of seminal prostaglandins upon the phospholipases

obtained from pooled human sperm sonicates can be seen in Table 8.3.

Essentially, the results shown here are similar to those obtained using the

enzymes precipitated from whole semen. Prostaglandins from the E series

had no significant effect upon PLA2 activity at the three concentrations

used. PGF2a, however, stimulated PLA2 activity in a dose dependent fashion,

with maximal stimulation occurring on incubation with 100tig/ml (93%

increase in activity p •'0.01).

PGEj stimulated sperm associated PLC in a dose dependent fashion,

however, significance (60% increase in activity p <0.01) was only reached on

incubation with 100^g/ml prostaglandin. This is a slightly higher increase
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PROSTAGLANDIN

CONCENTRATION

PLC ACTIVITY

% CONTROL
PLA2 ACTIVITY

X CONTROL

1 tig/ml 114 t 22 (NS) 105 t 6 (NS)

PGEj { lO^g/ml 126 t 18 (NS) 111 - 12 (NS)

lOOng/ml 160 ± 37 (p <-0.01) 117 - 9 (NS)

1 jig/ml 132 t 43 (NS) 109 i 13 (NS)

PGE2 { 10ng/ml 172 ± 41 (p <0.05) 113 ± 15 (NS)

lOOng/ml SS ± 27 (p <0.01) 115 ± 9 (NS)

1 iig/rril 109 ± 22 (NS) 106 t 11 (NS)
19-OH r '

, ,

_ ! 10 tig/ml 112 t 57 (NS) 107 t 16 (NS)
PGE

lOOng/ml 107 t 39 (NS) 114 t 21 (NS)

1 tig/ml 297 ± 41 (p<0.001) 127 ± 8 (p<O.OS)
PGF2oc { 10tig/ml 176 ± 45 (p<O.OS) 154 ± 24 (p<0.01)

lOOng/ml 29 t 33 (p<0.001) 193 t 31 (p^O.Ol)

^Cahle 8.3 Effects of seminal prostaglandins upon sperm
associated phospholipase activity.

(Mean - SD of 2 quadruplicate experiments)

in enzyme activity than was observed using the semen precipitated enzyme.

PGE2 again showed a biphasic effect, stimulating sperm PLC activity at

low doses (lOpg/ml - increase = 72%, p <0.05) while inhibiting at higher

levels (100(ig/ml - 45% decrease, p <0.01). This result is slightly different

to that seen for the semen precipitated PLC where maximal enzyme

stimulation occurred at 100tig/ml, while even at 300pg/ml no significant

decrease in activity could be seen. Again, 19-OH PGE had no significant

effect on PLC activity, while like PGE2, PGF2a showed a biphasic effect.

Sperm associated PLC was both stimulated and inhibited by lower

concentrations than had been seen for the semen precipitated enzyme. In

this case, maximal stimulation could be seen at a 20 fold lower

prostaglandin concentration (l{ig/ml), while inhibition of activity (-71%,

p <0.001) was observed at lOOug/ml.

8.4.6 £.ftects sine upon phospholipases and C Associated loith
human semen

In 1984, Thakkar and his coworkers suggested that human sperm

PLA2 could be inhibited by Mn2+ and Zn2+ in a dose dependent fashion in
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the presence of ImM Ca2+. Zinc was found to be more effective than

Mn2+, while neither Mg2+ nor Sr2+ had any significant effect (Thakkar et

aJ., 1984).

Results obtained in the study described in this chapter confirmed the

fact that Zn2+ could modulate PLA2, in this case obtained from a semen

precipitate, and that the extent of modulation depended upon the

concentration of Ca2+ present in the incubating medium. Additionally, the

effects of zinc upon PLC activity was also determined (see Figures 8.14-8.16).

In the absence of added calcium, zinc had a dose dependent biphasic

effect on the activities of both PLC and PLA2 (Figure 8.14). At 1 x 10-8M,
a slight but significant stimulation in PLC activity was seen (+32%, p <0.05),

but when a concentration of 1 x 10-7M zinc was added, a 79% reduction in

enzymic activity was observed (p <0.001). PLA2, however, was much more

resistant to the effects of increasing zinc concentrations. In this case,

enzyme activity was stimulated in a dose dependent fashion up to a Zn2+

concentration of 1 x 10_6M (40% increase - p <0.05). Upon addition of

1 x 10-SM Zn2+, however, PLA2 activity was reduced almost to zero (86%

reduction - p <0.001).

By increasing the calcium concentration in the medium, however, the

inhibitory effects of high concentrations of zinc in the medium could be

largely reduced for both phospholipases tested. In the presence of O.SmM

calcium, an 81% decrease in PLC activity was not seen until the concentration

of zinc in the incubating medium had reached 1 x 10~6M (p <0.001). With

ImM calcium present, the same inhibition was not seen until 1 x 10_SM

zinc was added (p 0.001), while in the presence of 4mM Ca2+, zinc

stimulated human semen PLC up to a concentration of 1 x 10_SM (93%

increase - p <0.001). In this case, inhibition (37% decrease) was not seen

until ImM zinc was added (p <0.05).

A similar effect on PLA2 activity was observed when the concentration



^fi^uze 8.1*1 Effects of increasing zinc concentrations on semen PLC and

PLAo activities in the presence of no added calcium.

8.15 Effects of increasing zinc concentrations on semen PLC

activity in the presence of O.SmM, l.OmM and 4.0mM calcium.

^Lefu/te 8.16 Effects of increasing zinc concentrations on semen PLA2

activity in the presence of O.SmM, l.OmM and 4.0mM calcium.



Figure 8.14

Figure 8.15 - PLC

Zinc Concentration (M)

Figure 8.16 - PLA?

Zinc Concentration (M)
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of Ca2+ present in the incubating medium was increased. Compared to the

situation when no calcium was added to the medium (86% reduction in

PLA2 activity at a zinc concentration of 1 x 10_SM) with a Ca2+

concentration of 0.5mM present, a 71% decrease in enzyme activity occurred

only when the zinc concentration reached 1 x 10_4M (p <0.001). When ImM

Ca2+ was added, the concentration of zinc required to give an 81% reduction

in activity was 1 x 10~3M (p <0.001), while in the presence of 4mM Ca2+,

1 x 10~3M zinc caused only a 63% decrease in activity (p <0.01).

8.4.7 ects o^> calmodulin, anb calmodulin antagonists on 'p/LC and

activity

In 1979, it was demonstrated that the calcium binding protein,

calmodulin (see Chapter 7 for full discussion) could stimulate human

platelet PLA2 (Wong and Cheung, 1979). Since then, PLA2 activity from a

variety of sources including brain synaptic vesicles (Moskowitz et al.,

1982), snake venom (Moskowitz et al., 1983) as well as bee venom and

porcine pancreas (Moskowitz et al., 1985) have been shown to be increased

by calmodulin. Calmodulin antagonists have have the capacity to inhibit

PLAo activity from several sources including human platelets (Watanahe et

al., 1986) and human spermatozoa (Thakkar et al., 1984). Indeed, Thakkar

and his coworkers suggested that the calmodulin antagonist trifluoroperazine

had a biphasic effect on sperm PLA2, stimulating enzymic activity, between

1 x 10_7M and 1 x 10_5M while inhibiting activity (up to 70%) at

concentrations above 1 x 10_5M.

Experiments described in this chapter suggested that addition of

purified calmodulin to either semen precipitated (Figure 8.17) or sperm

(data not shown) PLA2 had no significant effects on enzyme activity. PLC

from both sources, however, was inhibited by up to 50% (p <0.01) on

addition of 10(iM calmodulin. The calmodulin inhibitors calmidazolium



^iqute 8.17 Effects of an increasing calmodulin concentration on semen

PLC and PLA2 activities.

8.18 Effects of increasing concentrations of the calmodulin inhibitor,

calmidazolium, on semen PLC and PLA2 activities.

8.19 Effects of increasing concentrations of the calmodulin inhibitor,

trifluoroperazine, on semen PLC and PLA2 activities.
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(Figure 8.18) and trifluoroperazine (Figure 8.19) decreased PLA2 activity

(figures show semen precipitate results). As was seen in the paper of

Thakkar et al. (1984), trifluoroperazine stimulated PLA2 activity at

concentrations between 10~7 and 10~6M (p <0.01) while at concentrations

above 10_SM inhibition was seen (73% inhibition at 1 x 10~3M, p <0.001).

Calmidazolium, on the other hand, did not stimulate PLA2 activity. Using

this calmodulin antagonist, semen PLA2 was inhibited (p <0.01) at

concentrations above 1 x 10-6M. In contrast to the effects of these

antagonists of PLA2, both calmidazolium and trifluoroperazine stimulated

PLC activity. Concentrations of calmidazolium betwen 1 x 10_SM -

1 x 10~SM significantly stimulated PLC activity (maximum stimulation of

+155%, p <0.001 occurred at 1 x 10~6M) while concentrations above

1 x 10~SM inhibited PLC activity (74% decrease at 1 x 10-3M, p <0.001). In

comparison, trifluoroperazine stimulated PLC activity over a range of

concentrations between 1 x 10-7 to 1 x 10-6M (maximum stimulation of

74% at 1 x 10-6, p <0.01), while inhibition only occurred when this

antagonist's concentration had exceeded 1 x 10~4M (maximum inhibition of

50% at 1 x 10-3M, p <0.01). Although the effects of calmodulin antagonists

on human semen PLC have not been previously described, a stimulatory

effect of trifluoroperazine on PLC from human platelets has been suggested

(Walenga et al., 1981). Here, the authors noted that trifluoroperazine

inhibited the release of arachidonic acid from phosphatidylcholine, while

stimulating its release in a diglyceride form from phosphatidylinositol.

8.4.8 &^ects spermine and spermidine on "p/LC. and "p/LA7 {tern human
semen

The effects of the polyamines upon semen precipitated PLC and PLA-,

activities can be seen in Figure 8.20. Significantly, no effects of either

polyamine could be detected on PLA2 activity over the range examined



^flQine 8^20 Effects of incubation of semen PLC and PLA2 with the

polyamines spermine and spermidine.
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(10(iM-2mM). Both spermine and spermidine increased PLC activity, however.

Spermine was slightly the more sensitive stimulator, as increases in PLC

activity could be detected on addition of 100 pM polyamine. Maximal effect

was seen at a concentration of SOOpM (increase of 163%, p <0.001), although

at concentrations above this no increase in activity beyond control levels

was detected. Spermidine increased semen PLC activity from 500pM onwards.

Over the range tested for this polyamine, no decrease in PLC activity was

seen. These results are comparable to previous reports on the effects of

polyamines on PLC isolated from human amniotic tissue (Sagawa et aJ.,

1983). In this instance, in the presence of a calcium concentration of

ImM, spermine (O.lmM) and spermidine (l.SmM) increase PLC activity by

460 and 560% respectively.

8.4.9 ^epazation of, "p/LA7 aetiolty {,zam the precipitated pzctein o^, human
seminal plasm#

In 1984, the presence of an anti phospholipase A2 protein was

demonstrated in porcine serum (Nevalainen and Evilampi, 1984), and human

serum and plasma (Eti^nne et al., 1984). In an attempt to determine whether

human semen contained a similar inhibitory protein, PLA2 was separated

from the other semen precipitated proteins on a column which was made

to the specifications of Aarsman et aJ. (1984). The effectiveness of this

column in binding and subsequently releasing PLA2 was determined using

iodinated snake venom enzyme. The results of the addition of the iodinated

PLAo to the affinity column can be seen in Figures 8.21-8.23.

Initially, iodinated snake venom phospholipase was separated on a

G100 column into 2 broad peaks. These peaks were pooled and applied to

the prepared affinity column. When peak A from the G100 column (see

Figure 8.21) was applied to the affinity column, only 7% of the total counts

were eluted using the calcium containing buffer. On elution with EDTA
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however, an initial sharp peak of activity (containing 37% of the total

counts applied) was released from the column in the first 12 fractions. In

the 40 fractions collected while eluting with the EDTA containing buffer,

a total of 86% of activity could be collected. If peak B obtained from the

G100 column were applied to the affinity column, however, and eluted in an

identical fashion, the majority of the counts eluted in the first 20 fractions

(84%) and no sharp peak on EDTA elution was observed. These results

suggested that peak A from the G100 column contained the iodinated

snake venom phospholipase. This was confirmed when unlabelled snake

venom phospholipase was added to the affinity column and the fractions

assayed for PLA2 activity. In this case, 85% of activity could be obtained

only after elution with the EDTA buffer.

When lmg of acetone precipitated protein from whole semen was

applied to the affinity column, and PLA2 activity in the collected fractions

determined, only 3.6% of total activity was eluted in the first 20 calcium

containing fractions. 56% of the PLA2 activity could be obtained in the

first 15 fractions following the change to the EDTA containing buffer.

Protein from the first 20 fractions was concentrated and brought to lOmg/ml

in assay buffer. When aliquots of this protein were added back to either

the whole semen precipitate PLA2 assay, the sperm PLA2 assay, or even

the partially purified PLA2 obtained from the affinity column, no significant

decreases in enzyme activity could be seen. These results were taken as

preliminary evidence suggesting that a protein PLA2 inhibitor does not

exist in human semen.

8.5 Conclusions
The results described in this chapter have confirmed the existence of

active phospholipases in spermatozoa and seminal plasma. The levels of

phosphatidylethanolamine dependent PLA2 activity measured in human and
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bull sperm sonicates are similar to those previously quoted (Thakkar et

al., 1984) while the levels of PLC associated with human sperm are only

slightly reduced (Ribbes et al., 1987). In contrast, the levels of PLAo

activity measured in human seminal plasma are approximately 11 times

greater than the values quoted by Kunze and Bohn (1978), and also occur

over a very much greater range. This study provides the first evidence that

phosphatidylinositol dependent PLC activity is associated with bull and ram

sperm, as well as human seminal plasma.

PLAo associated with human semen is inhibited by both pBPB and

mepacrine. Bromophenacylbromide is an alkylating agent, initially shown to

be able to inhibit porcine pancreatic PLA2 (Volwerk et al., 1974). Further

experimentation suggested that a single histidine residue was alkylated,

and it was concluded that this residue was positioned in or around the

active site of the enzyme. By direct comparison, the results from this

chapter suggest that histidine may also be present in the active site of

semen PLA2-

Mepacrine inhibits PLA2 activity by interacting with the phospholipid

substrate, and possibly also with the enzyme itself. Mepacrine is not as

effective an inhibitor of human semen PLAo as pBPB, but the results

described in this chapter cannot confirm those of either Thakkar et al.

(1984) or Langlais and Roberts (1985) who found no effect of mepacrine on

human PLAo activity.

A correlation was observed between both the total seminal plasma

PLAo levels, and the total PGE concentration. This relationship suggests

that both phospholipases and prostaglandins originate from the seminal

vesicles, am observation previously described by Kunze and Bohn (1978).

This result fits in with the known biosynthetic pathway for prostaglandins

(see Chapter 1), as PLA2 is known to release the prostaglandin precursor,

arachidonic acid, from membrane phospholipids. Interestingly, total seminal
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PLC activity was significantly correlated with total concentrations of 19-OH

PGF. The action of PLC to release diacylglycerol from phospholipids

followed by the action of diacylclycerol lipase is another mechanism by

which arachidonic acid may be released from membrane phospholipids. The

idea that arachidonic acid utilized for F prostaglandin synthesis is released

via a different enzymic mechanism than for synthesis of the E series

prostaglandins is am unusual one, but one which may merit further

investigation. It is also an unusuad situation in which both initiating

enzymes (PLAo and PLC) are released at the same time as the end products

of the biosynthesis. This possibly reflects the rapid rates of synthesis of

prostaglandins, amd the apocrine mechamism of secretion of the seminal

vesicles.

The concentrations of both PLA2 and PLC in human seminal plasma

greatly exceed those present in the spermatozoa. If these enzymes aire

active, then at ejaculation spermatozoa may be exposed to a vauiety of

potentially toxic molecules. Incubation of spermatozoa with

lysophospholipids may reduce sperm motility (Hong et al., 1986), possibly

by decreasing the diffusion of carbohydrate across the bilayer, a situation

previously seen to occur in erythrocyte membranes (Fujii et aJ., 1986).

Additionally, sperm exposure to exogenous PLA2 (Llamos et a7., 1982),

lysophospholipids (Fleming amd Yamagimachi, 1982; Llanos et aJ., 1982; Ohzu

amd Yanagimachi, 1982; Lamglaiis et a!., 1982; Llamos amd Meizel, 1983: Lamglais

and Roberts, 1985; Yamagimachi and Suzuki, 1985), or cis unsaturated fatty

acids (Meizel and Turner, 1983a, 1984) may induce premature acrosome

reactions.

The phospholipases A2 in seminal plasma must be inactive at

ejaculation in order that the structured integrity of the sperm be maintained.

One possible mechanism of inactivation is the existence of the enzyme in a

zymogen, or pro-enzyme form. The existence of zymogen forms of PLA2
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has been demonstrated both for porcine pancreatic PLA2 (de Haas et aJ.,

1968), human platelets (Pickett et aJ., 1976) and recently, human spermatozoa

(Guerette et aJ, 1986; 1988). It has been suggested that the major enzyme

responsible for the release of arachidonic acid for prostaglandin biosynthesis,

(PLA2), is unlikely to be a zymogen (Vogt, 1978). The reasoning behind this

is that activation of the pro-enzyme would be largely irreversible. Reduction

in prostaglandin biosynthesis at the level of phospholipid hydrolysis would

in this case depend on the proteolytic cleavage of PLA2, a system which

would be too slow to accommodate rapid bursts of prostaglandin production

and release. In accordance with this, the results described in this chapter

suggest that the seminal enzyme is present in its active form. Incubation

of this enzyme with exogenous trypsin only decreased PLA2 (and PLC)

activity, suggesting that the enzyme was being broken down. Incubation

with a trypsin inhibitor, on the other hand, stimulated the activity of both

PLAo and PLC. This suggests that naturally occurring proteases exist in

seminal plasma.

Incubation of phospholipases obtained from sonicates of pooled human

spermatozoa with trypsin also failed to increase pla2 activity. Human

sperm pla2 may also not be present in a zymogen form. The activation of

a zymogen form of pla2 is em irreversible event. Such an "all or none"

situation may suit the sperm acrosome reaction, however, and it has been

proposed that acrosin, another acrosomal enzyme, may activate pla2 (Meizel,

1978; 1984). At the moment, it may not be stated definitely that acrosomal

pla2 exists as a zymogen or not. Indeed, it could be possible that several

forms of pla2 exist in spermatozoa. Such a situation has been described

for guinea-pig spermatozoa (Ono et aJ., 1982) and also recently for human

sperm (Antaki et aJ., 1988).

It seems unlikely that pH plays a significant role in reducing the

activity of either PLC or PLA-, in human semen. Both enzymes are optimally
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active between pH 7-8, and as the pH of seminal plasma on ejaculation

into the female reproductive tract is pH 7.0 (Mann and Lutwak-Mann,

1981), near optimal activity should be present.

For spermatozoa, pH may play an important part in the inhibition of

acrosomal phospholipases. Working and Meizel (1981, 1983) have

demonstrated that the pH of the non capacitated hamster sperm acrosome

is pH 5. If this is the case for human spermatozoa, then both acrosomal

phospholipases would be maintained in em inactive state. An increase in

acrosomal pH is known to precede the acrosome reaction (Working and

Meizel, 1981, 1983), possibly brought about by the inhibition of a protein

translocating ATPase, or the opening of H+ efflux channels in the

membranes. If such a pH increase stimulates phospholipase activity it

must, however, be one of the last events of capacitation, as a pH rise in

non capacitated sperm does not induce the acrosome reaction. Other

membrane destabilizing events must also be necessary, in addition to the

pH rise, to induce the acrosome reaction.

The levels of calcium ions within seminal plasma may play a critical

role in phospholipase activation or inhibition. If the mean calcium ion

concentration is approximately 0.5mM (Ford and Harrison, 1984), both PLC

and PLA2 would be about 40% of maximal activity. Higher calcium ion

concentrations would further stimulate activity.

Two other factors present in seminal plasma have the potential for

interaction with calcium to increase seminal phospholipase activity. Results

obtained in this study have suggested that low concentrations of zinc are

capable of stimulating both PLC and PLA2. In the presence of 0.5mM ionic

calcium, PLC activity is stimulated at concentrations below lOOnM.

Concentrations above this, however, inhibited this enzyme, although the

degree of inhibition could be reduced in the presence of higher Ca2+

concentrations. Zinc concentrations in the ^M range inhibit PLA2 activity in
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the presence of 0.5mM ionic Ca2+. Again, increasing the ionic calcium

concentration reduced the ability of zinc to inhibit the PLA2 enzyme. Like

calcium, the ionic concentration of zinc is only about 1-2% of the total

concentration (up to 2mM). If the ionic zinc concentration in human seminal

plasma is as low as lOpM, then in the presence of O.SmM Ca2+, PLC

activity will be reduced by 80%, while PLA2 activity would be only at 50%

of the maximum. These results demonstrate that zinc is a very potent

inhibitor, and may indeed be the major factor controlling phospholipase

activity in human seminal plasma.

In several biological situations, calmodulin has the capacity to stimulate

PLAo activity by interacting directly with the enzyme (Wong and Cheung,

1979; Moskowitz et al., 1982; 1983; 1985). A calmodulin-like protein, calsemin,

has been identified in human seminal plasma (Bradley and Forrester, 1982),

and so potential exists for PLA2 stimulation via this route. When purified

brain calmodulin was added to the seminal plasma phospholipase enzyme,

however, no effects on PLA2 activity were observed. PLC activity was

slightly decreased.

In the presence of calmodulin inhibitors, however, PLA2 activity was

significantly decreased. This suggests that calmodulin stimulation may

exist for the semen enzymes, even though no direct effects of exogenous

calmodulin could be seen. It may be that the semen precipitated PLA2

used in the assays in this study had calmodulin already bound to it. In

this case, addition of extra calmodulin to the enzyme would have no effect.

Recently, Wurl and Kunze (1985) suggested that PLAo activity from seminal

plasma was the result of the interaction of two proteins. Purification of

these proteins into their individual forms resulted in complete loss of

activity. Further experimentation showed that the molecular weights for

these proteins were 12 000 and 14 000. PLA2 has a molecular weight of
approximately 15 000, and although the molecular weight of the remaining
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protein is a little small for calmodulin (16 000), the possibility of such an

interaction exists.

The effects of the calmodulin inhibitors on PLC activity may be

artifactual, as previous workers have observed increases in this enzyme

activity on incubation with trifluoroperazine (Walenga et al., 1981)

Intracellular calcium concentrations in the l-200nM range are too low

to stimulate either PLC or PLA2 activities. For this reason, it is unlikely

that sperm acrosomal enzymes are active. Calmodulin may, however, be

closely associated with sperm PLA2, as an overlapping distribution of both

proteins in the plasma membrane and post acrosomal substance of bull

sperm has been observed (Weinman et al., 1986). Even if PLA2 and

calmodulin interact in the acrosome, it is unlikely that the enzyme is

significantly active, as the acrosome is known to contain high concentrations

of zinc (Janick et al., 1971). For the acrosome reaction to occur, the

permeability of the plasma membrane to both calcium and zinc must

increase. Alternatively, calcium pumps which actively exclude this cation

from the acrosome must be inhibited or reversed. Following this, the

acrosomal calcium concentration would increase, and the acrosomal

concentration of zinc would decrease. An ideal situation may eventually be

reached when both ions would interact so as to stimulate PLC and PLA2

activity. Calmodulin may reduce the ionic requirement of PLA2 for calcium

in the acrosome. Evidence suggests that lipid separations and fusion of

phosphatidylserine containing liposomes cam be dramatically increased if

concentrations of calcium and zinc are present together (Deleers et al.,

1986). Additionally, the removal of zinc from spermatozoa by albumin has

been proposed as a component of capacitation which leads to the

destabilization of the membranes overlying the acrosome (Johnson and

Eliasson, 1978).

Addition of both spermine and spermidine to phospholipase incubations
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failed to have any significant effect on PLA2 activity. PLC activity was

markedly increased by both polyamines, however. Spermine increased PLC

activity maximally at 500(iM, a concentration well within the range normally

detectable in human seminal plasma (up to 3mM - Mann and Lutwak-Mann,

1981). Spermidine, on the other hand, increased PLC maximally at ImM.

This concentration may, however, be supraphysiological (normal levels =

0.3mM - Mann and Lutwak-Mann, 1981). It seems likely that these effects

are caused by em interaction of the polyamine with the acidic phospholipid,

phosphatidyl inositol, a situation previously described in experiments using

human amniotic phospholipase C (Sagawa et al., 1983).

Neither PLA2 nor PLC activity was affected to emy extent by the

addition of the protein peak obtained from the calcium conteiining fractions

eluted from the PLA2 affinity column. This fraction conteiins the majority

of seminal plasma proteins, excluding PLA2. While this suggests that

protein phospholipase inhibitors are not present in semen, these results

do not conclusively exclude the possibility that such proteins exist,

especially associated with spermatozoa. Indeed, phosphorylation of these

inhibitory proteins by protein kinase stimulated during capacitation would

provide an alternative mechanism for sperm PLA2 activation.

PGEj but not PGE2 or 19-OH PGE inhibited PLA2 activity. Maximal

inhibition occurred at a concentration of 300(ig/ml. This level of

prostaglandin is rarely seen in human seminal plasma, even for the total PGEj

+ PGEo content, and consequently this result must be considered as a

supraphysiological effect. It seems likely that PGE2 has little effect on PLA2

activity at levels normally seen in seminal plasma (up to SO^g/ml).

Unlike the E prostaglandins, PGF2a stimulates seminal PLA2 in a dose

dependent manner up to concentrations of 200pg/ml. Again, these

prostaglandin levels are much greater than those normally seen in human

seminal plasma, although effects of PGF2a were significant at concentrations
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as low as lOug/ml.

In comparison to PLA2, PLC activity is stimulated by the presence of

all prostaglandins. PGEj significantly stimulated PLC activity at

concentrations as low as 20|rg/ml, although a mean stimulation of

approximately 40% was seen even when the enzyme was incubated with

higher, supraphysiological levels of prostaglandin. Addition of PGE2 to the

PLC enzyme induced a bell shaped dose response curve. Increasing activity

was seen over the physiological range (up to lOO^g/ml), while at

supraphysiological levels, activity was not significantly altered from control

levels. 19-OH PGE also stimulates PLC activity. In this case, however,

significant stimulation was only observed at a concentration of 20gg/ml.

PGF2a influenced semen PLC activity in a biphasic fashion. At

concentrations up to 20gg/ml, a dose dependent increase in activity was

seen, while at concentrations above this, activity declined. If

supraphysiological concentrations of PGF2a were added (300pg/ml), PLC

activity was almost totally inhibited. Interestingly, PGF2a was the only

prostaglandin capable of simultaneously increasing both PLA2 and PLC

activities at concentrations within the range normally found in seminal

plasma.

The effects of prostaglandins on sperm PLC and PLA2 activities were

esssentially the same as those observed for the semen precipitate although

in general, lower concentrations of prostaglandins were needed to produce a

maximal stimulation. The possibility exists that the sperm PLC enzyme in

particular may be activated by both PGE2 and PGF2a at ejaculation.

It is important to note that several seminal plasma constituents,

including prostaglandins and polyamines, stimulated significantly PLC activity.

Stimulation by so many factors could negate amy inhibitory effect which

may be caused by |iM Zn2+ concentrations. In fact, if the Zn2+ levels in

seminal plasma are low enough, then even this ion will significantly
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increase PLC activity in both seminal plasma and spermatozoa. The

existence of so many stimulatory mechanisms may indicate the physiological

importance of this enzyme to sperm function.

In conclusion, it is unlikely that PLA2 from either seminal plasma or

spermatozoa is active at ejaculation. During the course of capacitation,

however, the environment surrounding the sperm acrosomal PLA2 enzyme

should change significantly enough to allow activation with the result that

the acrosome reaction can occur.

What must now be considered is the biological significance of PLC

activation. The action of phospholipase C on inositol phospholipids releases

two potent intracellular messengers, diacylglycerol (DAG) and inositol triphosphate

(I 1, 4, 5 P3) (Michell, 1975, 1986; Berridge, 1984, 1985, 1987; Majerus et a].,

1988). Phosphatidylinositol (PI) is an unusual membrane phospholipid, in

that it cam be repeatedly phosphorylated in the presence of appropriate

kinase enzymes and Mg2+-ATP. In general, the membrane may contain PI

as well as two further phosphorylated derivatives, phosphatidylinositol 4

phosphate (PI 4 P) and phosphatidylinositol 4,5 diphosphate (PI 4,5 P2).

All three phospholipids are known to be acceptable substrates for human

sperm PLC (Ribbes et aJ., 1987).

PI 4,5 P2 is particularly important to the cell in that following an

appropriate receptor mediated stimulus, PI 4,5 P2 kinase adds another

phosphate at the 5 position of the substrate, and following PLC action

DAG, and I 1,4,5 P3 are released. The latter compound is important in

that it can mobilize calcium from intracellular sources, while release of

inositol 4 phosphate (I 4 P) and inositol 4, 5 diphosphate (I 4,5 P2)

from their respective substrates has no such capacity. The release

of calcium from intracellular sources may act as a stimulus for

protein phosphorylation via a Ca2+-calmodulin dependent protein kinase.

Indeed, the inhibitory effects of PGF2a on sperm C02 production seen in

the presence or absence of extracellular calcium (see Chapter 7) may have

been caused either by intracellular calcium release, or perhaps by the
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phosphorylation of a protein essential for C02 production. When PI and PI

4 P are hydrolysed, however, there is no capacity for Ca2+ mobilisation and

the emphasis as far as cellular signal production is concerned favours

DAG.

The neutral lipid DAG stimulates am 80K dalton cytosolic enzyme,

protein kinase C (Rasmussen et ad., 1984; Takai et a]., 1984; Marme and

Metzenauer, 1985; Kikkawa and Nishizuka, 1986). Enzyme activation depends

on the presence of calcium, and the acidic phospholpid, phosphatidylserine.

Calcium is thought to promote the translocation of inactive cytosolic

protein kinase to the periphery of the membrane bilayer, where it associates

with four molecules of phosphatidylserine (Bell, 1986). Calcium-mediated

translocation from cytosol to membrane 'primes' the enzyme, but does not

activate it unless supraphysiological (up to lOOpM) levels of calcium are

present.

The occurrence of unsaturated DAG in the membrane, however, lowers

the km of the enzyme for calcium so that activation may be achieved on

intracellular calcium concentration changes from Od^M-l^M. Thus, the

activation of protein kinase C in the presence of DAG is biochemically

dependent on Ca2+, but physiologically independent of calcium concentration.

Indeed, protein kinase C may be activated in the absence of extracellular

calcium. The exact mechanism of DAG activation is not clear, although it

is believed that 3 molecules of this neutral lipid bind to the protein kinase

C-phosphatidylserine-Ca2+ complex. Binding changes the conformational

state, and thereby activates the enzyme.

Several proteins have been identified in spermatozoa which are

phosphorylated independently of cyclic AMP dependent protein kinase A

(Hoskins and Stephens, 1973, 1975; Hoskins et ad., 1974; Huacuja et ad., 1977;

Brandt and Hoskins, 1980). At present, it has not been determined whether

phosphorylation occurs via a calcium calmodulin dependent system or via
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protein kinase C, although the latter enzyme has been identified in boar

sperm (Adeyemo and Kuide, 1986).

Recent evidence suggests that activation of protein kinase C may

influence both capacitation and the acrosome reaction (Lee et al., 1987).

These workers demonstrated that addition of 65 nM of the tumor

promoting phorbol ester, 12-0-tetradecanoylphorbol 13 acetate (TPA - a

molecule which mimicks DAG) stimulated a phase in sperm maturation

which was intermediate between non acrosome reacted, and acrosome

reacted. One feature of this TPA promoted transition was an increased

leakiness of the membrane. This may, however, be only the observable

effect of protein kinase C activation, following a series of intermediate

events and may not be a direct effect of the enzyme.

In other biological systems, protein kinase C activation has been

shown to promote many biochemical responses. These may include

stimulation of cytosekeletal rearrangement (Akiyama et aJ., 1986; Litchfield

and Hall, 1986; Baudier et a]., 1987; Huang et aJ., 1988), opening of calcium

channels (Harris et aJ., 1986; Yanaguchi et aJ., 1987), the activation of

several enzymes including phosphofructokinase (Nettelblad et al., 1986),

protein phosphatase (Lim-Tung, 1986), the phosphorylation of lipocortin

(Khanna et al., 1986) as well as the stimulation of various membrane

pumping systems including Ca2+-ATPase (Limas, 1980; Movsesian et al.,

1984), Na+-K+ ATPase (Greene and Lattimer, 1986), and the Na+-H+ exchanger

(Burns and Rozengurt, 1983; Rosoff et al., 1984; Whitaker and Aitchison,

1985; Siffert and Scheid, 1986). Whether sperm protein kinase C stimulates

any of the above events remains to be seen. What is important, however,

is that factors within human seminal plasma including prostaglandins may

initiate these events.

This chapter and the previous one have outlined the various cellular

signalling systems which are available to the cell. Low levels of
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intracellular calcium, possibly released by PI metabolism, may stimulate

various systems either directly or via calcium-calmodulin dependent or

protein kinase C mediated systems. Stimulation of protein kinase A by

cAMP provides the other line of signed ling. Obviously, the potential exists

for interactions between these cellular pathways.

It has been suggested that signals inducing PI breakdown and cAMP

production may interact in a positive manner. In this case, the stimulation

of protein kinase C potentiates cAMP production, possibly via a direct

action on adenylate cyclase itself. This situation has been demonstrated

for both pituitary (Cronin and Canonico, 1985; Quilliam et al., 1985) and

vascular smooth muscle cells (Nabika et al., 1985). In another group of cell

types, protein kinase C activation inhibits and desensitises the adenylate

cyclase system. This situation occurs in erythrocytes (Kelleher et al.,

1984; Sibley et aJ., 1984) and Leydig cells (Mukhopadyay and Schumacher,

1985; Papadojoulos et al., 1985; Rebois and Patel, 1985). Alternatively,

proteins phosphorylated via cAMP dependent protein-kinase A mechansims

may also be phosphorylated by both protein kinase C or calcium calmodulin

dependent kinases. In this situation, signals produced by one pathway

antagonise those produced by the other (Nishizuka, 1984a, 1984b).

PGE is thought to elevate intracellular levels of cAMP, an event

which stimulates motility (see Chapter 7). The stimulation of PI turnover

by PGE may potentiate the actions of adenylate cyclase in a manner similar

to that seen in pituitary, and smooth muscle cells. Throughout this thesis,

it has been suggested that PGF2a antagonises the effects of PGE so

inhibiting motility. Although evidence is not yet available for the sperm,

the stimulation of PI turnover by PGF2a may antagonise the actions of

cAMP, possibly via a direct action on adenylate cyclase. Such a situation

may partially explain the effects of PGF2a on the abrogation of the cAMP

and progesterone responses to LH in isolated luteal cells (Raymond et al.,
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1983; Leung et aJ., 1986; Baum and Rosberg, 1987). PLA2 activation also

causes a marked decrease in LH stimulated cAMP accumulation in luteal

cells by inducing membrane rigidifaction (Riley and Carlson, 1985, 1987).

Results in this chapter suggest that as well as stimulating PI turnover via

PLC activation, PGF2a can also increase the activity of PLA2. This factor

may explain the rigidifying effects of PGF2a on luteal membranes, as lateral

phase separations occur similar to those described earlier for the acrosome

reaction. If PGF2a does adversely affect motility by these mechanisms,

then it can be proposed that preliminary effects of this prostaglandin may

be reversed by the addition of PGE to the incubating medium. If, however,

prolonged exposure to PGF2a occurs, then membrane disruption, and lateral

phase separations could result, leading to permanent loss of motility, premature

acrosome reaction induction, and cell death.

1. Both PLC and PLA2 were detected in the sperm of many species

including human. Both phospholipases were found to be present in

human seminal plasma.

2. Correlation of the levels of PLC and PLA2 with seminal prostaglandins

suggests that they are released into the seminal plasma from the

seminal vesicles.

3. Neither human sperm nor seminal plasma PLA2 are thought to be

present in an inactive zymogen form which is subsequently stimulated

by protease activity.

4. The level of seminal plasma PLA2 activity is probably determined by

an interaction of ionic zinc and calcium. PGE's at physiological

8.6
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concentrations had no effect on activity, although PGF2a caused a

significant elevation in enzyme activity at concentrations above lOpg/ml.

5. At ejaculation, acrosomal phospholipase A2 may be inhibited by low

intracellular pH levels, low Ca2+ concentrations and high Zn2+ levels.

6. There was no indication of a semen PLA2 inhibitory protein.

7. Polyamines did not affect PLA2 activity, but both spermine and

spermidine caused significant increases in PLC activity at levels

normally seen in seminal plasma.

8. The prevalence of PLC stimulators within seminal plasma may mean

that this enzyme both in plasma and associated with spermatozoa may

be activated at ejaculation.

9. The activation of sperm PLC may induce activation of a protein kinase

C within these cells.

10. Activation of protein kinase C by PGF2a may inhibit adenylate cyclase

function in a manner similar to that described for luteolysis. This may

partially explain the inhibitory effects of this prostaglandin on sperm

motility.

11. The exact role of protein kinase C activation is not clear, although its

inhibition may decrease the ability of the sperm to undergo both

capacitation and the acrosome reaction.
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POTENTIAL IMMUNOSUPPRESSIVE FACTORS

WITHIN HUMAN SEMINAL PLASMA

9.1 Ontzcfoction
The female reproductive tract does not have a privileged immune

status, and entry of antigenic substances or cells into the tract will induce

a normal immune response. Sperm are not excluded from the list of

antigenic cells, as artificial insemination of spermatozoa induces cervical

leukocytosis (Pandya and Cohen, 1985), and macrophage mediated

phagocytosis of spermatozoa has been observed (Austin, I960; Moyer et al.,

1970).

It has been established for some time the seminal plasma of many

species has the capacity to protect spermatozoa within the female

reproductive tract (Stites and Erickson, 1975; Lord et al., 1977), and work

from a large number of laboratories has indicated that seminal fluid can

inhibit the activities of most of the cell types that participate in immune

responses and host defense (James and Hargreave, 1984; Alexander and

Anderson, 1987).

Experiments have shown that seminal plasma has the capacity to

inhibit the mitogen induced proliferation of T and B lymphocytes (Stites

and Erickson, 1975; Marcus et al., 1979; Anderson and Tarter, 1982; Quayle

et al., 1987), impair the ability of macrophages and polymorphonuclear

leukocytes to recognise target antigens (Witkin et al., 1983), as well as

suppress the phagocytotic capacity of these cells (Brooks et al., 1981;

James et al., 1983). Additional effects of seminal plasma have been observed

on the functioning of natural killer and cytotoxic T cells. Here, their

ability to recognise and destroy tumor and virally infected target cells was

diminished (Lord et al., 1977; James et al., 1983; James and Szymaniec, 1985;

Marcus et al., 1985, 1987; Rees et al., 1986; Vallely and Rees, 1986; Quayle
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et al., 1987).

Several substances known to be present within human seminal plasma

have been identified as having some immunosuppressive capacity, although

at present, no single component has been definitely allocated this function.

Initially, the immunosuppressive factor was thought to be a heat

stable, high molecular weight (>200 000 daltons) component (Lord et al.,

1977; Marcus et al., 1977), and proteins have been identified in human seminal

plasma which possess some suppressive capacity (Bischof et al., 1983). Low

molecular weight seminal components also possess immunosuppressive

properties. These include zinc (Stankova et al., 1976; Chvapil et al., 1977;

James et al., 1983), the polyamines, spermine and spermidine (Williams-

Ashman and Lockwood, 1970; Byrd et al., 1977), or their oxidised products

(Labib and Tomasi, 1981; Allen and Roberts, 1986), and prostaglandins,

including PGE (Goto et al., 1983; Lieb and Karmali, 1985) and 19-OH PGE

(Tarter et al., 1986).

Identification of factors with immunosuppressive capacity in vivo has

proven difficult; however, recent evidence suggests that PGE2 introduced

into the anus of rhesus monekys is readily absorbed from the gut

(Alexander et al., 1986), and when introduced rectally into male, but not

female rats causes a reduction in the blastogenic response of peripheral

blood mononuclear cells to phytohemagglutinin (Kuno et al., 1986).

The aim of the chapter was to identify potential immunosuppressive

substances in human seminal plasma and to determine whether suppression

was caused by one or more factors. Inhibition of reactive oxygen species

production from naturally occurring activated peritoneal macrophages was

used to assess immunosuppressive capacity. Macrophages were identified as

an ideal cell type for experimentation, as these cells are known to have a
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major role in the immune response, both as essential accessory cells, and

as regulatory cells that can either enhance or suppress immune reactions

(Nelson, 1981; Unanue and Allen, 1987). Additionally, their ability to

adversely affect spermatozoa has been recognised in that macrophage

incubated medium reduced sperm motility (Hill et al, 1987) and also their

ability to penetrate denuded hamster oocytes (Chacho et al., 1987).

9.3.1 Seminal plasma assay

Naturally occurring populations of macrophages were obtained by

washing out the peritoneal cavity of rats with 5mls of EMEM. The

washings were centrifuged at SOOg for 15 minutes, after which the cell

pellet was resuspended in lOmls of EMEM. Macrophages were identified by

their ability to ingest coated latex beads (Sigma). Typically, 0.5 x 106 cells

were used in each 0.5ml incubation.

Semen samples were obtained from 8 healthy individuals. Following

spontaneous liquifaction, the semen was centrifuged at SOOg for 15 minutes

to separate out spermatozoa. A 25^1 aliquot from each seminal plasma

sample was then added to the 0.5ml of macrophage suspension, contained

in a cuvette, and the cuvette vortexed. To this, 50^1 of a lmg/ml solution

of zymosan (Sigma) followed by 5^1 of luminol (lOpM final concentration)

were added. Production of reactive oxygen species was monitored using a

Berthold Luminometer for a period of 10 seconds every 10 minutes.

Experiments were carried out over a period of 1 hour.

In addition to the assay of the whole seminal plasma, 1ml of each

sample was applied to pre treated Ct8 sep pak column (Waters-Millipore).

The eluting aqueous fraction was collected, and stored on ice until assayed.

Following a wash with 1ml of distilled water, the lipid fraction bound to

9.3
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the column was removed in 2mls of methanol. The methanol was then

dried down under nitrogen, and this fraction resuspended to 1ml in EMEM

buffer. A 25^1 aliquot of each of these fractions was then assayed as

described for the whole seminal plasma. The remaining seminal plasma was

extracted using a sep pak column as previously described, and the aqueous

filtrate collected. This was then dialysed against distilled water overnight.

An aliquot of the resulting dialysate was then added to the macrophage

assay so that a 5% (of original volume) solution was produced.

9.3.2 £{j{,ects erf prostaglandins and 2inc

Ethanol solutions of prostaglandin were dried down in the bottom of

the luminometer cuvettes. The prostaglandin was then resuspended in assay

buffer, and macrophages added to give a final concentration of 0.5 x 106/

0.5ml. The assay was carried out as described previously, although for

these experiments, free oxygen radical production was monitored every 5

minutes. Similar expermients were carried out using a range of zinc sulphate

(BDH) from 1 to lOO^M.

The results from 2 quadruplicate experiments were pooled, and

differences from control values assessed using T-tests.

The overall results for the effects of human seminal plasma on the

production of reactive species by rat peritoneal macrophages can be seen

in Figure 9.1. This graph shows the mean results (- SEM) of all 8 samples.

It is clear that even at a 5% dilution, seminal plasma inhibits the release

of reactive oxygen species from zymosan activated macrophages. This

confirms previous similar findings (James et a/., 1983).

When the overall results for the methanol and aqueous sep pak

fractions of the same 8 samples were examined (Figure 9.2), most of the



^iquze 9.1 Effects of a 5% seminal plasma dilution on the zymosan induced

free oxygen radical production of rat peritoneal macrophages.

Jiquie 9.2 Effects of the aqueous sep pak filtrate and methanol fraction
of seminal plasma (equivalent to 5% dilutions of seminal

plasma) on the zymosan induced free oxygen radical

production of rat peritoneal macrophages.

^iqute 9.3 Effects of a dialysed aqueous sep pak filtrate on the zymosan

induced free oxygen radical production of rat peritoneal

macrophages.
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Figure 9.1
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inhibitory activity could be found in the aqueous fraction. Indeed, the

inhibitory capacity of the filtrate was not significantly different from the

diluted seminal plasma. Dialysing the aqueous fractions reduced but did

not abolish their immunosuppressant capacity with respect to the original

filtrate.

The lipid containing fraction decreased the production of reactive

oxygen species over the first 30 minutes of the experiment (p <0.05) although

following this, no significant difference from control values could be

detected. This fraction contained the seminal prostaglandins.

Within the individual samples, considerable differences in the inhibitory

capacity of 5% seminal plasma and the two respective sep pak fractions

could be detected. In 5 out of the 8 samples, the majority of the

macrophage inhibiting capacity could be detected in the aqueous filtrate,

although the methanol fraction did have a slight inhibitory capacity. In 2

samples, however, the aqueous fraction significantly stimulated the free

oxygen radical burst by the macrophages, while the methanol fraction

inhibited this cellular activity. For these samples, the degree of inhibition

for the methanol fraction was not as great as that seen for the equivalent

5% dilution of the full seminal plasma, suggesting that the overall

immunosuppressive activity was dependent on an interaction between

components from both fractions. This was seen clearly for the remaining

sample where the inhibitory capacity of both aqueous and methanol fractions

combined, equalled the inhibitory capacity of the diluted seminal plasma.

Effects of individual prostaglandins on macrophage activation can be

seen in Figures 9.4 - 9.7. All prostaglandins tested stimulated macrophage

reactive oxygen species production with respect to the control incubations

(p <0.01). PGE2 and PGF2oc, however, (Figures 9.6 and 9.7) induced a biphasic

time dependent effect. Stimulation of macrophage free oxygen radical

production was observed over the first 30 minutes, but following this.

I



Effects of 1, 10 and lOOpg/ml of PGEj on the release of

reactive oxygen species from rat peritoneal macrophages.

9.5 Effects of 1, 10 and 100ng/ml of 19-OH PGE on the release of

reactive oxygen species from rat peritoneal macrophages.
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Figure 9.4
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production was significantly reduced with respect to controls (p <0.01).

With higher concentration of these prostaglandins (10 and lOOpg/ml), the

biphasic effect was abolished. At these levels, the prostaglandins inhibited

macrophage activity over the first 30 minutes. Over the next half an hour,

however, significant differences from control levels could be detected.

PGEt and 19-OH PGE showed slightly different effects on macrophage

free oxygen radical production in comparison to those demonstrated on

incubation with to PGE2 and PGF2a. At concentrations of 10 and 100pg/ml,

PGEj inhibited reactive oxygen species production, but a significant reduction

was not seen over the first 15 minutes. Following this, however, macrophage

activation was suppressed (p <0.05). 19-OH PGE at lOpg/ml stimulated

reactive oxygen species production after an interval of 15 and 20 minutes,

but following this, no significant difference from control levels was seen.

At lOOpg/ml, a similar inhibitory pattern to that seen for PGEt was

demonstrated.

One possibility as to the inhibitory component present in the aqueous

fraction of seminal plasma was zinc. The effects of 1, 10, and 100pM zinc

on free oxygen radical production by activated macrophages are shown in

Figure 9.0. Both 1 and lOpM Zn2+ significantly increased the output of

reactive oxygen species (p <0.01) with respect to the control over the hour

tested. At a concentration of lOOpM, however, the free radical production

of the macrophages was completely inhibited.

9.5 Ccnclusions

The fact that sperm are immunogenic, and may elicit a leukocytic

reaction in the female reproductive tract has recently been described (Pandya

and Cohen, 1985). As spermatozoa are known to be able to exist in the

cervical mucus of the human for several days after insemination (Hanson

et aJ., 1982), interaction between spermatozoa and host immune cells seems



^Lqute 9.6 Effects of 1, 10 and lOOpg/ml PGE2 on the release of reactive

oxygen species from rat peritoneal macrophages.

<r^f-Lqu'ie 9.7 Effects of 1, 10 and 100pg/ml of PGF2a on the release of

reactive oxygen species from rat peritoneal macrophages.
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Figure 9.6
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likely. Evidence suggests that incubation of spermatozoa with macrophage

exudates can both decrease motility (Hill et aJ., 1987), reduce their hamster

egg penetrating capacity (Chacho et at., 1987), and phagocytose whole cells

(Austin, I960; Moyer et a7., 1970), and consequently the inhibition of the

activity of these cells would be advantageous if the sperm are going to

have any chance of fertilizing the oocyte.

The ability of human seminal plasma to suppress most of the cell

types of the immune system has been established for some years (James

and Hargreave, 1984; Alexander and Anderson, 1987), although as yet no

clear picture has emerged as to which seminal plasma factors are actively

immunogenic, and on which cells they are most likely to be effective. In

agreement with previous studies (James et al., 1983), a 5% dilution of human

seminal plasma inhibited the respiration burst and the subsequent production

of free oxygen radicals from macrophages. The production of reactive

oxygen species has been implicated in the microbicidal and tumoricidal

activity of these cells (Nathan, 1982), and the inhibition by seminal plasma

may indicate the immunosuppressive effect at this cellular level.

For the majority of samples, the inhibitory factor within the seminal

plasma could be found predominantly in the aqueous fraction obtained

after application to a reverse phase column. This fraction should contain

low molecular weight polar substances such as the polyamines in addition

to the seminal plasma ions including zinc. Proteins may also pass straight

through the column, although the reduction in inhibitory activity seen on

dialysis would exclude these components from being the main

immunosuppressive substances.

In these experiments, the immunosuppressive effects of zinc, but not

the polyamines, were examined. Low levels (1-lO^tM) of Zn2+ stimulated free

oxygen radical production by macrophages, while a concentration of 100(iM

completely inhibited cellular activation. Zinc is known to be present in



^f-iquxe 9.8 Effects of 1, 10 and lOOpM Zn2+ on the release of reactive

oxygen species from rat peritoneal macrophages.



Figure 9.8

Time (Minutes)
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high concentrations in seminal plasma (for references see Chapters 7 and

8), although most of this would be complexed to other seminal components.

An ionic concentration of between 10-100pM may occur, and at these levels

would be a potent suppressive factor.

The lipid extract from the seminal plasma containing the prostaglandins

also inhibited macrophage activation, although to a lesser extent than the

aqueous filtrate. Pure prostaglandins also inhibited macrophage function.

Inhibition occurred at a concentration of lOpg/ml for all prostaglandins

except 19-OH PGE which did not reduce macrophage activity until lOOpg/ml

was present in the incubation. This concentration is well within the range

normally seen for 19-OH PGE in human seminal plasma (see Chapter 3),

although it seems likely that the effects of PGEj, PGE2, and especially

PGF2a at lOOpg/ml are supraphysiological.

The exact mechanism of action of the prostaglandins on macrophage

function is not clear at present, although lysosomal hydrolase release,

locomotion and phagocytosis are known to be inhibited by PGE (Bonta and

Adolfs, 1983). This effect is mediated by a cytosolic increase in cAMP,

although the concentrations of prostaglandins used by Bonta and Adolfs

(at 1.2 x 10-8M) were far lower than those described in this chapter.

Equally possible is an inhibition of macrophage phospholipases of lysomal

origin.

Work by both James et aJ. (1983), and Lieb and Karmali (1985) indicated

that the immunosuppressive ability of seminal plasma was due to the

presence of several factors. Certainly, evidence from some of the samples

in this study suggests that this may be the cause. For these individuals, the

inhibitory capacity of either the aqueous or the methanol fractions alone

did not always produce the same inhibition as an equivalent dilution of

whole seminal plasma. One possible mechanism of interaction is for the

prostaglandins to act as zinc ionophores, a situation previously described
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for calcium (Kirtland and Baum, 1972; Carsten and Miller, 1976).

The ability of seminal plasma to compromise the immune system of

the female so that spermatozoa may exist in the female reproductive tract

long enough for fertilization to take place also means that the female

tract is susceptible to the transmission of sexually related bacteria and

viruses. As well as protecting infectious organisms from immune destruction,

and providing an ideal medium for disease transmission, seminal plasma, by

way of its immunosuppressive capacity may promote the growth of

malignancies in the female tract. Cervical cancer, for example, seems to be

more prevalent in females with a large number of different partners. As

the cancer may be initiated by viral action (Nahmias et a/., 1974; Rees et

al., 1986) then the presence of seminal immunosuppressence would only act

to aid tumor growth.

A similar situation exists for the male reproductive tract, and it has

been suggested that the immunosuppressive capacity of seminal plasma has

been a major factor in the development of acquired immune deficiency

syndrome (AIDS) in male homosexuals (James et al., 1983; Kalish et al.,

1984; Saxena et al., 1985; Turner et al., 1987). Here, prostaglandins have

been implicated as the potential immunosuppressive factor, as PGE2

administered via anus to male, but not female rats significantly reduced

T-cell responses.

On a more positive note, addition of prostaglandins to washed human

sperm which are to be artificially inseminated may allow the presence of a

greater number of sperm further up the female reproductive tract without

hinderance from host defense cells. Additionally, if you can stimulate

motility as well as induce the onset of the acrosome reaction in these

sperm (see previous Chapters) then the chances of fertilization would be

greatly increased. Only further experimentation will tell whether benefits

of this nature will be attained.
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g.6

1. A 5% dilution of human seminal plasma inhibited the respiration burst,

and the subsequent production of free oxygen radicals by peritoneal

macrophages.

2. The inhibitory factor could be found predominantly in the aqueous

filtrate following sep pak treatment of seminal plasma. The inhibitory

capacity of this fraction decreased following dialysis suggesting

suppression by a low molecular weight substance. Experiments

suggested that this low molecular weight factor may be zinc.

3. The prostaglandin containing fraction of seminal plasma also inhibited

macrophage activation, but to a lesser degree than that seen in the

filtrate. Pure prostaglandin preparations could also inhibit the reactive

oxygen species production of macrophages.

4. The immunosuppressive capacity of seminal plasma in some instances

may depend upon the presence of more than one factor.

5. Seminal immunosuppression may be important to fertility as well as to

the transmission of sexually related diseases.



Chaptei 10

PROSTAGLANDINS AND INFERTILITY
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PROSTAGLANDINS AND INFERTILITY

<10.1 Ontzcducticn
The high concentrations of prostaglandins seen in seminal plasma

have led many groups to suggest a major role for these compounds in

human fertility. With the potential effects these substances have on uterine

contractility, sperm motility and the suppression of the immune response,

this seems a very logical suggestion. Several reports have claimed, however,

that low prostaglandin levels may be correlated with unexplained infertility

when compared with data obtained from fertile marriages (Hawkins, 1968;

Bygdeman et at., 1970; I to and Katayama, 1971; Brummer and Gillespie, 1972;

Collier et aJ., 1975; Svanborg et aJ., 1982). Generally, reductions in both

PGE and 19-OH PGE levels were seen in infertile samples.

One argument against the possiblity that prostaglandin levels may be

correlated with infertility is that the normal range for seminal

prostaglandins is great. This situation is similar to that which was

encountered when trying to correlate the seminal prostaglandin levels with

motility. A proportion of the normal male population could have

prostaglandin levels which would normally be associated with infertility. In

this situation, large numbers of infertile and normal men would have to be

examined before significant differences between the groups would be

detected (Templeton et al., 1978). Recently, however, Svanborg and his

coworkers (1982) have disputed the fact that such large ranges of

prostaglandins occur, and suggest that the disparity observed between the

prostaglandin E levels of fertile and infertile samples may reflect functional

disorders.

10.2

The aim of this chapter was to examine any differences between
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either the semen parameters, seminal plasma prostaglandin levels or ratios,

and phospholipase levels in a group of fertile men and compare this with

one comprising men with unexplained infertility.

The samples comprising study A described in Chapter 5 were classified

into fertile and infertile using the criteria of Templeton and Mortimer

(1980). Following examination of the semen parameters, only those samples

with >20 x 106 sperm/ml and > 40% motility were retained for analysis. The

percentage morphology was not assessed for these samples. Total protein

in the seminal plasma was assayed using the method described in Chapter

2, while phospholipase activity was assayed using the method described in

Chapter 8. Between group deviations for all parameters were analysed

using multiple analysis of variance.

Comparison of the semen parameters, individual prostaglandin levels

as well as the prostaglandin ratios for both the fertile group and the

unexplained infertility group can be seen in Table 10.1. Statistical analysis

could demonstrate no significant differences between groups for any

parameter tested. Additionally, if the ranges for each parameter were

examined, these were similar for both groups.

When the results for the fertile group in this study are compared

with those from previous studies (Table 10.2), the mean prostaglandin

concentrations are roughly comparable. PGE levels are higher than those

quoted in the paper of Svanborg et aJ., 1982, but are still lower than the

levels quoted by other groups (Perry and Desiderio, 1977 - and see Table

40.3 /i/tatezials and fteMs

3.1).

Templeton et aJ., 1978 suggested that the spread of prostaglandin
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FERTILE

(Mean £ sem)

INFERTILE

(Mean £ sem)
PROB.

VOLUME (ml) 2.9 t 0.4

(1.2-7.5)

3.9 £ 0.5

(0.6-4.5)

NS

DENSITY (106/ml) 81.7 £ 6.6

(48.0-121.0)

100.4 £ 28.0

(20.0-326.0)

NS

X MOTILITY 63.2 £ 1.9

(52.0-82.0)

60.5 £ 2.3

(54.0-75.0)

NS

19-OH PGE (txg/ml) 302.2 £ 32.8

(101.0-SS6.0)

316.0 £ 48.9

(10S.0-639.0)

NS

PGE ((ig/ml) 96.S £ 12.3

(23.0-193.0)

127.0 £ 13.5

(65.0-211.0)

NS

19-OH PGF ((xg/ml) 18.8 £ 3.1

(4.9-44.4)

21.5 £ 5.2

(5.7-60.3)

NS

PGF (^g/ml) 3.4 £ 0.7

(0.7-10.4)

5.7 £ 2.2

(1.7-24.4)

NS

TOTAL E (tig/ml) 348.7 £ 38.5

(124.0-624.0)

443.0 £ 47.3

(252.0-752.0)

NS

TOTAL F <ng/ml) 22.2 £ 3.6

(5.6-53.2)

27.1 £ 5.3

(7.4-67.0)

NS

19-OH PGE/PGE 3.7 £ O.S
.

(1.6-8.6)

2.8 £ 0.5

(0.7-5.7)

NS

19-OH PGF/PGF 6.9 £ 1.1

(2.5-17.6)

6.5 £ l.S

(0.4-15.6)

NS

19-OH PGE/19-OH PGF 19.3 £ 2.3

(8.9-40.0)

23.O £ 5.0

(1.7-S0.2)

NS

PGE/PGF 37.3 £ S.3

(8.8-86.2)

37.4 £ 6.3

(8.6-63.1)

NS

TOTAL E/TOTAL F 21.7 £ 2.6

(8.9-46.4)

22.1 £ 4.1

(3.8-47.4)

NS

Table 10.1 Semen characteristics, seminal prostaglandin levels and
ratios in normal fertile samples (n=l6) and samples with

unexplained infertility (n=lO).
Mean - SEM with range in brackets.



Jiqute 10.1 Levels of PLC activity measured in seminal plasma of a group

of men with proven fertility (n=l6), and a group of men with

unexplained infertility (n=lO)



Figure 10.1

** = p < O.Ol

Relationship between seminal plasma PLC concentration
and fertility.
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A A B
INFERTILE FERTILE FERTILE

PGE 43
(7-117)

62
(1S-144)

73
(2-272)

19-OH PGE 260
(113-427)

326
(155-638)

267
(53-1094)

PGF 2.6
(1.4-4.8)

2.8
(1.0-5.3)

2.1
(0.1-7.0)

19-OH PGF 17.0
(9.4-34.1)

14.9
(7.0-20.6)

18.3
(3.0-62.0)

'Table 10.2 Prostaglandin levels (mean) and ranges -
taken from A = Svanborg et al., 1982;

B = Templeton et al., 1978.

levels found in fertile samples would necessitate the collection of large

numbers of individual measurements in order that significant differences

could be detected for infertile samples. Unfortunately, the total number of

samples examined for this study was not large (fertile n=16; infertile n=lO),

but was roughly equivalent to the numbers used by Svanborg and his

group (1982), when they detected prostaglandin differences in infertile

patients (fertile n = 8-10 depending on prostaglandin measured; infertile

n = ll—19 depending on prostaglandin measured).

The range for PGEj levels in the fertile group in this study (23-193)

overlaps that quoted by Svanborg et al. (1982) for his fertile group (15-144).

In this case, the spread of values was not as large as that described by

Templeton et al. (1978) for the same prostaglandin. Similarly, the range for 19-OH

PGE in the fertile samples (101-556) compares well with that measured in

Svanborg's group (155-638). Again, the range observed by Templeton's group

has not been matched. Even with these equivalent ranges for the

measurements of PGE and 19-OH PGE, the differences detected by

Svanborg's group between fertile and infertile samples could not be

reproduced.

Like the semen parameters and prostaglandin levels, neither the protein
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concentration, nor the PLA2 activity within the seminal plasma differed

between the fertile and infertile groups. In fact, out of all of the

parameters measured, the only significant difference was observed when

seminal plasma PLC activities were compared for both groups (Figure 10.1).

The mean PLC level in the fertile group was 4.32nmoles/mg/min, while

that seen in the infertile group was 2.56nmoles/mg/min (p <0.01).

10.5 Conclusions

The results described in this study suggest that neither the individual

prostaglandin levels, nor their ratios in normal fertile samples differ

significantly when compared with results obtained from a group of patients

with unexplained infertility. Significance was only attained when the levels

of seminal plasma PLC activity were compared for both groups.

The results described in Chapter 8 of this thesis suggested that

semen PLC activity may be stimulated by several substances known to be

present in human seminal plasma. Activation would induce the production

of the intracellular second messengers diacylglycerol and inositol phosphate.

As a result of the production of these messengers, sperm protein kinase C

would be stimulated. While the exact function of protein kinase C is

unknown, its inhibition reduces the ability of spermatozoa to undergo

capacitation and the acrosome reaction (Lee et al., 1987). It may be possible

then that exposure of human spermatozoa to high levels of active PLC at

ejaculation is required for the acquisition of full fertilizing capacity.

1. Neither the individual seminal prostaglandin levels nor their ratios were

found to be significantly different when samples obtained from a group

of men with proven fertility were compared with a group with

unexplained infertility.
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2. The only difference observed between these groups was in the levels of

active phospholipase C in the seminal plasma.

3. Exposure of ejaculated human spermatozoa to high levels of active PLC

may be required for sperm capacitation and the acrosome reaction.

Over 50 years have now passed since the initial discovery of

prostaglandins in human semen. During these years it is more than likely

that hundreds of scientists in as many laboratories have attempted, through

experimentation, to establish some kind of physiological function for these

compounds.

The work described in this thesis has been concerned mainly with

possible effects prostaglandins may have on spermatozoa. Spermatozoa are

incapable of synthesising prostaglandins de novo and are therefore dependent

on exogenous sources in order to stimulate physiological responses. One

such source is the seminal plasma, and human sperm Eire exposed to high

levels of prostaglandin at ejaculation.

Prostaglandins bind to specific sites on the sperm plasma membrane,

an event which may induce changes in sperm function. Evidence in this

thesis suggests that sperm motility is under prostaglandin control. Good

sperm motility (>50%) appears to be correlated predominantly with a high

PGE: PGF ratio. Within the seminal plasma, absolute levels may be of little

importance, as reduction of all seminal prostaglandin concentrations

following administration of non-steroidal anti-inflammatory drugs had no

effect on the overall sperm movement parameters. Significantly, however,

PGE: PGF ratios remained high throughout the course of drug treatment.

Concerning the mechanisms of action of the prostaglandins on motility,

PGE appears to act via a stimulation in intracellular cAMP levels. Increases

in motility brought about by elevated cyclic nucleotide levels stimulate
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sperm motility, at least partially by the phosphorylation of tubulin. This

increase in motility is reflected in parallel elevations in sperm fructolysis.

PGF2a inhibits sperm fructolysis and sperm motility although the exact

mechanism of action is unclear. The obvious mechanism would be to

antagonise the actions of PGE and reduce sperm cAMP levels, but

unfortunately, recent published experiments on this subject (Aitken et aJ.,

1986) failed to find such a decrease. All prostaglandins inhibited oxidative

phosphorylation, possibly via a calcium dependent mechanism. The effects

of prostaglandins on motility suggest that sperm samples with poor motility

may be made more motile either by washing free of seminal plasma,

incubating with PGE, or both.

Phospholipase A2 is present in human seminal plasma, and may be

released along with the prostaglandin from the seminal vesicles. This

enzyme can also be detected in the spermatozoa of several species and

may be important for the acrosome reaction. Both sperm and seminal

plasma enzymes must be inhibited at ejaculation in order that loss of

motility or induction of premature acrosome reactions be prevented. Several

mechanisms may be available at ejaculation to inhibit both sperm and

seminal plasma PLA2, although an interaction between Ca2+ and Zn2+ ions

seems the most likely.

One of the most intriguing results to come out of the work in this

thesis is the capacity of several seminal plasma factors to stimulate

phospholipase C (PLC) activity. This enzyme, like PLA2, has been identified

in both seminal plasma and spermatozoa. The exact function of activation

remains unclear, although stimulation of protein phosphorylation following

protein kinase C activation seems possible. Activation may be necessary for

the maintenance of motility (in the case of PGE) or perhaps the initiation

of some of the events in capacitation. Interestingly, PGF2a also stimulates

PLC activity at levels which normally occur in seminal plasma. In this



358

case, PGF2oc may inhibit motility via protein kinase C mediated

desensitisation, or inactivation of sperm adenylate cyclase. This mechanism

of action may be analogous to that induced by PGF2ot during luteolysis.

Prolonged exposure to this prostaglandin may irreversibly inhibit sperm

motility via the induction of domains of gel-like lipid in the membrane.

The production of such lateral phase separations may be caused by a

simultaneous stimulation of both PLC and PLA2.

Phospholipase C may also be involved in some way in cases of

unexplained infertility. Here, the seminal plasma concentrations of this

enzyme were reduced by about 50% in cases of unexplained infertility

when compared to normal fertile samples. Exact mechanisms of action

here are unknown.

The work described in this thesis has suggested that the major seminal

prostaglandins can have direct effects on spermatozoa. It would be foolish

to suggest that this was the major role for the seminal prostaglandins,

however, as effects upon both the smooth muscle contractility of the

female reproductive tract and suppression of the cellular immune system

cannot be ruled out. Indeed, it is unnecessary to specify a single

physiological role. At ejaculation, for example, the prostaglandins are

potentially capable of: initiating and maintaining a high degree of sperm

motility; inducing site specific contraction and relaxation of the female

reproductive tract, which may act to carry the spermatozoa out of the

vaginal environment and into the cervical mucus; and maintaining the female

tract in an immunologically suppressed state. There is no reason why

prostaglandins may not act on all systems simultaneously. No one system

has more significance than either of the two others. Indeed, if the

mechanisms of any one of these three areas fails, then the fertilizing

capacity of that individual may be severly reduced. Additionally,

prostaglandins are unlikely to be the only sperm stimulators present at
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ejaculation. Similarly, evidence suggests that prostaglandins are not the

only immunosuppressants or mediators of smooth muscle contraction or

relaxation.

In conclusion, prostaglandins are important at ejaculation and the

balance between the major E and F species may be one factor determining

whether certain events take place. It is unlikely that prostaglandins

represent the only modulators of reproductive function, however. The

reproductive process is far too important a series of events to rely too

heavily on the presence or absence of one compound at any one stage.
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