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ABSTRACT 

In order to provide an accurate basis for the correlation of 

1. 

2. 

3o 

4o 

5. 

endocrine changes and phases of the reproductive (and associated) 

cycles in the powan of Loch Lomond, 'Coregonus- lavaretus (L. ), the 

following experiments were carried out, 

Cell types in the pituitary were identified using light micro- 

scopy and transmission electron microscopy. To locate gonadotropic 

cells an immunof luorescence technique was employed using antibody 

prepared in rabbit and an immunodiffusion method to detect the 

presence of antibody in the rabbit serum. 

In order to purify pituitary gonadotropin, two purification 

techniques 'were used. One was alcoholic extraction followed by gel 

filtration on sephadex; the other was buffer extraction followed by 

affinity chromatography on Concanavalin A-sepharose. To characterise 

the fractions from columns, two in vitro bioassays were employed; 

(i) ovulation of the oocytes of medaka (Orvzias latires); (ii) Cyclic 

AMP production in immature trout gonads. 

The concentration of pituitary gonadotropins was measured using 

a heterologous radioi=unoassay technique. 

Using a radioimmunoassay technique, the serum testosterone and 

oestradiol-17P concentrations were determined. 

Serum proteins. were characterised using SDS gel electrophoresis. 
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INTR0DUCT10N- 

1. FISH. 

Three classes of present-day animals are often loosely called "fish". 

They are the Cyclostomata (lampreys and hags), Chondrichthyes (cartilage 

"fish" including sharks, skates and rays)-and the Osteichthyes (bony fish). 

The bony fish comprise four sub-classes, of which three (Brachiopterygii, 

Crossopterygii, and Dipnoi) are represented by only a few species, most 

of them having become extinct. The fourth sub-classl the Actinopterygii 

(ray-finned fish) contains from 209000 to 40,000 species, and may be regarded 

as the "modern fish". 

The subclass Actinopterygii comprises 3 infraclasses. Two archaic 

ones are represented by only a few relict species: (a) Chondrostei 

(sturgeons and paddlefishes) and (b) flolostei (Amia and the garpikes). 

The most modern of Actinopterygian fishes is: (a) Teleostei. Recently 

it has become evident that the teleosts are actually a polyphyletic group, 

with four separate evolutionary lines derived from different holostean 

ancestors (Greenwood et al., 1966). The teleost fish are now therefore 

subdivided into 4 sub-groups ("cohorts"): (a) Clupeiformes (herrings), 

(b) Flopomorpha (eels and tarpons), (c) Osteoglossiformes (bonytongues, 

mormyrids and notopterids), and(d)Euteleostei, the modern teleosts. 

There are very great biological differences between all these taxonomic 

groups, so that, in general it is dangerous to extrapolate results from 

one group to another. This applies mainly to major taxonomic groupings, 

but to some extent also even to those at cohort level. In this project, 

therefore, discussion is restricted only to the Actinopterygiij and (except 

in a few cases) exclusively to the teleosts. 



a=ý 4 
2 

2. REPRODUCTION. 

(A) Diversity of reproductive tactics. 

Even within the teleosts alone, there. has been a huge amount of adaptive 

radiation, and they have exploited almost every type of repruductive device 

seen in animals. Their fundamental method of reproduction is the production 

of large numbers of ova and spermatozoa, which are released simultaneously 

into the water, and then abandoned. The number of ova per spawning fish 

ranges from IWO 
6 

in cod, Gadus morrhua to 25 in kelesa, Scleropages 

formosus (Scott and Fuller, 1976). The fertilised ova may be deposited 

in some form of nest, ranging in couplexity from the "redd" of some salmonids 

to elaborate structures such as the vegetation-type of gasterosteids and 

the floating bubble-nests of anabantids. Parental care in varying degrees 

is widespread, ranging from the simple guarding of ova and young, to mouth- 

brooding and the evolution of body-pouches, as in the hippocarrpids. Ovo- 

viviparity is not uncormnon, as in the poeciliids, and true viviparity has 

also been described. Many species show even more highly specialised reproduc- 

tive adaptations - hermaphroditism (some with self-fertilisation), change 

of sex with age, superfoetation etc. The behavioural adaptations associated 

with reproduction are equally diverse, including notably pre- spawning 

migrations such as those of the anadromous salmonids, and complex social 

behaviour (Liley, 1969). 

The aim of the present study is to contribute to our understanding 

the control of reproduction in teleosts in general, and therefore in this 

project the species chosen for study was one showing simple scattering 

of the gonadal products, without parental care, the female producing about 

3000 ova per spawning, -and with no pre-spawning migration.. 
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(B). Seasonality of reproduction. 

The reproductive cycles of teleost fish, as of other vertebratest 

are usually seasonal, with each stage of the cycle (particularly spawning) 

occurring at a specific tire of year. The majority of teleost species 

are monoestrous, i. e. they have one reproductive cycle per yearg but there 

are exceptions, such as Abudefduf saxatilis, with two main spawning periods 

per year (March to April and July to September) (Graham, 1972), while other 

species apparently spawn throughout the year, such as the Carangidae and 

Lutjanidae (Munro, et al., 1973) and, Brachyraphis episcopy (Turner, 1938). 

Scott (1979) however, has suggested that many species described as poly- 

oestrous are, in fact, monoestrous but with their spawning season so laxly 

defined that it extends over many months - but, not all - of the year. 

In many so-called polyoestrous species a period of the year during which 

no spawning occurs has been described, e. g. in Tilapia from Lake Naivasha 

(Hyder, 1970) and Mormyrus kannume (Scott, 1974). In general, the timing 

of the reproductive cycle is more precise in fish which live in an environ- 

ment which shows extreme seasonal differences - such as freshwater habitats 

in high latitudes - and is least precise in fish which live in an environ- 

ment which shows little season variation - such as marine habitats, and 

in the'tropics (Scott, 1979). The situation is complicated by the fact 

that some species shed all their gonadal products at once (semelparous 

species) while others do so over several sessions (iteroparous species), 

though all the sessions belong in fact to a single "spawning p, eriod". 

It was foreseen that in the measurement of hormones in this study, 

it would probably be necessary to "pool" tissues from several individuals. 

Consequently it would be advantageous to work with a species in which all 
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individuals could be guranteed to be at more or less the same reproductive 

state at any given time of the year. The species chosen for this study 

was therefore one whose reproductive cycle was exceptionally accurately 

timed. 

Control of reproductive cycle 

(i) Environmental. The reproductive cycles of teleosts are timed to 

coordinate with the seasons by the influence of environmental "cues" on 

the basic physiological cycle. Changes in photoperiod and temperature 

are widely accepted as being of primary importance in teleosts inhabiting 

temperate to cold latitudes. The relative importance of these two factors 

varies from species to species We Vlaming, 1972), and other environmental 

factors may be involved, such as the presence of vegetation (Stacey ýýt 

al., 1979b), rainy seasons and water flow (Payne, 1975), light intensity 

(Hyder, 1970), and lunar or tidal phases (Scott, 1979). In very many cases, 

though, the correlation between cue and effect has not been stringently 

tested. 

(ii) Physiological. The environmental cues which influence the rate and 

the timing of the reproductive processes in teleosts do so through the 

nervous-neuroendocrine-endocrine system: ý of the brain-pineal- pituitary- 

gonad axis. 

(a) Brain-pineal axis. The pineal is-thought to be involved in the process 

of reproduction in teleosts (de Vlaming, 1975; Vodicnik et al., 1978). 

Pineal influence on gonadal activity is thought to be mediated via the 

hypothalamus and pituitary (de Vlaming and Vodicnik, 1977). It has been 

demonstrated that the pineal can have stimulatory or-inhibitory effects 

4 
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on gonadal development depending on the photoperiod and temperature regime 

to which the fish is exposed (Fenwick, 1970a; Urasaki, 1973; de Vlaming 

1975; Vodicnik et al., 1978). Fenwick (1970b) showed the presence of 

melatonin in the pineal, and de Vlaming et al (1974) demonstrated that 

melatonin inhibits gonadal development in fish kept under long photoperiod. 

It is thought that melatonin inhibits gonadotropin release vi4 the hypo- 

thalamus. However, there is much dispute as to the exact role of the pineal 

in teleosts, and whether it exerts its effects via melatonin or peptide 

hormones. Consequently it was decided that until these matters had been 

inore clearly understood, there would be no point in atteapting to monitor 

seasonal changes in the pineal. In this study, therefore, the pineal will 

not be considered further. A study of the pineal in C. lavaretus is in 

progress (O'Connell, in prep. ). - C> 

(b) Brain-pituitary axis. The gonadotropic potential of the teleost 

pituitary is apparently under the control of the hypothal amus, as in other 

vertebrates (Peter, 1970; Breton, et al., 1971). Synthetic and mammalian 

luteinising-hormone-releasing-hormone (LHRH) has been shown to be biologi- 

cally active in a number of teleost species such as carp (Cyprinus carpio) 

(Weil et al., 1975), brown trout (Salmo trutta) (Criia and Cluett, 1974) 

goldfish (Carassius auratus) (Crim et al., 1976), medaka (Oryzias latipes) 

(Chan, 1977), rainbow trout (Salmo gairdneri) (Weil et al., 1978). 

The presence of a gonadotropic releasing factor (GRF) has been demon- 

strated in the. hypothalmfd extracts of goldfish (C. auratus) (Crim et al., 

1976), carp (C. carpio) (Breton et al., 1975a), winter flounder 

(Pseudopleuronectes americanus) (Crim and Evans, 1980). Breton et al., 

(1975a) demonstrated that gonadotropin secretion by carp (C. carpio) 

pituitaries in vitro was increased by extracts of carp hypothalamus. The 
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injection of LH-RH has been'shown to induce ovulation and to stimulate 

the activity of gonadotropic cells in goldfish (C. auratus) (Lam et al., 

1975,1976), and in medaka (0. latipes) (Chan, 1977), and to stimulate 

gonadotropic release in the sexually mature carp (C. carpio) and trout 

(S. trutta) (Weil et al. 10,75,1978; Crim and Cluett, 1974). 

In the present study, no attempt has been made to monitor hypothalamic 

activity. A morpjiological study of the neuroendocrine tissues in the brain rý 

of powan C. lavaretus is available (Hunter, 1978a, ). 

(c) Pituitaryý-gonad axis. The gonads of teleosts are evidently under the 

control of the pituitary gland, and hypophysectomy results in gonadal 

regression (Doddl 1972). Administration of pituitary brei or pituitary 
I 

gonadotropin extract reverse the effects of hypophysectomy (Barr, 1963 

a and b). It has been shown that injection of pituitary gonadotropic 

extract reinitiates spei-matogenesis and induces spermiation in hypophysec- 

tomised goldfish (C. auratus) (Yamazaki and Donaldson, 1968b) and in catfish 

(H. fossilis) (Nayyer et al., 1976; Sundararaj et al., 1971). In hypophy- 

sectomised females the injection of pituitary gonadotropic extract stimulates 

growth and maturation of the ovary as in goldfish (C. auratus) (Yamazaki 

and Donaldson, 1968b), guppy (Poecilia reticulata) (Liley and Donaldson, 

1969), catfish (H. fossilis) (Sundararaj et al., 1972) medaka (0. latipes) 

(Iwamatsu, 1978a). 

It has been shown that hypophysectomy causes degeneration of yolky 

oocytes, and tLt injection of pituitary gonadotropic extract reinitiates 

yolk deposition (vitellogenesis), as in winter flounder (P. americanus) 

(Campbell and Idler, 1976; N- et al., 1980), -catfish (H. fossilis) %; a - 
(Sundardraj et al., 1972; Sundararaj-et al*, 1982), goldfish (C. auratus) 

(Burzavia-Gerard, 1974). 
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The involvement of pituitary gonadotropin in the process of oocyte 

maturation and ovulation have also been shown using in vitro techniques 

(Hirose and Donaldson, 1972; Goswami et al., 1974;, Jalabert, 1976; Iwamatsu, 

1978a; Campbell, 1978), and it has been suggested that pituitary gonado- 

tropin controls the final stages of oocyte maturation via steroid hormones 

which are produced by the ovary (Colombo et al., 1973,1978; Jalabert, 

1976; Iwamatsu, 1978b; Goetz and Theofan 1979; Tesone and Charreau, 1980). 

However in catfish (H. fossilis) pituitary gonadotropin is thought to 
, 

stimulate the interrenal gland to produce corticosteroids (especially desoxy- 

corticosterone) which in turn act on the oocytes to induce maturation 

(Sundararaj and Goswami, 1977). 

An ovulatory surge of gonadotropin in goldfish (C. auratus) (Breton 
, 

et al., 1972; Stacey et al., 1979a) and an increase in the serum gonado- 

tropin in salmon undergoing ovulation and spawning (Crim et al., 1975), 

suggest that the final stages of oocyte maturation and ovulation are 

triggered by a surge in the secretion of gonadotropin from pituitary. 

PITUITARY GONADOTROPIN(S). 

It has been suggested that two kinds of gonadotropin exist in the teleost 

pituitary: a, high carbohydrate content (maturational) gonadotropin 

"con A III', and a low carbohydrate content (vitellogenic) gonadotropin 

"con A I", (Idler et al., 1975c; Idler and Ng, 1979; Ng and Idler, 1979). 

Cambell and Idler (1976) and Campbell (1978) using both in vivo and in 

vitro experimefts demonstrated that "con AP fraction was able to stimulate 

vitellogenin incorporation into the oocytes. The synthesis and secretion 

of vitellogenin by the liver is thought to be under the control of oestradiol 

(Campbell and ýOlerv-197-6; Emerson and Emerson,., 
-1976), 

which is produced 
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by the ovary under the infuence of gonadotropin (Upadhyay et al., 1978; 

Bromage et al, 1982). It has been demonstrated that maturational gonado- 

tropin "con A III' is involved in the stimulation of the first step of 

vitellogenesis i. e. production of oestrogen and vitellogenin (Ng et al., 

1980; Campbell and Idler, 1979), and vitellogenic gonadotropin "con A I" 

requires the presence of oestrogen in order to incorporate vitellogenin 

into oocytes (Ng et al., 1980). Maturational gonadotropin "con A III' apart 

from being involv ed in oocyte maturation and ovulation, is also involved 

in initiation of androgen production (Ng and Idler, 1980) and induction 

of spermiation (Idler and Ng, 1979). However the controversy over the 

number of gonadotropin(s) in teleosts still remains open. 

The levels of gonadotropin(s) in the pituitary and blood change during 

the reproductive cycle. The development of specific and sensitive techniques 

such as radioimmunoassays and comparative protein binding assays (review: 

Abraham, 1974; Crim et al., 1973; Breton et al., 1971) has made it possible 

to determine hormone levels not only in endocrine tissues but also in the 

circulation of fish at various stages of the reproductive cycle. 

Pituitary and plasma gonadotropin(s) concentrations have been measured 

in a number of fish species, and it has been reported that the levels of 

gonadotropin(s) fluctuate during the reproductive cycle reaching a peak 

at the time of spawning (Crim et al., 1975; Crim. and Evans, 1978; Fostier 

et al. 1978). 

In the present studyl an attempt has been made to identify the 

gonadotropic hormone(s) in the powan of Loch Lomond and to monitor seasonal 

changes in the gonadotropic potency of the pituitary in relation to the 

reproductive cycle. -- 
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GONADAL STEROIDS. 

The main sites of steroid hormoneý production in teleosts, as in other 

vertebrates, are the gonads (Boar, 1969; Guraya, 1976a, b). In the testis 

the main sites of steroid synthesis are the interstitial Leydig cells 

(Nicholls and Graham, 1972; Gresik et al., 1973; Hoar and Nagahamal 1978; 

van den Hurk et al., 1978), and in the ovaries the theca cells are the 

main sites of steroid production (Bara, 1965; Nicholls and ftle, 1972; 

Nagahama et al., 1976; Hoar and Nagahama, 1978). 

In teleosts the levels of steroid hormones in blood reflect the cycle 

of gonadal activities. It has been demonstrated that oestrogen levels 

increase with maturation of ovaries in the rainbow trout (S. gairdneri) 

(Whitehead et al., 1978; Scott et al., 1980b). The rise in the levels 

of circulating sex steroid hormones during the gonadal development, reaching 

a peak prior to or at spawning, followed by sharp decline, has been reported 

in a variety of fish species; these include: Atlantic salmon (Salmo salar) 

(Idler et al., 1971), winter flounder (P. americanus) (Campbell et al., 

1976), plaice (P. platessa) (Wingfield and Grimm, 1977), rainbow trout 

(Salmo gairdneri) (Scott et al., 1980 a, b), Atlantic salmon (S. salar) 

(Stuart-Kregor et al., 1981; Hunt et al., 1982). 

The aim of this study has been to measure the concentrations of cir- 

culating sex steroids in powan, C. lavaretus, and to investigate the 

relationship between the concentrations of the sex steroids and the reproduc- 

tive state of the fish. 
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AIM OF THE PROJECT. 

Teleost fish have recently increased in importance in the applied 

field of fish-farming (Bardach et al., 1972). To be able to manipulate 

their reproductive processes would be of immense advantage. Many species 

of teleost will not breed in captivity$ and it is necessary to induce 

spawning artificially. The traditional method of inducing spawning is 

hypophysation, i.. e. injection of pituitary extracts (Chaudhuri, 1976; 

Fontaine, 
-1976). 

Nbre recently a variety of substances has been used in 

order to induce spawning, including: mammalian or synthetic LH-RH (Crim 

and Cluett, 1974; Crim et al., 1976; Peter, 1980), clomiphene citrate and 

other antioestrogens (Breton et al., 1975b, Billard and Peter, 1977; Pandey 

et al., 1973), prostaglandins Walabert 1976,1978, Epler and Bieniarz, 

1978; Stacey and Peter, 1978), and corticosteroids and progestogens 

(Jalabert, 1976; Hirose, 1976; Lam et al., 1978; Iwamatsu, 1980). 

In other cases, it would be advantageous to curtail reproductive - 

activity: much of the input energy (food) is converted to inedible gonad 

(15 - 20% in powan), and to avoid this would make feeding "cheaper". In 

other species, notably the tilapias, high reproductive rate leads to over- 

population, and in consequence to reduced growth rate (Scott, 1979). 

In other casesq it would be of advantage to alter the time of 

spawning: e. g. to have fish in a reproductive state throughout the year. 

In summary any information on the factors controlling reproduction 

in teleosts would enable us to manipulate reproductive cycles to suit 

our (fish-farming) requirements. The overall aim of this project is to 

explain some of the endocrine factors which are involved in regulating 

the reproductive cycle of the powan of Loch Lomond. 
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CHAPTER 

BIOLOGY OF P%IAN, Coregonus lavaretus (L. ) 

1. INTRODUCTION 

The whitefish (Coregoninae) form a subfamily of the Salmonidaep 

a relatively primitive group of teleosts, boreal in distribution. In 

cold northern habitats most species are anadromous, spawning in freshwater 

and migrating to the sea. Further south there are many freshwater glacial 

relict populations, in Asia, Europe, and North America. Because of 

divergent evolution in these isolated populations, the taxonomy of the 

coregonines is very confused (Maitland, 1970). 

In the British Isles there are populations of coregonines in Loch 

Eck, Loch Lomond, Lochmaben (probably now extinct), the Lake District, 

Llyn Tegid, Lough Neagh and the Shannon - Loch Erne waterway. 

1.1 Biology of the powan of Loch Lomond 

The largest population of coregonines in Scotland is that in Loch 

Lomond, locally called "powan", Coregonus lavaretus (Linnaeus) or C. 

clupeoides (Lacep'ede) (Plate 1). It was commercially exploited until 

the early years of this century; and again, briefly, during the 1939-1945 

war. It is now totally unexploited, even by anglersq and may be the 

most abundant teleost species in the loch (Slack et al., 1957). 

The biology of the powan of Loch Lomond has been studied by Slack 

et al. (1957); Maitland (1968 a, b); Scott (19751 1979); Fuller et al. 

(1976); Scott and Rennie (1980); Scott et al. (1981). 
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1.2. Physiography of Loch Lomond 

Loch Lomond is the largest lake in Great Britain in terms of surface 

area (71 km 2 ). Its volume (2628 x 10 
6 

1113 ) is exceeded only by Loch 

Ness (7452 x 10 
6 

M3 ). Its length (35 kin) is exceeded only by 

Loch Awe (41 km) and Loch Ness (39 km). Its maximum depth (190 m) is 

exceeded only by Loch Ness (230 m) and Loch fbrar (310 m). The catchment 

area of Loch Lomond is about 780 km 2 (Vaitland, 1981). 

Until about 6000 years ago, Loch Lomond was a sea loch; now its 

surface is about 6m above sea level. As a result of its geological 

history, the loch can now be divided into 3 main regions of differing 

topography, each providing different ecological conditions (Fig. 1. ) 

(1) The northern basin, from Ardlui to Inverbeg-Rowardennan. It is 

narrow, deep and precipitously-sided, especially in the region of the 

old river divides. 

(2) The middle basin, bounded in the north by the shallow bar between 

Inverbeg and Rowardennan, to the southern limit of the region of grits 

and slates, roughly the northern group of islands. The middle basin 

is wider, its maximum depth about 60 m, and it contains several islands 

and offshore gravel banks, where powan spawn. 

The southern basin comprises the rest of the loch, both north 

and south of the highland boundary fault, on sandstone. The loch is 

at its widest here, and very shallow especially around the mouth of 

the River Endrick. The islands of the highland boundary fault lie across 

this basin. 

The main fishing site in this study was at Sallochy Bay in the 

northern end of the middle basin., 



FIGURE 1. 

ýbp of Loch Lomond. 
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2 MATERIALS AND ýETHODS 

2.1. Sample collection 

Powan were caught at approximately-monthly intervals in the Sallochy 

region of Loch Lomond. Benthic gill-nets were used, of 39 mm knot-to-knot 

mesh, and No. 0 nylon thread (Norsenet, Bergen). The nets were consis- 

tently set in the evening and cleared the next day between 1100 and 

1300 hours, to avoid possible diel cyclical physiological effects. 

The depth at which they were set varied at different times of yearg 

generally deeper (15 - 25 m) in winter than in summer (5 - 15 m). 

As soon as the catch was removed'from the nets, the fish were trans- 

ported either to Glasgow University Field Station or (latterly) to 

Ptarmigan Lodge, and processed without delay. 

Standard measurements of each fish were taken (total length, total 

weight, gonad weightl liver weight) and samples of various tissues were 

taken by colleagues. Each fish was identified by an individual number, - 

so that cross-reference to other workers' results could be made later. 

2.2. Definition of terms 
0 

(a) Total length: length to nearest millimetre from anterior end of 

fish to posterior tip of caudal fin. 

(b) Total weight: weight to nearest gram of intact fish with excess 

liquid removed from surface. 

(c) Gonad weight: weight to nearest 10 mg of gonad dissected from body. 

(d) Somatic weight,: total weight minus gonad weight. 

Ad 
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(e) Gonadosomatic index: The ratio of gonad weight to total weiphtj 

expressed as a percentage. 

(f) Somatic condition factor: ratio of somatic weight, multiplied by 

10 to the power 5; to the cube of the total length. 

(g) Hepatosomatic index: ratio of the weight of the liver to the somatic 

weight, as a percentage. 

RESULTS 

From February 1980 to November 1981, a total of 1350 powan were 

caught on the sampling dates indicated in Tables 1 and 2. 
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TABLE 1. 

The gonadosomatic index (GSI) , somatic condition factor (SCF) and 

hepatosomatic index (HSI) of male powan from February 1980 to November 1981. 

Date No. of Fish GSI ± S. D. SCF ± S. D. HSI ± S. D. 

28.2.1980 54 0.829 0.693 0.778 0.035 0.640 0.118 
21 8.. 0.198U 45 0.439 0.232 0.763 0.045 0.661 0.187 
16.4.1980 64 0.409 0.240 0.771 0.047 0.664 0.156 
13.5-1980 32 0.342 0.114 0.722 0.044 0.593 0.144 
25.7-1980 51 0.779 0.286 0.893 0.054 0.785 0.119 
21.8.1980 45 1.419 0.46 0.829 0.038 0.698 0.113 
19.9.1980 17 2.285 0.397 0.790 0.052 0.539 0.077 
25.9-1980 15 2.177 0.421 0.825 0.042 0.548 0.59 
22.11.1980 15 1.892 0.322 0.776 0.049 0.596 0.083 
14.12.80 9 1.712 0.301 0-76o 0.037 0.572 0.061 
21.12.1980 17 1.761 0.328 0.059. 0.047 0.719 0.212 
24.1.1981 65 1.626 0.564 0.760 0.038 0.540 o. 699 

20.2.1981 46 0.995 0.522 0.745Q 0.033 0.665 0.101 
19.3-1981 43 0.578 0.392 0.751 0.047 0.646 0.182 
7.4.1981 21 0.391 0.229 0.738 0.033 0.645 0.181 
21.5-81 29 0.358 0.159 0.748 0.051 0.610 0.156 
6.6.1981 32 0.399 0.269 0.775 0.036 0.760 0.119 
16-7.81 33 0.709 0.474 0.805 0.054 0.866 0.116 
18.8.1981 18 1.333 0.453 0.797 0.034 0.761 0.058 
23.8.1981 12 2.425 0.491 0.828 0.034 0.785 0.086 
24.10.1981 13 2.182 0.631 0.755 0.057 o. 631 0.053 
26.11.1981 55 1.887 0.347 0.77 0.042 o. 649 0.075 
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TABLE 2. 

The gonadosomatic index (GSI), somatic condition factor (SCF) and 

hepatosomatic index (HSI) of female powan from February 1980 to November 

1981. 

No. of f ish GSI t S. D. SCF i S. D. HSI ± S. D. 

28.2.1980 48 1.513 0.362 0.697 0.045 0.899 0.251 
28.3-1980 68 1.198 0.261 0.704 0.053 0.813 0.179 
16.4.1980 32 1.208 0.318 0.690 0.039 0.776 0.095 
16.5.198o 13 1.213 0.295 0.674 o. o4q 0.821 0.238 
25.7-1980 16 2.868 0.604 0.846 0.056 1.047 0.184 
21-8.1980 21 4.678 1.211 0.828 0.039 1.078 0.184 
19.9.1980 15 6.867 1.479 0.785 0.046 1.043 0.203 
25-9.1980 36 1.225 1.225 0.814 0.046 1.043 0.203 
22.11.1980 14 15.063 2.169 0.731 0.034 1.334 0.322 
14.12.1980 10 18.854 1.71 0.699 0.032 1.254 0.371 
21.12.1980 28 18.426 2.378 0.704 0.032 1.216 0-185 
24.1.1981 45 5.064 5.793 0.698 0.043 0.91 0.244 
20.2.1981 20 1.568 0.294 0.664 0.055 0.893 0.208 
19.3-1981 31 1.283 0.320 0.677 0.037 0.701 0.131 
7.4.1981 10 0.923 0.236 0.708 0.029 0.717 0.176 
26.4.1981 9 0.979 0.145 0.676 0.031 0.762 0.243 
21.5-1981 6 1.412 0.197 0.665 0.050 0.740 0.1114 
6.6.1981 24 1.253 0.471 0.741 0.097 0.872 0.147 
19.6.1981 15 1.361 0.634 0.765 0.053 U-915 0.091 
16.7-1981 26 2.192 0.634 0.790 0.063 1.112 0.118 
18.8.1981 13 3.708 1.168 0.801 0.047 1.048 0.109 
23.9-1981 15 7.214 1.922 0.817 0.052 1.273 0.116 
24.1o. 1981 9 12-334 1.693 0.729 0.034 0.513 0.158 
26.11.1981 55 15.681 1.978 0.707 0.045 1.353 0.236 
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Reproductive cycle. The reproductive cycle was assessed by refer- 

ence to the gonadosomatic index. The cyclesof males in 1980 and 1981 

are shown in fig. 2, and of females in these years in fig. 3. Spawning 

began in both years during the last week of December, and the vast 

majority of females had completed spawning by the third week of January. 

(In males the weight of the testis falls much more gradually than that 

of the ovary in females, so that it is difficult to define when spawning 

is complete in týis sex). Gonadosomatic index in both sexes then falls 

progressively as unspawned oocytes and spermatocytes are resorbed from 

the gonads. There is no significant increase in gonadosomatic index 

until midsummer in either sex, thoumh in females oogonia begin to mature 

to pre-vitellogenic oocytes as early as March-April. In males, maximum 

gonadosomatic index is reached by late September, and thereafter falls 

slightly until spawning time. During these final 3 months of their 

reproductive cycles, spermatids are metamorphosed to spermatozoa. In 

females, the gonadosomatic index rises progressiv ely until spawning 

time. The maximum rate of increase occurs about the autuninal equinoxv 

when (exogenous) vitellogenesis begins. It is preceded by a period of 

endogenous vitellogenesis, beginning about midsummer. (Histological 

details courtesy of K. H. Rashid [in prep]). 

3.2. Somatic condition cycle. The somatic condition factorsin males 

in 1980 and 1981 are shown in Fig. 4; and of females in the same years 

in Fig. 5. Ip both sexes the somatic condition factor remains low until 

midsummerg the females having lower values than the males. There follows 

a rapid increase in both sexes which lasts until late September, by 

which time the female values almost equal those of males. Thereafter, 

the somatic condition factor of both sexes declines, particularly in 

females, to its minimum in May. 
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3.3. Hepatosomatic index cycle. The hepatosomatic index of males in 1980 

and 1981, is shown in Fig. 6, and of females in the same year, in Fig. 7. 

There is less seasonal variation in males than in females. In females there 

is a very significant elevation during autumn. 

DISCUSSION 

The powan of Loch Lomond is particularly suitable for studies of related 

cyclical phenomena, because its reproductive (arid associated) cycles are 

unusually accurately timed. This accuracy derives from the group's boreal 

origin, and the additional accuracy imposed by a freshwater, rather than 

a marine, habitat (Scott, 1979). It also has other advantages. It is 

abundant, and relatively easy to catch throughout the year in statistically 

useful numbers. It is feasible for the research worker to catch the fish 

himself, so that the exact conditions to which they have been subjected can 

be rigorously controlled. It is virtually totally unexploited by Homo 

sapiens, -not even by anglers, so that sampled fish are not likely to show 

artefacts deriving from human contact. Though small (maximum 440 ran total 

length), it is possible to extract up to 1.5 ml of blood from a single speci- 

men. The only real disadvantage of the species is that it dies on transfer 

to aquaria. The only way to produce a laboratory population is by rearing 

hatchlings from artificially-fertilised ova. 

The reproductive cycles during the years of this study were consistent 

with studies in previoUt years, and with the cycles observed in years subse- 

quent to this study (Scott, pers. com. ), and were typically accurate in their 

timing. It is possible to correlate the associated cycles of somatic condition 

factor and hepatosomatic index with the reproductive cycle. The fall in 

somatic condition factor after spawning reflects the mobilisation of lipid 
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in the muscle for maintenance of bodily functions during the winter period 

of low food availability. It also probably reflects catabolism of muscle 

itself, particularly in females, since they enter the winter with very low 

lipid reserves relative to the males, much of their lipid being incorporated 

into the oocytes during vitellogenesis (Rashid in prop. ). Rich feeding 

becomes available about May (Slack et al. 1957). Despite this, somatic condi- 

tion factor stays low until after midsummer, suggesting that anabolism is 

not yet occurrinj. It should be remembered, however, that growth in length 

probably begins in Vay (McCulloch, in prep. ) and since length is the denomina- 

tor of the somatic condition factor equation, the values at this time may 

be misleading. 

The elevation of the hepatosomatic index in females from mid-summer 

to shortly before spawning is evidently associated with exogenous vitello- 

genesis in the ovary, a process known to be mediated by the production of 

vitellogenin in the liver (see Chapter 



FIGURE 2. 

Gonadosomatic index (GSI) of male powan from February 1980 

to November 1981 plotted against the sampling date. 
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FIGURE 

Gonadosomatic index (GSI) of female powan from 

February 1980 to November 1981 plotted against the sampling date. 
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FIGURE 4. 

Somatic condition factor (SCF) of male powan plotted at; ainst, 

the sampling date. 
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FIGURE 5. 

Somatic condition factor (SCF) of female powan plotted against 

the sample date. 
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FIGURE 

Hepatosomatic index (HSI) of male powan plotted against 

the sampling date. 
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FIGURE 7. 

Hepatosomatic index (HSI) of female powan plotted against 

the sampling date. 
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CHAPTER 

PITUITARY CYTOLOGY 

1. INTRODUCTION. 

1.1. The pituitary in vertebrates 

The pituitary forms part of an integrated brain-pineal-pituitary. system 

which transduces environmental information-(from both external and internal 

environments) into physiological responses. It may thus be misleading 

to consider only one couponent of this integrated system in isolation, 

but it is conventional and conv enient to do so. No further reference to 

the brain and pineal will be made. 

1. The pituitary in Teleostei 

1.2.1. Investigative methods 

Polychrome staining 

The fundamental method for the study of pituitary morphology is still 

the venerable polychrome staining techniques such as Itlloryls trichrome, 

Masson's trichrome, Azzan of Heidenhain, etc. (Huraason, 1972). By studying 

differences both in structure and colour it is possible to distinguish 

various types of cell, even though specific functions can not be ascribed 

to them. In this way the classic concept of endocrine cell types labelled 

cK- I in the adqnohypophysis was worked out. 

The actual function of each identifiable cell type was initially deter- 

mined by inducing the cells under investigation to alter their metabolic 

. activity in some pre-determined manner by experimental manipulation. For 

example, chemical thyroidectomy causes hypertrophy of certain glycoprotein- 

rich cells in the adenophyophysis of Pacific salmon (0. tshawytscha). 
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These cells are therefore probably thyrotropin-producing cells (Olivereau, 

1972). Methods of this sort suffer from the limitation that experimental 

manipulation may evoke reactions from more than one pituitary cell-types 

and not solely the one being sought. Thus adrenocortical, cells are likely 

to respond to any stress (Hane et al., 1966; Hill and Fromm, 1968). To 

avoid such complications, some investigators prefer to identify presuirptive 

cells by following naturally occuring cyclical changres, e. g. of gonadotropin 

cellsin Scleropages formosus (Scott and Fuller, 1976). 

Largely on the basis of such observations, Romeis's Greek letter nomen- 

clature has been translated as follows: 

somatotropin (X 

gonadotropin 
in maramals 

gonadotropin 

thyrotropin s 

adrenocorticotropin 6 

luteotropin (prolactin). 

(ii) Histochemistry. 

Confirmation of such identification is possible in the case of cells 

whose contents react specifically with certain stains. Histochemical methods 

in routine use include: 
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(a) Periodic-acid-Schiff Numason, 1972). Stains cells rich in carbohy- 

drates, such as gonadotropic and thyrotropic cells. 4 

(b). Paraldehyde fuchsin (Gabe, 1953). Stains neurosecretion in hypothalamus 

and pituitary, also gonadotropic and thyrotropic cells. 

(c) Lead haematoxylin (ViacConnail, 1947; Olivereau, 19611). Stains adreno- 

corticotropic'and nietaadenohy'pophyseal cells preferentially. 

(d) lierlant pituitary stain (Humason, 1972). Stains gonadotropic cells. 

(iii) Immunohistology. 

A higher degree of specificity is available usine immunohistoloZ; y. 

The immunofluorescence technique was originated by Coons et al-9 (1942), 

who showed that antibodies coupled to fluorescent dyes can be bound to 

tissue sections at the locations of their specific antigens. Several 

developments of the original method have been used (Feteanu, 1978). In 

all these methods the primary requirement is to produce antibodies which 

will bind with the teleost hormones under investigation. Ideally, the 

antibody should be raised to the specific teleost hormone being investigated, 

but in practice this has rarely been achieved, mainly because of the dif- 

ficulty of obtaining teleost hormones (see Chapter 

There is now considerable evidence that the antibodies to several 

mammalian pituitary hon.: ones cross-react with the corresponding .. 
teleost 

hormones. Since mammaliarf'hormones are more readily available, much teleost 

itamunohistology is based on heterologous reactions of this sort. For CJ C. 1 

example, anti-ovine prolactin has been used to stain the presumed prolactin 

cells of several species of teleost: catfish (H. fossilis) (Emmart et al., 

1966; Emmart and Mossakouski, 1967), goldfish (C. auratus) (Ermnart, 1969), 



23 

roach (Leuciscus rutilus) (Aler, 1970), sockeye salmon, (Oncorhynchus 

nerka (McKeown and Van Overbeeke, 1971), eel (Anguilla anguilla) and Atlantic 

salmon (Salmo salar) (Aler, 1971), and anti-porcine adrenocorticotropin 

and synthetic corticotropin have been used to react with C cells in sockeye 

salmon (0. nerka) (McKeown and Van Overbeeke, 1971). Anti-sera produced 

to the three mammalian glycoprotein hormones (thyrotropin, follicle-stimulat- 

ing hormone and luteinisin, - hormone) are rather more doubtful in their 

response to teleost'tissues. Anti-thyrotropin and anti-follicle stimulatinG 

hormone gave no reaction with sections of sockeye salmon (0. nerka) pitui- 

taries (McKeown and Van Overbeeke, 1971). It is not clear whether this 

lack of reaction was due to the absence of these hormones from the pituitary, 

perhaps at a particular stage in the reproductive cycle-t or to the absence 

of a cross-reaction between the species. (These possibilities are discussed 

more fully in Chapter 4). Anti-ovine-luteinising hormone, on the other 

hand, reacted with cells in the adenohypophysis of sockeye salmon (0. nerka). 

These cells reacted positively to periodic-acid-Schiff and had previously. 

been tentatively identified as gonadotropic (McKeown and Van Overbeekeg 

1971). Thyrotropic cells-. have been identified in the pituitary of carp 

(C. carpio) using a highly purified homoloSous antigen (Billard et al., 

1971). And antibodies to teleost gonadotropin(s) and thyrotropins have 

been used to investigate their cytological origin in flounder 

(Pseudopleuronectes americanus) (Burton et al., 1981). 

The main theoretical advantage of immunological techniques lies in 

their specificity. The use of non-homologous antibodies whose exact cross- 

reactions are uncertain, somewhat negates this advantage. However it seems 

to be generally recognised that anti-marimalian luteinising hormone may 

.. 
be used. to identify tele. ost pituitary Sonadotropic cells (McKeown and Van 

Overbecke, 1971; Billard et al., 1971). 
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(iv) Electron microscopy 

Examination of the fine structure of pituitary cells provides a further 

means of distinguishing cell-types at a more detailed level than is provided 

by light microscopy. It suffers from the same limitationj that no indica- 

tion of function is usually available. Electron microscope studies reveal 

many more cell-types than the classic M-1 and "chromophobes" (Schreibman 

, 
et al., 1973). But it is difficult without long term study to decide 

whether differences in say, granulation, reflect distinct cell typest 

or different stages of activity in a single type. 

1.2.2. Morphology 

The teleost pituitary differs from that of other vertebratesq in 

that the neurohypohysis does not form a discrete lobe, but ramifies exten- 

sively within the adenohypophysis; and in having no hypophyseal portal 

systemq neurosecretions from the brain passing across a blood sinus at the 

adenohypophysis-neurohypophysis interface. Posterior to the pituitary, in 

some species only, is the saccus vasculosus, an organ of uncertain function. 

The adenohypophysis of teleosts is conventionally divided into 3 parts, 

on the basis that each part contains a characteristic population of cell 

types. The neurohypophysis ramifies into each part to a different extent 

(Pickford and Atz, 1957; Ball and Baker, 1969). Originally, the parts 

were named proadenohypophysis, mesoadenohypophysis, and metaadenohypophysis 

(Pickford and Atz, 1957), -but were later renamed as rostral parsdistalis, 

proximal pars distalis, pars intermedia, -on the grounds of homology with 

the corresponding parts of the pituitary in mammals. Schreibman et al. j 

1973) proposed "in the interest of correct anatomical terminolosyll to 
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rename the proximal pars distalis as the caudal pars distalis. It would 

seem even more logical to replace the terms "rostral" and "caudal" with 

the more straightforward terms "anterior" and "posterior". 

As more species are investigated, it is becoming apparent that the 

tripartite division of the teleost. adenohypophysis is not rigid; the pars 

intermedia (metaadenohypophysis) may secrete hormones not associated with 

the mammalian pars intermedia (Scott and Baker, 1974; 1975), and the three 

parts may not always be orientated in an antero-posterior direction. On 

balance, the non-committal and simple original terminology of Pickford 

and Atz (1957) seems the best. 

(i) Adenohypophysis. 

(a) The rostral pars distalis (proadenohypophysis), generally contains 

cells secreting luteotropin (prolactin) and cells secreting adrenocorti- 

cotropin. Thyrotropin-producing cells may also occur here (Ball and Baker, 

1969; Scott and Fuller, 1976). Other cell-types of unknown function havý 

been described using electron microscopy (Knowles and Vollrathl 1966; 

Leatherland, 1970). 

The luteotropic cells in at least some Elopomorpha and Salmoniformes 

are arranged in follicles, with cilia protruding into the follicular lumen 

(Knowles and Vollrath, 1966; Cook and Van Overbeeke, 1969; Sape and Bern, 

1971). In other teleosts the luteotropic cells are not so arranged. 

The morphology of individual luteotropic cells is variable, partly, no 

doubt, because of species differences, and partly because of varying 

physiological state at the time of fixation. In all caes, howeverl they 

stain preferentially with azoearmine, acid fuchsin and erythrosine. 
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The adrenocortical cells in the "textbook" teleost pituitary form 

a wedge of cells at the border between the mass of prolactin cells and 

the neurohypophysis (Schreibman et al., 1973) , and stain preferentially 

with lead haematoxylin (Olivereau, 1964). They are variables howeverl 

both in location and staining properties, responding rapidly to stress. 

(b) The proximal (caudal) pars distalis (mesoadenohpophysis) typically 

contains cells secreting somatotropic, thyrotropic and gonadotropic hormones. 

The somatotropic cells alone in the mesoadenohypophysis do not secrete 

glycoprotein hormones, and are therefore negative to such histochemical 

methods as periodic-acid-Schiff and paraldehyde fuchsin. They are strongly 

acidophilic. 

The thyrotropic cells are probably the most difficult cells to recog- 

nise. They may occur in the rostral pars distalis as well as the caudal, 

and their staining properties are similar to the gonadotropic cells. 

It is apparently possibl--! to reveal them in azan (Olivereau, 1963), and - 

Leatherland (1982) states that ". -. The positive identification of puta- 

tive thyrotropes in many teleosts is still needed. " 

The gonadotropic cells, like the thyrotropic cells, are positive 

to both periodic-acid-Schiff and paraldehyde fuchsin. How many types 

of gonadotropic, cells exist is still in dispute. It is obviously difficult 

to distinguish cell types from phases in cell activity, nor will all types 

necessarily be present throughout the reproductive cycle. It seems likely 

that many species have more than one type of gonadotropic cell, (Knowles 

and Vollrath, 1966; Oztan, 1966; Cook and Van Overbeeke, 1972; Leatherlands 
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1972; Olivereau, 1978; Slijkhuis, 1978), and two Sonadotropic horriones 

have been described (Idler and Ng, 1979; Ng and Idler, 1979, Breton et 

al., 1981). 

(ii) The pars intermedia (metaadenohypophysis), contains two cell-types 

in all species so far studied, except salmonids (Schreibman et al., 1973). 

Of the two types one-is periodic acid-Schiff-positive, and the other lead 

haematoxylin-positive. The cells which stain with lead haematoxylin 

resemble mammalian melanophore-stimulating-hormone cells, and there is 

some evidence that they secrete melanophore-stimulating hormone in soine, 

but not all teleost species (Olivereau, 1969 a, b; Ball et al., 1971; 

Baker, (1972). There are indications that the pars intermedia of Salmo 

gairdneri secretes an adrenocorticotropin. ýlike peptide (Clip) (Scott and 

Baker, 1974; 1975) and the chemical similarity of adrenocorticotropin 

and melanophore-stimulating hormones might indicate a source from similar 

cells. The role of the periodic acid-Schiff positive cells is not clear, 

but osmoregulation has been suggested (Olivereau, 1969c; Olivereau et al., 

1981). 

(iii) Neurohypophysis 

The neurohypophysis comprises glial cells-(pituitcytes), neurosecretory 

fibres from the hypopthalamus, and blood vessels. The fibres terminate 

either on individual adenohypophyseal cells, or on the contiguous basement 

membrane which forms a continuous lining between the ramifications of the 

neurohypophysis and the adenohypophysis. They originate in either the 

nucleus preopticus, when they run mainly to the pars intermedia and are 

stainable with classical neurosecretory stains; or in the nucleus lateralis 

tuberip't when some run to the-proximal (and presumably also the ro: jtral) - 
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pars distalis. These latter fibres may not stain with the classical stains 

(Perks, 1969). 

Two types of pituic y tes have been described in some species, though 

only one in others. They are not simply "supporting cells" as formerly 

assumed: one type nay be concerned with the transfer of neurosecretory 

material from the axon synapses into the basement membrane; the other 

(containing periodiq acid-Schiff positive granules) may be phagocytict 

and concerned with the autolysis of excess neurosecretory granules (Leather- 

land, 1972). 

2. MATERIALS AND PETHODS 

Collection and fixation of tissues 

Adult Coregonus lavaretus (L. ) from 25-35 cm total length were 

collected in Loch Lomond, using benthic gill-nets of 39 mm (knot-to-knot) 

mesh of No. 0 nylon thread (Norsenet, Bergen). The nets were laid during' 

the evening, and the catch retrieved the following morning. Lightly-enmeshed 

and lively fish were selected for pituitary study, and were processed within 

15 minutes of removal from the net, to minimise postmortem damaSe. 

Each specimen was killed by decapitation, and the lower jaw and gills 

cut away. The floor of the cranium was dissected away to expose the 

pituitary and ventral surface of the brain. The brain, with the pituitary 

in situ was then, removed from the cranium by cutting through the cranial 

nerves. Orientation of the pituitary for sectioning was greatly facili- 

tated by leaving it attached to brain tissue. 
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2.2. Wax sectioning 

For ligh microscopy the tissue was fixed in Bouin's (aqueous) fixative 

(Humason, 1972) for 24 hours, washed in repeated changes of 70% ethanol, 

and then dehydrated in a2 methyl-propan-2-ol/paraffin system and embedded 

in "Fibrowax" (A. B. Horwell). 

70% embedding alcohol 24 hr 

85% it 2 hr 

95% 2 hr 

100% 2 hr 

2 methyl propan-2-ol 100% 2 hr 

It (fresh) 12 - 18 hr 

(fresh) 2 hr 

2 methyl propan-2-ol/paraffin 6- 12 hr 
50 : So 

"Fibrowax" 2 hr 

(fresh) 12 - 18 hr 

(fresh) 2 hr 

Serial sections, 5 pm thick, were cut on a Leitz rotary microtome using 

a "Glen Creston" knife. Sections were mounted on microscope slides using 

Mayer's albumen (Pantin, 1946). 
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2.3. Staining, methods 

The following staining techniques were used: 

(i) Periodic acid-Schiff (Humason, 1972) 

(ii) Paraldehyde fuchsin (Gabe, 1953). 

(iii) Masson's trichrome (Humason, 1972) 

(iv) Herlant pituitary stain (Humason, 1972). 

2.4. Frozen sections 

For frozen sections the tissue was mounted on a disc of cork, suitably 

orientated for subsequent sectioning, and frozen in liquid nitrogen. 

It was stored at -40*C in sealed polythene bags (to avoid dehydration) 

until required. 

2.5. Immunostaining 

(i) Production of antibody 

100 lag of commercial mammalian luteinising hormone (Radiochemical 

Centre, Amersham) was dissolved in 0.9% NaCl and emulsified with an equal 

volum e of a mixture of 9 parts of the oil Drakeol 6 vr (Pennsylvania 

Refining Co. ) and one part of the emulsifier Arlacel (Servaq Heidelberg). 

This was then mixed with an equal volume of 2% Tween 80 in 0.9% NaCl. 

By repeated injection from a hypodermic syringe an emulsion was formed. 

The emulsion was injected intradermally at multiple sites in the back 

of the rabbit. One booster injection was given after four weeks in a si'Pi- 

lar way as for the primary immunization but the quantity of antigen was 10% 

of that used initially. A blood sample was withdrawn from the marginal 

ear vein at 40 days after the initial injection. The blood was transferred 
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to a test tube and was allowed to clot at 37*C for 2 hours. The clot was 

then separated from the glass and allowed to retract overnight at 40C. 

The serum was removed the next day and centrifuged at 2500 g for 20 minutes. 

Aliquots of 400 yl of the serum were frozen and kept at -400C until 

analysed. 

(ii) Detection of antibody 

The presence o; f antibody in the serum was tested by means of the agar 

diffusion technique (Weir, 1974). 1g of Noble agar (Difco) was added 

to 100 ml of water containing 0.9% Nael. The solution was then boiled 

for 5 minutes and allowed to cool down to 5011C ± 1. A layer 2 mm thick 

of molten agar was poured in to a petri-dish and allowed to solidify so 

as to form a level surface, and reagent wells were cut using an agar-well- 

cutter. 5 pl of antibody were added to the centre well, and different' 

concentrations of antigen (1,19 11 1) were added to the surrounding 
4 13 16 32 

wells. The petri-dish was then incubated at 250C for 18 hours. The appear- 

ance of the precipitin line indicated the presence of the antibody. 

(iii) Immunofluorescence 

Frozen sections were cut on a Slee cryostat at -200C, from 5-8 pm 

in thickness. They were picked up on a clean coverslipq and dried in a 

warm air stream from a hair drier. The section was then fixed in 100% 

ethanol at -200C for ten minutes. The section was then rinsed three times 

with ice cold phosphate buffered saline (P. B. S. )'0.01 M pH 7.1 - The section 
I 

was then incubated with anti-mammalian luteinising hormone (diluted 1: 10) 

in a high humidity chamber for 30 minutes'at 250C. After the incubation 

the section was washed for 15 minutes with agitation in three changes of 

ice cold buffe - r, -- a- nd -- incub - a-ted----w-itli- fl'Uor esc ein-is o-'thi-o-cyanate- lab '61led 
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goat anti-rabbitY-globulin (FITC) (Wellcome Reagents, at a dilution 

of'l part of FITC in 100, parts of bufýer, 30 minutes at 2511C. The prepara- 

tion was again rinsed three times with ice cold buffer. The section was 

then dried and the coverslip was inverted over a drop of glycerol-buffer 

(one part buffer :9 parts glycerol) on a slide. The -section was examined 

under a Zeiss fluorescence microscope. For fluorescent examination, exciter 

filter I (transmits light of wavelengths 325 to 500 nm) was used for stimu- 

lation of FITC (it absorbs maximally at wavelength 490 nm), and barrier 

filter 50 (it eliminates light of wavelengths less thaný 490 nm) was used 

to maximize contrast between the fluorescence and the background. (FITC 

emits maximally at wavelength 530 nm). 

To confirm the specificity of the immunofluorescence staining, the 

following control procedures were performed: (a) normal rabbit serum was 

substituted for immunised rabbit seru, -, i, (2) phosphate-buffered-saline was 

substituted for FITC. 

The sections were examined under the microscope *and were photographed. 

Electron microscopy 

Imediately after the fish was taken out of the net, the 

pituitary was removed and it was divided into four parts (namely: 

proadenohypophysis, metaadenohypophysis and the two "cheeks"), and each 

part was placed in the fixative solution. The embedding, sectioning, and 

staining, were carried out according to the following schedule: 
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A. Fixation 

1. Reasents: 

(i) Gluteraldehyde fixative. 

One part of 25% gluteraldehyde with nine parts of phosphate buffer. 

(ii) Phosphate buffer (PH 7.4 - 7.9). 

(a) 3.4 of KH 2 PO 4 anhydrous was dissolved in 50 ml distilled water. 

(b) 3.55 S of Na HPO anhydrous was dissolved in 50 ml distilled water C. 4 24 

(warm to dissolve). 

4.36 ml of (a) was mixed with 31.8 ml of (b) and made up to 1 litre 

with distilled water. The pH was adjusted if necssary to between 7.4 - 

7.9 by addition of 0.1 1.1 HU or 0.1 M NaOH. 

(iii) Osmium fixative: 

was prepared by adding 5 ml of phosphate buffer to 

5 ml of 2'00 ' osmium tetraoxide (OsO4). 

2. Method. 

(i) The pituitary was fixed in gluteraldehyde fixative for one hour. 

(ii) It was then washed in phosphate buffer, three changes of 5 minutes 

each. 

(iii) Post-fix in osmium fixative for 1 hour. 

Rinse in phosphate buffer, twice of 5 minutes* in each. 

(vi) Finally dehydrated in 1001A ethanol, two changes of five minutes. 

The pituitary was then kept in 100% ethanol for up to 72 hours. 
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B. Embedding 

1. Reagents. 

(i) Propylene oxide (1,2 epoxypropane). (BDH Chemicals Ltd. ). 

(ii) Araldite (Balzer Ltd. ). 

27 ml of Araldite resin CY212 was mixed with 23 ml of Araldite 

hardener HY 964, and 1 ml of Araldite accelerator DYO 64. 

Method 

(i) Soak the tissue in propylene oxide (1,2 epoxypropane), three changes 

of 20 minutes each. 

(ii) Soak in two parts propylene oxide and one part Araldite for I hour. 

(iii) Soak in I part propylene oxide and 1 part Araldite for 1 hour. 

(iv) Line a petri-dish with foil paper and pour in the Araldite solutiýn 

to the depth of about 2 rm. The tissue was then placed in the 

petri-dish, and after 1 hour, the petri-dish was placed in an oven 

for at least 48 hours at 600C. 

C. Sectioning 

A small block containing the tissue was cut from the hardened Araldite 

and mounted on an ýraldite peg. The block was then trimmed to the desired 

size, not more than 1 mm x1 mm. Sections were cut on a LKB-Ultratome 

III using glass knives made on a LKB knife maker (Type 7801 B). At first 

1 )1m thick sections were cut, stained with methylene blue, and examined 

- under the light-microscope, -in-arder to locate the rplevant. cells in týe 
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pituitary. The block was then trimmed further so that only the desired 

area was left. 

Then thin sections (50 - 60 nm) were cut and mounted on type 300 Veco 

grids 3.05 mm in diameter, (Supplied by Emscope Laboratories, Ltd. ). 

D. Staining 

Sections were stained in uranyl acetate (saturated solution in 

500 ethanol, filtered before use) for 1.5 hours. 

2. Sections were then washed in double distilled water for 1 minute, 

and dried. 

The sections were then placed in lead citrate for 2 minutes. 

The sections were washed in 0.1 N sodium hydroxide for 1 rainute. 

The sections were then washed in double distilled water, for 1 

minute and dried. 

E. Examination and photography 

Sections were examined on a Philips Electron Microscope E. M. 301 HRGJ 

operated at 60 KV, with a 30 lira objective aperture. The material was photo- 

graphed on "Ilford"E. M. film at various magnifications. -The plates were 

developed for 4 1/2 minutes at 200C in Ilford PQ Universal developer and 

fixed in "Amfix". 
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Results and conclusion 

1. Juvenile. 

Prior to hatching (which takes place about 3 months after fertilisation 

at normal temperature: Maitland, 1968) the pituitary can be identified 

as consisting of a mass of undifferentiated cells. The adenohypophysis 

and the neurohypophysis are separated by a thin layer of tissue, presumably 

mesodermal (Plates 2,3,4). The saccus vasculosus at this stage is a 

one-layered cone of cells lying immediately posterior to the pituitary 

(Plate 4). 

At hatching, the neurohypophysis is visible as a discrete structurej 

distinguishable from the hypothalamus, but the adenohypophysis is still 

undivided. The saccus vasculosus has increased in size, and in the number 

of its cell layerss (Plate 5). 

During-. the first 3 months after hatching, the neurohypophysis extends 

ventrally to divide the adenohypophysis in to 3 distinct lobes, arranged 

along the anterior-posterior 'axis *of the fish (Plates 6,79 8). 1 

By 6 months after hatchingg the pituitary is beginning to be restruc- 

tured into its adult form. At its posterior end a core of neurohypophyseal 

tissue extends ventrally, and metaadenohypophyseal tissue forms a sheath 

round the ventral and lateral parts of this core. There is little or no 

penetration of neurohypophyseal fibres into the proadenohypophysisl which 

lies anteriorly and now contains recognisable luteotropic follicles (plate 9). 

Between the proadenohypophysis and the rietaadenohypophysis, lie mesoadeno- 

hypophyseal cells. They extend backwards on either sidej forming "cheeks" 

on-either side of the pituitary-- - --- i- The saccus vascUlosus 

is by now more than twice the lenrth of the pituitary, and has many infold- 

ings (Plates 10a, b). 
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Adult. 

The embryogeny of the powan results-in an adult pituitary which is 

not arranged in the straightforward anterior-posterior sequence now gene- 

rally accepted as typical of teleosts (Schreibman et al., 1973), and it 

is much more difficult to distinguish the three parts of the adenohypophysis 

than is usual. In particular, the very clear tinctorial differences between 

the parts found in. many other teleosts are not apparent (at any rate with 

the stains used in this study). 

The pituitary is about 2 mm, in length and of characteristic shape 

(Plate 11). When viewed from the ventral aspect, it is roughly circular 

in outline, and closely adpressed to the brain. Extending ventrally from 

this circle of tissue is a cone-shaped lobe of smaller diameter, with its 

apex pointing approximately ventrally. In females the apex is more acute 

than it is in males. This conical projection is largely metaadenohypophysisp 

with ramifications of neurohypophysis in it. The ring-like dorsal circul-ar 

region is mainly proadenohypophysis anteriorly, with lateral and posterior 

zones of mesoadenohypophysis, but there is much intermingling, (Fig. 8). 

(a) Proadenobypophysis. (Rostral pars distalis) 

The proadenohypophysis forms a lobe at the anterior end of the organg 

extending from the dorsal surface (close against the brain) about 2/3 of 

the way to the ventral surface. Backward extensions of the proadenohypo- 

physis partly encircle the'pituitary stalk, extending posteriorly to dif- 

ferent extents in different individuals (Fig. 8). Two stainable cell types 

are. readily identifiable: 



FIGURE 

Isometric projections of serial horizontal sections 

of the pituitary gland of an adult Coregonus lavaretus. 

Dorsal to top of figure. Anterior to left. 

Black areas: metaadenohypophysis (pars intermedia). 

Heavy stipple: mesoadenohypophysis (proximal pars distalis). 

Light stipple: proadenohypophysis (rostral pars distalis). 

Clear areas: neurohypophysis. Diagrammatic. 
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Luteotropic (11) cells. (Plates 12,13t 14). These are acidophilic 

cells, staining brown/purple in Masson's trichrome, ovoid, about, 8 pm 

by 40 jum, arranged radially in follicles. The nucleus, with a prominent 

nucleolus, is situated at the distal end of the cell. 

(ii) Adrenocorticotropic (C ) cells. (Plates 12 - 13). Nominally 

"chromophobic" cells, but in powan staining similarly to luteotropic cells 

in Hasson's trichrome. They are small cells about 8 )1m in diameter, and 

with disproportionately large nuclei of irregular shape. They are inter- 

spersed among the luteotropic follicles, generally in groups close to 

ramification of the neurohypophysis. 

(b) Mesoadenophysis. (Proximal pars distalis) 

The mesoadenohypophysis forms a complete ring round the pituitary 

stalk, the ring being thinnest at the front and back and expanded into 

prominent "cheeks" on either side of the pituitary. At the posterior end, 

the mesoadenohypophyseal ring lies close against the brain; anteriorly 

it lies ventral to the proadenohypophysis. Two cell types are readily 

distinguishable: 

(i) Glycoprotein W, V, 
_9 

) cells. Basophils cells whose size and shape 

varies seasonally. At spawning time the cells are spherical, and closely 

packed, with few intercellular spaces (Plate 14 - 15). They are positive 

to -periodic acid-Schiff (Plate 16) and paraldehyde fuchsin (Plate 17). 

They are stainab 
I 
le with anti-mammalian luteinising hormone (page 40), 

which suggests that they are gonadotropic, but since no clearly-identifiable 

thyrotropic cells have been yet located in powan, some doubt must remain. 
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(ii) Somatotronic ( &, ) cells. (Plates 14 - 15). Acidophilic with 

similar staining characteristics to luteotropic cells in Masson's trichrorie. 

These cells are small, about 10 ym in diameter, spherical, with very large 

nuclei which almost fill the cell. They occur in Groups around the neuro- 

hypophyseal fibres scattered amongst the gonadotropic cells in the dorsal 

region of the adenohypophysis. 

(a) Metaadenohypophysis. (Pars interinedia). (Plates lor' - 19). The 

metaadenohypophysis forms the bulk of the ventral "conical" part of'the 

pituitary, where it is much broken up by the ramifications of the neuro- 

hypophysis. It continues upwards, forming a central core of the pituitary, 

surrounding the neurohypophysis for about two-thirds of the height of 

the pituitary. 

There is a considerable degree of intermingling of meso-and meta- 

adenohypophyseal cells, so that they cannot be distinguished by their 

locations alone. However the staining characteristics of the gonadotropic 

cells (green-blue); their size (15 - 20 pm diameter); and their arrange- 

ment (in groups or cords), make them readily distinguishable from typical 

metaadenohypophyseal cells (blue-purple); (6 - 6.5 pm diameter); Urýe- 

gularly arranged, usually near to neurohypophyseal ramifications). 

3.3-ý Immunostaining 

The immunofluorescence technique resulted in a strong fluorescence 

in large cells distributed in the mesoadenohypohysis region of the pituitary. 

These cells occurred either in cords or as Clustersq typical of putative 

gonadotropic cells (Plates 20,21). 
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The control sections, treated with normal rabbit serum, showed no 

fluorescence. Also negative results were obtained when buffer was substi- 

tuted for fluorescein dye. 

Gonadotropin cells have been located in a number of teleosts by 

immunocytological methods (Goose et al., 1976; EkenGren et al., 1978a; 

Schreibman and Kazan, 1979). These cells are generally concentrated in 

the mesoadenohypohysis region of the pituitary (Doerr-Schott, 1976; Goose 

et al., 1976). In some teleosts, such as Anguilla anguilla (Olivereaul 

19 . 67); Scleropages formosus (Scott and Fuller, 1976; Salmo salar (Olivereau, 

1976; Ekengren et al., 1978b); and Oncorhynchus nerka (Cook and Van 

Overbeeke, 1972), the gonadotropin cells are also observed in the proadeno- 

hypophysis region of the pituitry. 

The number of gonadotropin cell types in teleost pituitary has been 

much discussed (Ball and Baker, 1969; Leatherland et al., 1969,1970; 

Cook and van Overbeeke, 1972; Peute et al, 1976). Positive results with. 

anti-ovine LH were obtained in the pituitaries of the carp, Cyprinus carpio 

(Billard et al., 1971), and 0. nerka (IýIcKeown and Van Overbeeke, 1971). 

Ovine FSH antiserumt on the other hand, failed to react in the mesoadeno- 

hypophysis of O. 'nerka (1, bKeown and Van Overbeeke, 1971). These observa- 

tions were explained by Doerr-Schott (1976), who suggested that either 

teleost fish does not react with mammalian antiserum, or the teleost 

pituitary produces only one gonadotropic hormone which is similar to 

mammalian LH in, its antigonic character. 



3.4. Fine structure. 

Pituitaries were divided prior to fixation into 4 parts, as described 

in Materials and Methods, namely 

(i) A"dorsal, anterior part, corresponding to'the proadenohypophysis 

(Rostral pars di3talis). (Fig. 8). 

(ii) The two "cheeks" where the highlest concentration of gonadotropic 

cells occurs (Fig. 

(iii) The lower part of the ventral "conicall' lobe, which is almost entirely 

populated by metaadenohypophysis (pars 

of the neurohypophysis. 

intermedia) cells and ramifications 

This selection of parts ensured that each would contain a preponderance 

of a particular cell-type (or types), so making identification simpler. 

It should be remembered, however, that there is a great deal of intermingling 

of the pituitary zones and the various cell-types in powan, and none of 

the 4 parts (except, perhaps, part (iii)) consists exclusively of the cell- 

types typical of the zone. 

(a) Luteotropic cells. As in other salmonids, the luteotropic cells are 

arranged in follicles, and their cilia protrude into the follicular lumen. 

They are elongated, and contain large electron-dense granules. The granules 

tend to be concentrated towards the end of the cell remote from the lumen 

of the follicle. ý The nucl6us is also elongatedg and when out in transverse 

section has an irregular outline. The chromatin patterning in the nucleus 0 

is very prominent. Mitochondria are elongated along the long axis of the 

cells, and are moderately electron-dense. There are many vesicles in the 

cytoplasm, and rough endoplasmic reticulum is prominent. (Plates, 22,23, 

249 25,26,27). 

41' 
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(b) Adrenocorticotropic cells. The adrenocorticotropic cells lie in the 

proadenohypophysis (rostral pars distalis), in juxtaposition to the neuro- 

hypophysis. Certain cells in this region have electron-dense nuclei, of very 

irregular shape. They have little cytoplasm, which is moderately electron- 

dense and contains very few granules but many vesicles. The sparsity of 

granulation may be due' to the method of catching the powan, gill-netting, 

which is known to cause rapid elevationof plasma cortisol concentration 

(Fuller, et al., 1974). These cells could well be exhausted of their hormones. 

(Plates 28,29v 30). 

Other cells in the same region ("mouse-like cells") (Plate 31) have 

irregular shape nucleil they have little cytoplasm which contains very few 

granules but many vesicles. The latter cell-type closely resembles the cells 

identified in Poecilia (Batten et al., 1975) and in Gambusia (Dubourg et 

al., 1982) as being adrenocorticotropic, whereas the former type resemble 

the "stellate" cells of Poecilia (Batten et al., -1975) and the 11cellules 

etoilees" of Gambusia (Dubourg et al., 1983). Since this study was concerned 

with the Sonadotropins rather than adrenocorticotropinj no further attempt 

was made to verify the identify of these 2 cell types, but it is felt, mainly 

because of their position, that the former type is the adrenocorticotropic 

cell in powan. 



(c) Somatotropic cells. The somatotropic cells lie interspersed among 

the gonadotropic cells in the mesoadenohypophysis (proximal pars distalis), 

generally in small groups, and often close to neurohypophyseal ramifications. 

Their nucleus is very large relative to the total cell volume, and its 

chromatin is indistinctly patterned. Vesicles are present in the cytoplasm, 

but granulation is sparse. (Plates 32,33,341 35). 

(d) Gonadotropic cells. The gonadotropic cells are conspicuously the largest 

cells in the mesoadenohypophysis (proximal pars distalis). There is much 

cytoplasm, highly granulated and with many vesicles and conspicuous rouFh 

endoplasmic reticulum. Characteristic of the gonadotropic cells are "dense 

bodies" which have been described in other species (Rennie, -1981 The 

nucleus is regular in outline, oval or circular in section, with the chromatin 

very conspicuously patterned. (Plates 33,341 351 36,37). 

t 
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CHAPTER 

T14E NATURE OF PCWAN GONADOTROPIN - EXTRACTION AND IDENTIFICATION 

1. INTRODUCTION 

1.1. The gonadotropic hormones of vertebrates: mammals and teleost fish. 

The first gonadotropic hormones'to be studied were those of mammals, 

and they are stiýl the most fully elucidated (Cohenq 1977). 'Using, the 

definition of a gonadotropin as a hormone secreted by the pituitary gland 

and controlling the functions of the gonads, there are two well established 

gonadotropins, in mammals: 

M Luteinising hormone (L. H. ), also called interstitial-cell-stimulating 

hormone (I. C. S. H. ). It mediates the final stages of maturation and ovulation 

in female mammals; and the stimulation of the androgen-produning inter- 

stitial cells in the testis (v. chapter 6). 

Follicle-stimulating hormone (F. S. H. ). It mediates the development 

of the ovarian follicleg and hence of the oocyte and of oestrogen production 

(v. chaper 6), and the maturation of spermatocytes in the male. 

In some mammals (e. g. rodents) there is a third pituitary gonadotropin, 

i. e. Luteotropin,, (L. T. H. ), also called prolactin. -It maintains the corpus 

luteum, and hence the level of the steroid progesterone, during pregnancy. 

In other mammals (e. g. Primates). the corpus luteum is maintained by 

gonadotropins secreted by-the placenta of the embryo, not by the maternal 

pituitary, i. e. Chorionic gonadotropin, which mimics the effect of maternal 

pituitary gonadotropins in the'later stages of pregnancy. 
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Two chorionic gonadotropins are commercially available: Human chorionic 

gonadotropin (H. C. G. ) whose action resembles luteinising hormone, and a 

preparation of pregnant mare serum (P. M. S. ), with biological properties 

similar to a mixture of luteinising hormone and follicle-stimulating hormone. 

The number and nature of gonadotropins present in teleost fish is 

less clearly understood. That the teleost pituitary gland does contain 

a substance (or Aubstances) with gonadotropic potency has long been known, 

and the knowledge put to practical use by commercial fishfarmers, in the 

technique called "hypophysation". The induction of spawning (in particular 

maturation and ovulation) by the injection of donor pituitary breis or 

extracts into fish (Pickford and Atz, 10,57; Chaudhuri, 1976; Fontaine, 

1976). Such experiments provided no information as to the chemical nature 

of the hormones, however, nor was it clear whether the donor gonadotropin 

was acting directly or mediating some secondary system, such as the gonads 

or'the adrenocortical tissue. 

Evidence for the nature of teleost. gonadotropin derives from injection 

of purified mammalian gonadotropins into fish, and of fish pituitary extracts 

into mammals. As recently as 1975, the general conclusion was that in 

teleost fish there was a single gonadotropin, generally (but not always) 

having the same effects as luteinising hormone when injected into mammals 

(Hoar, 1969; Donaldson, 1973; Fontaine, 1975). 

More recently, evidence for the existence of two teleost gonadotropins 

has built up (Idler et al., 1975c; Campbell and Idlerl 1976; Pierce et 

10.76; Farmer and Papkoff, 1977) and two have been named as I'vitello- 

genie" and "maturational and ovulatory" (Ng and Idler, 1979; Idler and 

Ng - 1979). 
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The reliable identification of these proposed gonadotropins depends 

on the development of specific extraction and purification methods, and 

means of identifying and characterising the products, which will now be 

reviewed. Methods for assessing the concentration of gonadotropins is 

given in Chaper 4. 

1.2. Extraction of gonadotropin -a review 

Attempts to extract and purify gonadotropin(s) from the pituitaries 

of teleost fish include: 

1956 Otsuka Salmon Oncorhy nchus keta 

1964 Clemens et al. Carp Cyprinus capr pio 

1965 Schmidt et al. Pacific salmon Oncorhy nchus tshawy tscha 

1971 Burzawa -Gerard Carp Cyprinus carp io 

1972 Donalds on et al. Salmon Oncorhy nchus tshawy tscha 

1975b Idler et al. Chum salmon Oncorhy nchus keta 

1976 Breton et al. Rainbow trout Salmo g airdneri 

1976 Pierce et al. Salmon Oncorh ynchus tshaw ytscha 

1977 Farmer and Papkoff Tilapia Tilapia mossambica 

1978 Breton A al. Salmon Oncorh ynchus tshaw ytscha 
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- Relatively pure gonadotropins have been obtained from the pituitaries 

of rainbow trout (Breton et al., 1976); carp (Burzawa-Gerard, 1971) and 

salmon (Donaldson et al., 1971). Purification falls into two main methods: 

1.2.1. (1) Alcoholic extraction, using either acetone-dehydrated 

pituitaries (Breton et al., 1976) described below as methodA, or fresh-frozen 

pituitaries (Donaldson et al., 1972) described below as method B, followed 

by gel filtration on Sephadex. 

1.2.2. (11) Aqueous extraction, followed by affinity chromatography 

(Idler et al., 1975b) described below as method C. This procedure in addi- 

tion to being more rapid, causes fewer artefacts and produces a preparation 

of higher specific activity. Two protein peaks are found, and are referred 

to as Con AI low carbohydrate content and Con A II high carbohydrate 

content, with the bulk of the gonadotropic activity occurring in Con A 

II fraction. 

Both methods (i) and (ii) have been employed in the present study.. 
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MHOD A. 

OUTLINE OF PURIFICATION PROCEDURE FOR 

TROUT GONADOTROPIN (Breton et al., 1976) 

Frozen pituitary glands 

Treated with acetone-N butanol-ethylic ether 

Residue extracted in 40% ethanol and 2% FaCl 

Centrifuge at 5500 g, extract 2 more times 

Supernatants pooled. pH adjusted to pH 5.2 with glacial 

acetic acid. Precipitate in 85% ethanol by slowly adding 

absolute ethanol. After 24 hours at 40C, centrifuge at 

36000 g for 20 minutes. The dry centrifuge residue 

constitutes the pituitary protein extract. 

Gel filtration on Sephadex G-50; buffer Tris-HC1 0.01 M; pH 8.0 

Dithiothreitol 0.5 mM. 

Gel filtration on Sephadex G-100 in the same buffer. 

Chromatographed on DEAE-cellulose DE 23 equilibrated in buffer 

Tris-HC1 0.01 M; pH 8.4; dithiothreitol 0.5 mM. Elution by ionic 

force gradient, Tris-HC1 001 M, pH 8.4 (500), NaCl 0.5 M (500) 

Chromatographed on Ultrogel ACA 54, ammonium bicarbonate buffer 

0.01 M, PH 8.0 

Concentration on Amicon UM 05 membrane 

Dialysis - lyophilized 
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METHOD B. 

AT OUTLINE OF THE METHOD OF PURIFICATION OF SALMON 

GONADOTROPIN (DONALDSON et al. 1972) 

Frozen pituitary gland 

Extraction in 40% ethanol 

pH adjusted to 5.2 with glacial acetic acid 

Precipitate in 85% ethanol 

After 20 hours at 20C, centrifuge 

RESIDUE 

Crude gonadotropin 

Gel filtered on Sephadex G-100 0.1 M NH 4 HCO 3 ph 3.3 

Gonadotropin fraction lyophilized and redissolved 

Gel filtered on Sephadex G-100 0.1 M NH 4 HCO 3 pH 8.3 

Gonadotropin fraction lyophilized 

SG-G 100 

Transferred to 0.001 M Na glycinate pH 8.2 by gel filtration 

on Sephadex G-25 

Chromatographed on DEAE-cellulose 

Linear gradient 0.001 M Na glycinate 0.001 M Na glycinate 

+ 0.25 M. NaCl 

Gonadotropic fractions 1yophilised 

Desalted by gel filtration on Sephadex G-25 

Gonadotropie-fractions. lyophilised--. --. - 
SG-DEAE-1,2,3, and 4 
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MHOD C. 

OUTLINE OF THE METHOD FOR ISOLATION OF 

CONADOTROPIN FROM CHUM SALI,, X)N PITUITARY GLANDS 

USING AFFINITY CHROMATOGRAPHY (Idler et al., 1975b) 

Frozen pituitary glands 

Homogenised'in buffer, 0.05 Tris-HClj pH, 7.7,0.5 H NaCl, 

0.2 mM dithiothreitol 

Centrifuge at 30000 9 for 30 minutes 

The supernatant is applied to a column of Con A sepharose 

equilibrated in above buffer 

The glycoprotein fraction (Con A II) is eluted with the second 

buffer, 0.05 M Tris-HC1, PH 7.7,0.5 M NaCl, 0.1 miki dithiothreitol, 

0.15 -methyl-D-glucoside 

Con A II 

Chromatographed on Sephadex G-75 equilibrated in buffer 

0.05 M Tris-HC1, pH 7.7,0.15 M NaCl, 1.0 mM disodium EDTA 

0.1 mM dithiothreitol 

G-75 I+ G-75 II 

The G-75 II contains the gonadotropic activity 
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Identification of gonadotropin 

During the extraction and purification proceduresl crude pituitary 

extract is applied onto the column, and separate fractions are. collected 

as the components pass through the column. The presence of biologically 

active gonadotropin in the fractions is determined by using an appropriate 

bioassay. However, two problems arise: 

(i) The role of the putative gonadotropin is not known, so that it is 

difficult to know what property to test for. A hormone whose function 

is, say, to control vitellogenesis may have no effect on a bioassay which 

depends on the ability of the tested hormone to elicit ovulation, but the 

hormone may still be gonadotropic. 

(ii) Immune responses may inhibit heterologous bioassays. 

Various bioassays have been used in order to identify the gonadotropic 

fraction(s), these are divided into two types, in vivo and in vitro bioassays. 

1.3.1. In vivo techniques: 

(i) Response of the female mouse reproductive tract. 

Otsuka (1956), demonstrated the presence of both luteinising and, 

follicle stimulating activities in the pituitary extract from chum salmon 

(0. keta) by injection of partially purified pituitary fractions into 

immature female mice. The injection of some fractions caused the formation 

of corpora luteas and injection of some other fractions increased the ovarian 

weight and accelerated the growth of Graafian follicles. 
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(ii) Goldfish testicular hydration assay 

Clemens et al. (1964), partially characterised carp (C. carpio) 

pituitary extract by injecting the extract into goldfish. The water content 

of the testes increased when the fish was injected with pituitary extract. 

(iii) Testiculargrowth responsein immature trout 

Schmidt et al. (1965), characterised the pituitary extract from adult 

Pacific salmon (0. tshawytscha) by injecting the extract into young male 

trout. The weight of the testis in immature male trout increased in response 

to the injection of the pituitary extract. 

(iv) Spermiation response of hypophysectomised goldfish 

Yamazaki and Donaldson (1968a), used spermation of goldfish (C. auratus) 

as a bioassay for salmon gonadotropin. Spermiation in hypophysectomised 

goldfish was induced when the fish was injected with the salmon pituitary 

extract. 

(v) Augmentation of radiophosphate uptake by the Chick testis 

This bioassay is based on the uptake of radiophosphate by the testes 

of 1-day-old chick (Florsheim et al., 1959; Brenemen et al., 1962; Follett 

and Farmerg 1966). There is an increase in the rate of uptake of radio- 

phosphate by the testis of day-old chicks, when the chick is injected with 

pituitary extracts (Donaldson et al., 1972; O'Connor, 1972). 



1. In vitro techniques 

(i) Leydig cell testosterone production 

van Damme et al. (1974), characterised the pituitary extract by its 

effect on Leydig cells from mouse testes. There was an increase in the 

testosterone production by the Leydig cell preparations from mouse testes, 

when the preparation was incubated with the pituitary-extracts. 

(ii) The ovarian-free cholestrol depletion in vitro 

Mukherjee et al. (1981) have shown that free cholesterol in the ovary 

of a teleost (murrel, Channa punctatus Bloch) became depleted when the 

ovarian tissues containing mature oocytes were incubated with pituitary 

gonadotropin fraction. This bioassay, which can, be used to locate the 

gonadotropic fraction in a pituitary extract, is very sensitivet and very 

rapid (it takes only 10 hours to complete the whole procedure). 

(iii) Maturation of oocytes. 

Oocyte maturation is induced when isolated intra-follicular oocytes 

are incubated in a culture medium which'contains mammalian glycoproteins 

or fish glycoprotein(s) (Coswami and Sundararaj, 1971; Hirose, 1971; 

Jalabert et al., 1974). The criteria of oocyte- maturation are the breakdown 

of the germinal vesicle and ovulation, the emergence of the ovum from its 

follicle.. A particularly convenient species to use for this bioassay is 

the medaka (Japanese ric'e-fish) Oryzias latipes,, since during the breeding 

season it has a circadian cycle in which oocyte maturation and ovulation 

occur daily, in response to photoperiodic stimulation (Robinson and Rughs 
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1943; Egami, 1954; Hirose, 1971; Iwamatsu, 1974). Oocytes removed from 

the fish prior to the release of the maturational hormone do not mature, 



54 

but can be induced to do so by incubating them with-(teleost)'g'onadotropin. 

This bioassay -is used in the-present project to assay the gonadotropic 

potency of powan pituitary extracts. 

Cyclic AW (adenosine 3', 5'-cyclic phosphate) levels in gonadal 

tissues 

That gonadotropins increase cyclic AMP production in gonadal tissue 

has been demonstrated in a variety of species. March (1972) and Mason 

et al. (1973) observed such an increase in the gonads of rabbits and rats 

after treatment with mammalian gonadotropins. In teleosts, Fontaine 
-et 

al. (1972) demonstrated that pituitary gonadotropic extract from Pacific 

salmon and carp stimulated the production of cyclic AMP in slices of goldfish 
I 

ovary. Idler et al. (1975a) used this method to locate the gonadotropic 

fraction in Oncorhynchus keta pituitary extract, incubating the fractions 

with slices, of immature rainbow trout-(Salmo gairdneri) gonads, and deter- 

mining the cyclic AýT production. A modification of this technique is * 

used in the present project to locate the gonadotropic fractions in powan 

pituitary, extract. 

1.4. Physico-chemical nature of gonadotropin 

The presence of luteinising hormone-like gonadotropin has been demon- 

strated in Pacific salmong Oncorhynchus tshawytscha (Pierce et al., 1976); 

carpt Cyprinus carpio (Farchelidon et al., 1979); Tilapia mossambica (Farmer 

and Papkoffq 1977); rainSow trout, S. gairdneri_ (Garfink et al., 1976). 

Crim et al. (1973), using a salmon gonadotropin radioimmunoassay, observed 

a significant affinity between salmon gonadotropin antiserum and ovine 

luteinising hormone and one with ovine follicle stimulating hormone. 
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Recent-studies on the gonadotropin of carp C. carpio (Burzawa-Gerard, 

1975) and Pacific salmon (0. tshawytscha) (Donaldson et al., 1972) demon- 

strated that teleost gonadotropins are cormosed of two subunits. This 

arrangement resembles the mammalian glycoprotein hormones which likewise. 

have two ýubunits 
, alpha ( cl)- which is a co=on subunit, - and beta (01 

which is hormone-specific. 

Pierce et al.. (1976), found a cross reaction between the reduced 

S-carboxymethylated alpha subunit bovine luteinising hormone antiserum, 

and reduced S-carboxymethylated salmon gonadotropin, indicating that similar 

alpha subunits may be present in luteinising hormone-like hormones of various 

vertebrates. 

THE AIM OF THIS CHAPTER 

The aim of this section of the project was to extract the gonadotropins 

in the pituitary gland of powan, C. lavaretus, using the methods of alcoholic 

extraction followed by gel filtration and aqueous extraction followed-by 

affinity chromatography; and to identify them using the methods of in vitro 

ovulation in medaka, and cyclic AMP production in immature trout gonad. 
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MATERIAL AND NETHODS 

2.1. Collection of pituitary glands 

Pituitary glands were dissected out of mature male and female powan, 

30 - 40 cm in total length, caught on routine sampling trips as detailed 

in Chapter 1. Within one hour of removing the fish from the nets, the 

head was severed from the body immediately posterior to the operculum, 

the lower jaw reýoved, and the floor of the cranium removed with bone- 

forceps. The pituitary remained attached either to the brain, or (by connec- 

tive tissue) to the cranium, in either case it was readily recognisable, 

and it was transferred immediately to a container cooled in solid carbon 

dioxide. The pituitaries were stored at -4011C. 

2.2. Extraction procedures. 

2.2.1. Alcoholic extraction - gel filtration 

The frozen pituitary glands were homogenised in 40% ethanol for one 

minute at 40C and centrifuged at 2500 g at 40C for 30 minutes. The residue 

was extracted three more times in 110% efhanol. The supernatant liquids 

were combined and the pli adjusted to 5.2 with glacial acetic acid. The 

ethanol concentration was adjusted to 85% v/v by the addition of cold (40C) 

100% ethanol. After precipitation at 40C for 24 hours, the suspension 

obtained was centrifuged at 2500 g at 40C for 30 minutes. The resulting 

residue was diýsolved in-m small (about 1 ml) volume of 0.1 M NH 4 HCO 3 

buffer pH 8.3, and centrifuged to remove insoluble materials. 
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The supernatant was then transferried to a 70 x 0.9 cm Sephadex G-100 

column, previously equilibrated with 0.1 M NH 4 HCO 3 buffer pH 8.3. The 

fractionation was carried out at a flow rate of 12 ml per hour, and 3 ml 

fractions (50 tubes) were collected. 

The absorbance of each fraction was measured on a Beckman spectrophoto- 

meter at 280 nm. The fractions were divided into 5 groups (Fig. 1), and 

the fractions in. each group were then pooled and the protein concentration 

for each group was determined using the Folin-Lowry method (Lowry et al., 

1951) as described by Plummer (1971). These pooled fractions were then 

lyophilised. The lyophilised fractions were separately dissolved in dis- 

tilled water and a range of dilutions was prepared (e. g. 0.4,4. Op 40 and 

80 )1g/0.1 ml); these dilutions were then used in the medaka bioassay. 

2.2.1.1. Protein estimation 

The following solutions were prepared: 

1. Alkaline sodium carbonate solution (2% Na 2 CO 3 in 0.1 N NaOH). 

2. Copper sulphate CuSO 4 in 1% Na9K tartrate. Prepared fresh by mixing 

stock solutions. 

'Alkaline solution'. Prepared by mixing 50 ml of (1) and 1 ml of 

(2) on day of use. 

4. Folin-ciocalteau reagent, (B. D. H. ) diluted with equal volume of water 

on the day of use. To 1 ml of the test solution (fraction from the column) 

was added 5 ml of the alkaline solution, mixed thoroughly and allowed to 

stand at room temperature for 10 minutes. Then 0.5 ml of diluted Folin- 

ciocalteau reagent was-added-with immediate mixing-. -----After-30 minutes--the 

absorbance of the sample was read at 750 nm against the blank. 
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The blank was prepared by substituting the sample with water. 

A standard curve was also prepared using bovine serum albumin, and 

the protein concentration in each sample was determined using the standard 

curve. 

The samples were then frozen and stored at -400C until required for 

the medaka bioassay. 

2.2.2. Aqueous extraction-affinity chromatography 

Deep frozen pituitaries (about 300) were homogenised in buffer A solu- 

tion (0-05 M Tris-cl, pH 7.7,0.5 M NaCl, 0.2 mM dithiothreitol) at 40C. 

The solution was centrifuged at 30,000 g for 30 minutes at 40C, and the 

supernatant applied to the concanavalin A sepharose column (v. infra). 

The agarose-concanavlin A preparation (Axen et al., 1967; Cuatrecasas, 

1970; Dufau et al., 1972) was carried out as follows: 50 g of washed 

Sephadex B6 was suspended in 40 ml of distilled water and activated by 

the addition of 8g of cyanogen bromide, previously dissolved in 50 ml of 

distilled water. The mixture was stirred continuously and the pH maintained 

at 11 by addition of 4M NaOH. The temperature was maintained at 200C 

±1 by the addition of ice when necessary. The reaction was completed 

in 10 - 15 minutes and consumed 6-8 ml of alkali. 

The activated sepharose was washed with 100 ml distilled water and 

500 ml of 0.1 M NaHCO 3' a7hd added to a solution of 500 mg concanavalin A 

in 40ml 1 14 NaCl further diluted with 40mi 1M NaHCO 3' The mixture was 

stirred overnight at 40C and the preparation was then washed on a sintered 

glass filter with 21 of 0.1 M NaHCO AgaroSe-concanavalin A preparations 

were stored in the buffer A solution (see above). 
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The pituitary extract was applied to a 35 x 1.0 cm column of concanavlin 

A Sepharose previously equilibrated with buffer A. The column was, eluted 

at a flow rate of 40 ml per hour until the absorbance at 280 nm of the 

eluate remained near baseline levels. The absorbed (glycoprotein) fraction 

was eluted with a second buffer solution, buffer B (0-05 M Tris-cl, pH 

7.1,0.5 M NaCl, 0.1 mM dithiothreitol, 0.15 M c4-methyl-D-glucoside). 

3 ml fractions were collected and the absorbance of each fraction was 

measured at 280 nia. The fractions eluted by buffer A and the-fractions 

eluted by buffer B were referred to as Con AI (low glycoprotein content) 

and Con A II (high glycoprotein contentY fractions respectively (Idler 

and Ng, 1979). 

The Con AI and Con A II fractions were pooled separately and lyophilised. 

Con A II was then dissolved in 2 ml of distilled water and the protein 

concentration was estimated by using the following formula: 

roteinj 144 
(A 1 cm 

-A (Segel,. 1976). 
Ip 

pg/ml 215 nm 225 nm)' 
10 

Con A II was then frozen and stored at -400C until required for use in 

the cyclic AMP bioassay. 

2.3. BIOASSAY PROCEDURES 

In vitro maturation and ovulation 

(i) Fish. The fish used were a red variety 'of medaka, Oryzias latipes, 

bought as juveAiles from a local aquarist shop', -and reared to maturity. 

Maturation and ovulation occur daily during'the spawning season in medaka 

0. latipes in response to a surge of gonadotropin whose release is stimulated 

by the start of the light phasýe of. the phptpperiod. Oo ytes taken-fro.. c 
-- 

m 
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fish prior to gonadotropin release, and maintained in vitro therefore do 

not under&o maturation and ovulation. Subsequent treatment in vitro with 

gonadotropin, howevers induces these processes. 

(ii) Aquarium maintenance. The fish were kept at 250C i 10C in a tank 

(100 cm x 40 cm x 40 cm) blacked out from normal daylight. To ensure the 

availability of oocytes at a convenient time of day, the aquarium was 

illuminated from '1500 to 0500 hours, and was in darkness during the remain- 

ing hours. The fish were fed on "Tetramin" commercial fish foodl and the 

tank fitted with an under-gravel filter. 

(iii) Bioassay. Several female fish were killed by decapitation within 

30 minutes after the beginning of the light period, i. e. before natural 

gonadotropin production (Hirose, 1971). The ovary was dissected out and 

placed in a petri-dish in medium 1119911 (with Earle's modified saltsp anti- 

biotics, L-glutamine) (Gibco Europe). Oocytes with diameter of about 0.9 mm 

were teased free from each ovary, intact within their follicles. The o; cytes 

were then placed in a series of petri-dishes (about 12 oocytes in each 

dish) each containing 3 ml of medium 1119911. Human chorionic gonadotropin 

(HCG) (Sigma Chemical Company), and various fractions of powan pituitary 

extract were added to different petri-dishes. The petri-dishes were then 

covered and gently shaken at 25*C for 18 hours. At about 1000 hours the 

following day the incubated oocytes, were examined using a Beek Greenough 

binocular microscope. Flaturation is indicated by the breakdown of the 

germinal vesiclej and ovulation by the emergence of the ovum from its 

follicle. Ovulated ova are particularly conspicuous in 0. latipes, as 

the ova are covered with hooks and "tentacles" to aid in attachment to 

vegetation (Plates 38,39). 
.... .. -------- 
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2. Cyclic AMP production in teleost gonadal tissue 

M Fish. The fish used were hatchery-reared rainbow trout, 

Salmo gairdneri, purchased from North Fife Fish Farm, Ceres, Fife. They 

ranged from 50 g to 80 g in weight, and 16 cm 11 in total length. 

(ii) Aquarium maintenance. The trout were kept in tanks (under natural 

photoperiod) with running mains tap-water (about 7*C), and fed on commercial 

fish pellets, for up to two months prior to use. 

(iii) Bioassay. The cyclic AMP radioimmunoassay kit was purchased from 

the Radiochemical Centre, Amersham, England, and the estimation carried 

out according to the instructions provided therewith. Five reagentsp 

A-E, are provided, viz: 

A, Tris/EDTA buffer 0.05 Mt pH 7.5,4 mM EDTA. 

B, binding proteinj purified from ovine muscle. 

C, [8_3H]adenosine 3', 51-cyclic phosphate. 

D, adenosine 3', 51-cyclic phosphate standard. 

E, charcoal absorbent. 

The trout were killed by concussion and the gonads rapidly dissected 

out. The gonads were placed temporaril: y on ice in a small beaker of incuba- 

tion medium: 
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(1) NaCl 11.9 

KC1 0.373 

(3) Glucose 1.08 g 

(4) CaCl2 0.333 g 

(5) VgC'2' 6H 20 0.407 9 

(6) Tris, pH 7.4 1.5 g 

(7) Na HCO 3 0.42 g 

(8) NaH PO -2H 0 242 0.069 g C> 

(1), (2), (3), (4) and (5) were dissolved in approximately 800 ml water, 

(6), (7) and (8) were dissolved separately and added sequentially thereafter. 

finally distilled water was added to make 1 litre. 

Each gonad was cut into small (2 mm x2 mm) pieces and the pieces 

from several gonads mixed, and approximately equal (50 - 70 mg) samples 

of randomised pieces were blotted dry on filter paper and weighed indi- 

vidually. 

Each of these weighed samples was placed in a 20 ml beaker containing 

1.3 ml incubation medium, and 8 mM EDTA. Samples were incubated either 

as controls, or with powan pituitary extract fractions, at 100C for one 

hour with continuous shaking. After incubation the gonad sat,, iples were 

transferred to clean beakers and frozen on solid carbon dioxide. 

The tissue was homogenized for 30 seconds with 1.0 ml of 100000 ethanol, 

and a further 1.0 ml 100% ethanol was then added. The homogenate was mixed 

on a vortex mixer, and the tubes placed on ice for 30 rainutes. The homo- 

-genate was centrifuged at 1800 g for 30 minutes at 40C. The precipitate 
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so obtained was homogenised with a further 1.0 ml of 100% ethanol: water 

2: 1, and re-centrifuged. The supernatants were combined and evaporated 

to dryness at about 550C under a stream of nitrogen. The residue was dis- 

solved in 0.5 ral of reagent A, centrifuged for 5 minutes at 1800 g to remove 

insoluble residues, and the supernatant was used in the assay, as follows: 

(1) 14 assay tubes and additional tubes for unknown were placed in an 

ice/water bath. The tubes were arranged according to the protocol in table 

(2) 150 1 buffer (reagent A) was pipetted in to tubes 1 and 2. These 

tubes were for the determination of the blank counts per minute for the 

assay. 

50 pl buffer (reagent A) was pipetted in to tubes 3 and 4 for deter- 

mination of binding in the absence of unlabelled cyclic AFT. 

50 yl of each dilution of standard was pipetted in to each successive 

pair of assay tubes (tubes 

(5) 50 pl of each unknowns was pipetted into additional assay tubes. 

(6) 50 yl of the labelled cyclic AMP (reagent C) was added to each tube. 

100 pl of the binding protein (reagent B) was added to each assay 

tube except tubes 1 and 2. 

The tubes were vortex mixed for approximately 3 seconds. 

(9) The tubes were incubated in an ice bath at 40C for 2 hours. 

(10) 100 pl of the charcoal suspension was added to all tubes, mixed and 

centrifuged within 5 minutes after addition of charcoal. 
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(11) Without disturbing the sediment, 200 pl. of sample was removed from 

each tube and placed in scintillation vials for counting, using NE250 

(Dioxan) as the scintillant. 

TABLE 

Cyclic--Aý? assay 2rotocol 

Tube No. Reagent A Sýtandard Unknowns [3H) cyclic Binding 
buffer At-? protein 

1,2 150 pl 501P1 - Charcoal blank 

3,4 50 pl 100 P1 Zero dose 

5,6 50pl 1p mol standard 

7,8 2 

go 10 -4 It 

11,12 -8 

13,14 - 16 It 

15, etc. - 50 pl Unknowns 

After counting in a scintillation counter, the results were 

calculatedl and the concentration of cyclic AW in each sample was 

determined using the cyclic AIV standard curve. 
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RESULTS" 

Extraction 

Sephadex gel filtration 

The absorbance of each of the 3 ml fractions collected by Sephadex 

gel filtration was measured at 280 nm (Table 4). -These values were plotted 

against the corresponding fractions. A major peak, and a smaller peak, 
I 

followed by several minor peaks were obtained (Fig. 9). 

Protein estimation 

The standard curve of protein and the protein concentration 

in the Sephadex column fractions 

A range of concentrations of Bovine Serum Albumin was used (Table 

5). The standard curve was prepared by-plotting the albumin concentrations 

against their corresponding absorbance at 750 nm (Fig. 10). The protein 

concentrations in the pooled fractions from the Sephadex column were cal- 

culated using the standard curve (Table 6). 

1.2. AFFINITY CHROMATOGRAPHY 

The absorbance of the fractions from affinity chromatography column 

were measured at 280 nm (Table 7) and were plotted against their corres- 

ponding fractign (Fig. 11). 
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The protein concentration in Con A II fraction was calculated as 

followso 

rotein] pg/ml 2 144 
(A 1 cm 

-A' 
cm ) IP 

215 nm 225 nm 

Therefore: 

[Con 
A II] 

,= 
144 

( 
0.09-0-05) 5.8 pg/ml 

Since lyophilised Con A II fraction was dissolved in 2 ml of distilled 

water, then the total protein concentration under the second peak 

(Con A II) would be equal to 2x5.8 = 11.6 pg. 

4.0 pg of Con A II was then used in the cyclic AýT bioassay. 

0 
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TABLE 4. 

THE ABSORBANCE OF 3 ml FRACTIONS COLLECTED FROM SEPHADEX COLUM 

(measured at 280 nm). 

Fraction 
number 

A 280 nm Fraction 
number 

A 280 nm 

1 0.02 27 0.030 

2 0.035 28 0.020 

3 0.035 29 0.030 

4 0.03 30 0.035 

5 0.70 31 0.015 

6 1.20 32 0.015 

7 0.84 33 0.01 

8 0.60 34 0.015 

9 0.270 35 0.01 

10 0.240 36 0.01 

11 0.170 37 0.01 

12 0.160 38 0.01 

13 0.095 39 0.01 

14 0.040 40 0.01 

15 0.065 

16 0.095 

17 0.025 

18 0.024 

19 0.026 

20 0.035 

21 0.050 

22 0.015 

23 0.025 

24 0.030 

25 0.025 

26 0.035 

0 



FIGURE . 

The elution ýrofile of crude extract of powan 

pituitary gonadotropin on a column of 70 x 0.9 cm of 

Sephadex G-100. The column was eluted at a rate of 12 ml/hour 

and 3 ml fractions were collected. 
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TABLE 

STANDARD CURVE OF BOVINE SERUM ALBUMIN 

A 750 nm Albumin concentrations 
mg/ml 

0.9 0.04 

1.7 0.08 

2.6 0.12 

3.5 0.16 

4.2 0.20 

TABLE 

PROTEIN CONCENTRATIONS IN THE POOLED FRACTIONS FROM THE 

SEPHADEX COLUMN 

Fraction number 

A (5 9) 

B (10 14) 

C (15 18) 

S (19 22) 

E (23 30) 
1 

Total protein concentration (mg) 

2.3 

0.30 

0.19 

0.12 

0.10 



FIGURE 10. 

The standard curve of the protein was prepared using 

the method of Lowry et al. (1951). 

(Various concentrations of bovine serum albumin are 

plotted against their corresponding absorbance 

at 750 nm). 
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TABLE 7. 

ABSORBANCE OF 3 ml FRACTIONS COLLECTED FROM AFFINITY 

CHROMATOGRAPHY COLUMN (measured at 280 nm). 

Fraction A 280 nm, Fraction A 280 nm Fraction A 280 nm 
number number number 

1 0.00 26 0.00 51 0.03 
2 0.00 27 0.00 52 0.015 
3 1.40 28 0.00 53 0.005 
4 1.10 29 0.00 54 0.000 
5 0.25 30 0.00 55 0.000 
6 0.07 31 0.00 56 0.000 
7 0.03 32 0.00 57 0.000 
8 0--'015 33 0.00 58 0.000 

9 0.005 34 0.00 59 0.000 

10 0.00 35 0.00 60 0.000 

11 0.00 36 0.00 61 0.000 

12 0.00 37 0.00 62 0.000 

13 0.00 38 0.00 63 0.000 

14 0.00 39 0.00 64, 0.000 

15 0.00 40 0.00 65 0.000 

16 0.00 41 0.00 66 0.000 

17 0.00 42 0.00 67 0.000' 

18 0.00 43 0.00 68 0.000 
19 0.00 44 0.00 69 0.000 
20 0000 45 0.00 70 0.000 
21 "0.00 46 0.00 72 0.000 
22 0.00 47 0.00 72 0.000 
23 0.00 48 0.00 73 0.000 

24 0.00 49 0.00 84 0.000 
25 0.00 50 0.00 75 0.000 

Buffar IBI added. 



FIGURE 11_ 

The elution profile of pituitary aqueous homogenate 

from a 35 x 1.0 cm column of Con A Sepharose. 

Fractions of 3 ml were collected at a flow rate 

of 40 ml/hour. 
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2. Bioassays 

2.1. In vitro maturation and ovulation 

43 per cent of the oocytes of medaka (0. latipes) ovulated when they 

were incubated with human chorionic gonadotropin (H. C. G. ), but no ovulation 

occurred amongst the oocytes that were incubated with different concentra- 

tions of various fractions collected from the Sephadex gel filtration column 

(Table 80 plates, *38 and 39). 
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TABLE 8. 

THE EFFECTS OF HUMAN CHORIONIC GONADOTROPIN AND POWAN PITUITARY 

FRACTION (from Sephadex column) ON in vitro OVULATION OF ýEDAKA 

OOCYTES IN 3 ml MEDIUM. 

Number of oocytes Number of eggs Percentage of 
ovulated ovulation 

Control (H2 0) 10 0 0 

HCG 100 1 U/3 ml 14 6 43 

Fraction A 12 0 0 

it B 12 0 0 

if C 12 0 0 

It D 12 0 0 

of E 12 0 0 



2.2. Cyclic AW production 

Immature trout gonads were incubated with Con A II fraction (sample), 

and with distilled water (control). The cyclic AW standard curve was 

prepared (Fig. 4), and the concentrations of cyclic AW in the sample and 

the control were calculated to be equal to 7.4 and 1.4 p mole/100 mg of 

tissue respectively. 

CALCULATIONS 

(1) The counts per minute for each pair of duplicates were averaged, 

and the blank counts per minute (tubes 1 and 2) were subtracted 

from the counts per minute of all the remaining tubes. 

(2) If the counts per minute bound in the absence of unlabelled cyclic 

Aý? (tubes 3 and 4) is called Co, and the counts per minute bound 

in the presence of unlabelled cyclic ANT (all the remaining tubes) 
CO 

is called Cx, then the / Cx values for the remaining tubes (standards 

and samples) could be calculated (Table 

The standard curve was prepared by plotting the 
CO / Cx values against 

their corresponding concentrations (Fig. 12). 

The concentrations of cyclic AW in the unknowns (sample and 

control) could then be read off the standard curve, and the results 

were expressed as P mole cyclic AMP per 100 mg of tissue (Table 10). 
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TABLE 9- 

CYCLIC AMP STANDARD CURVE 

Tube no. Counts Average Average 
Co /Cx Standard 

per a. p. m. c. p. m. - blank cyclic AMP 
minute P mole/tube 

(C. P. M. ) 

1 447.6 
461.1 - - 

2 474.7 

3 5320.6 
5408.9 4947.0 1.00 

4 5495.6 

5 3441.2 1ý7 
3348.9 1887.8 0.17 1.0 

6 3256.6 

7 2252.2 
2423.7 1962 .6 0.252 2.0 

8 2595.3 

9 2032.3 
2001.3 1546'. 2 0.32 4. o 

10 1970.4 

11 1411.7 
1376.1 915.0 0.54 8. o 

12 1340.6 

13 10329 
1032.3 571.2 0.87 16.0 

14 10318 



FIGURE 12. 

The cyclic AMP standard curve (various concentrations 

of the standard, are plotted against their corresponding 

Co /Cx values). 



4ýk. 

C, 

V 
30, 
0 

cr 

(31 

010 
x0 

0- 
" th o 



74', 

TABLE 10. 

THE EFFECT OF Con A II FRACTION FROM THE AFFINITY CHROMATOGRAPHY 

COLUN14 ON CYCLIC AMP CONCENTRATION IN IMMATURE TROUT GONADS. 

Cyclic AFP concentration P mole/100 mg tissue 

Control (H 
2 0) 1.4 

Con A 11 (4.0 )ig) 7.4 
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DISCUSSION 

The in vitro maturation method using medaka is very convenient and 

simple to enploy, and it is therefore regrettable that it failed to respond 

to (presumed) powan gonadotropin. 'It may be that species specificity is 

involved. Jalabert et al. (1973) using the maturation of immature rainbow 

trout oocytes as a bioassay, achieved 100% ovulation when incubating in 

trout or salmo gonadotropin, but only 26% when goldfish (C. auratus) oocytes 

were treated with carp (Cyprinus carpio) pituitary extract. Oryzias__latipes 

(Cyprinodontiformes) is not closely related to Coregonus (Salmonidae). 

An additional minor problem is the seasonality of reproduction in medaka; 

unless steps are taken to manipulate environmental timing cues, suitable 

oocytes are only available in spring. 

The alternative possibility that powan pituitary gonadotropin might 

have been denatured during the alcoholic extraction procedurej prompted 

the use of the aqueous extraction followed by affinity chromatography. - 

The Con A II fraction from the affinity chromatography column stimu- 

lated the production of cyclic AMP in the trout gonads by more than 5times. 

Unfortunately it was not possible to test the effect of Con A II fraction 

on the oocytes of medaka, because by the timethe Con A II fraction was 

ready$ the period of maturation-ovulation and spawning in medaka was over, 

and no oocytes of appropriate size (more than 0.9 mm. in diameter) were 

available. 
I 

The ideal bioassay would be based on powan inaterial throughout. An 

attempt was made to collect immature powan gonads for either oocyte matura- 

tion or cyclic AýT assay. This plan failed because juvenile powan are 

very rarely caught with the methods available to the author. However, 
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stocks of one-year old laboratory-reared powan, bred from ova artificially 

fertilised in January, will soon be available and it is hoped that they 

will be used in the future. 

In summary it is evident that, following both the standard extraction 

systems, pituitary extracts from powan show the same content as other 

salmonids. Gel filtration on Sephadex G-100 showed similar patterns to 

that obtained from salmon pituitary (Donaldson et al., 1972), and the pattern 

obtained from affinity chromatography column is similar to that obtained 

for chum salmon (0. keta) (Idler et al., 1975b), and the Con A II fraction, 

as would be expected, elicited response in the cyclic AMP bioassay, this 

also shows that powan gonadotropin is a glycoprotein (the ability to be 

retained on Con A Sepharose column). 

I 
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HAPTER 

THE MEASURDENT OF GONADOTROPIC HORMONE OF P(MAN 

1. INTRODUCTION 

1.1. Cytological criteria. 

The first attempts to monitor pituitary activity depended on studying 

changes in the cytology and histology of the gonadotropic and other cells 

of the pituitary (Boar, 1969; Robertson and Wexler, 1962; van Overbeeke 

and McBride, 1967). Staining reactions are notoriously unreliable, however, 

and their interpretation is liable to subjective interpretation. Attempts 

to make such observations more objective, e. g. by measurement of cell dimen- 

sions have not proved wholly satisfactory when objectively tested by direct 

comparison of circulating hormone levels with cytological criteria (Scott 

and Rennie 1980). 

1.2. Bioassay. 

Later the assessment of gonadotropic potency of biological materials 

in teleosts was based on bioassays, such as those detailed in Chapter 3. 

The hypothetical advantage of bioassays is that'they can measure the actual 

physiological process which the hormone normally mediates, so that they 

reflect the actual functional potency of the hormone. 

Biochemical assays detect the presence of a chemical in tissue (or 

blood) and als, o give some indication of its concentration, without neces- 

sarily relating it to any biological role. This hypothetical advantage 

of bioassay is more apparent than real, since it only applies where the 

assay is carried out on tissue from the same species as the gonadotropinj 
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and in cases where the process ineasured is proved to be physiologically 

influenced by the gonadotropin in question. Otherwise the bioassay is 

merely estimating the potency of an extract in stimulating a reaction of C.. I 

which, in normal circumstances, it may have no relevance. Bioasays have 

two overwhelming disadvantages: 

(a) It is necessary to provide uniform substrate Material at all times 

of year (particularly difficult in annually spawning teleosts). 

(b) Bioassays are insensitive to very small doses of hormone. 

Radioimmunoassay (RIA). 

RIA is capable ofmeasuring picograir. quantities of hormones. This 

sensitivity is particularly important in the study of relatively small 

experimental species, such as powan, with but little blood or other tissue 

available. RIA currently provides the most sensitive method for deter- 

mining gonadotropin concentration (Niswender, et al., 1969). It was first 

employed (for the measurement of plasma insulin) by Yalow and Berson (1960), 

and has since been used for measuring many different hormones, including 
I 

gonadotropin (Kirkham and Hunterp 1971: Hunter, 1978b). 

1. Principles of RIA. 

The principle of RIA is based on the ability of radioisotope-labelled 

and unlabelled hormone (the antigen) to compete equally effectively for 

binding sites oý specific antibodies against that particular hormone. 

This competitive inhibition involving a, unit antigen and its specific anti- 

body can be summarised as follows: 
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Ag + Ab . 4-* Ag 
,- 

Ab 

+ 

(Ag 1, - Ab ) 

where Ag and Ag are'respectively the labelled and unlabelled antigens; 

Ab the specific antibody; (Ag Ab) the labelled antigen-antibody couplex 

and (Ag-Ab) the unlabelled antigen-antibody complex. The binding of 

labelled antigen to the antibody is inhibited by the presence of unlabelled 

antigen. The more unlabelled antigen in the standard or unknown, tile less 

labelled, antigen will be able to bind to the antibody. To measure the 

degree of inhibition of binding of labelled antigen, it is necessary to 

separate the antibody-bound labelled antigen from the free labelled antigen. 

There are several methods of separation (Radcliff, 1974). They include: 

adsorption systems, using paper or activated charcoal as the adsorbent 

material; ion exchange systems; ultrafiltration; 'gel filtration; and precipi- 

tation of the bound moiety while leaving the free-in solution. The double- 

antibody_ method used in this study is a development of this last method. 

It depends on the finding that the antigenic site (or sites) for antibody 

are separable from its antibody sites Thus an antibody molecule can form 

a complex with a second antibody. The double antibody (D. Ab) method 

operates as follows: 

Ag Ab' + Ag Ab + Ag + Ag + D. Ab '-0- Ag Ab D. Ab + AS Ab D. Ab + A(ojj + AS . 

The antigen-antibody-double antibody complex is such a large molecule that 

it tends to precipitate out of solution, on centrifugation. However in 

radioimmunoassays, the antibody-antigen complex is too dilute to be 
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precipitated, but it is possible to build up a sizeable lattice which 

includes the antibody-antigerT complex, and which can be precipitated. 

This lattice is built up by first adding carrier non-immune serum belonging 

to the same species as the first antibodyq followed by an antiserum raised 

in a second species to the Y-globulin of the first antibody. The percen- 

tage bound is determined by relating the radioactivity present in this 

precipitate to that present before centrifugation (Hunter, 1978b). 

1.3.2. The principles of iodination. 

The radioimmunoassay requires a radioactively-labelled form of the 

hormone, which must be identical, with the natural (unlabelled) hormone 

in terms of its binding characteristics. The radioisotope of choice for. 

peptide and protein hormones is 
125 1, because it has a longer half life 

than 
131 1, which can be introduced by substitution into the tyrosyl residues 

of protein: 

1 12 chloramine-T +Hl 

The pH of the reaction is just 'on the alkýline side of , -' 
neutrality ' 

(pH 7-5), 'which ensures the formation of a chemically stable labelled 

protein., The iodine which is incorporated into the tyrosyl residue is 

produced by oxidation of iodide. Various oxidisine; agents have been used, 

including persulphate, iodate, nitrate and chloramine T. The last method 

is'almost universally used for the radioiodination of proteins and poly- 

peptides (Greenwood et al., 1963; Kirkham and Hunter, 1971). V 
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Chloramine-T is the sodium salt of the N-monochloro-derivative of 

p-toluene sulphonamide. 
c 

1 Na+, 1[ CH 3 '<ýý S02 - N-Cl 
]- 

In aqueous solution it slowly yields hypochlorous acid and hence is 

a mild oxidising agent. The incorporation of jodine into the protein is 

achieved by addition of chloramine-T into a slightly alkaline aqueous solu- 

tion of protein and iodide (Hunter, 1978bl 

Radioimmunoassay of teleost gonadotropin. 

While radioimmunoassays are commonly used for measuring gonadotropins 

in the higher vertebrates, such developments have lagged behind in the 

field of fish physiology for several reasons. It was only recently that 

successful purification of a teleost gonadotropin was achieved usinE; 

pituitary materials from the carp, Cyprinus carpio (Burzawa-Gerard, 1971). 

the Chinook salmon Oncorhyncus tshawytscha (Donaldson et al., 1972), the 

chum salmon Oncorhynchus_keta (Idler et al., 1975a, b) and the rainbow 

trout, Salmo gairdneri (Breton et al., 1976). Usually only small quantities 

of the supposedly purified hormone are obtained and they may be insufficient 

to produce antisera if milligram quantities are required for immunisation. 

Crim et al. (1973) raised an antiserum against Chinook salmong 

(0. tshawytscha') gonadotropin following 4 weekly subcutaneous injections 

of 2 mg of salmon gonadotropin in rabbits, while Breton et al. (1973), 

obtained an antiserum against carp, (Cyprinus carpio) gonadotropin in a 

guinea pig injected with 5 injections of 250 )1g at 15 - 20 day intervals. 



1.5. AIM OF THIS SECTION OF THE PROJECT 

In order to measure powan gonadotropin, an homologous radioimmunoassay 

system was initially aimed at. Later, however, it was realised that it 

would not be feasible to obtain adequate supplies-of fish, since no activity 

was found in any of the fractions from the alcoholic extraction technique 

(Chapter 3), and the techniques used by Idler et al (1975b) and Breton 

et al. (1976) would require about 2000 and 6000 powan respectively in order 

to produce 3 mg pure gonadotropin. It was then decided to prepare a hetero- 

logous radioimmunoassay system. 

Since the main aim of this project was to compare gonadotropin secre- 

tion rate with reproductive progress, absolute values were not essential. 

If'the concept of heterologous assay is applicable to teleost gonadotropin, 

then relative concentrations at different seasons should be determinable. 

82 
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MATERIALS AND METHODS 

1. Preparation of 
125 I-labelled luteinising hormone (the label) 

Luteinising hormone was labelled with Na 
125 

1 according to the commonly 

used chloromine-T method (Hunter, 1978bl All the reactions were carried 

out at room temperature (10 - 200C). 

Faterials 

(1) Buffer: 0.25 M phosphate buffer pH 7.5. 

10 g NaH 2 PO 4,2H 20 was dissolved in 100 ml of distilled waterl and was 

made up to 1.7 litre by adding distilled water. 57 g Na 2 HPO 4 anhydrous, 

was dissolved in 200 ml of distilled water, with gentle heat, and slowly 

added to 1.7 litres. The solution was then made up to 2 litres, pH 7.4-7.6. 

(2) Diluent: 0.05 M phosphate buffer pH 7.5; 2% horse serum. 

200 ml of 0.25 M phosphate buffer was mixed with 20 ml of horse serum, 

and made up to one litre by adding distilled water. 

Radioactive iodine (Na 125 1): ME 30s Radiochemical Centre, Amersham). 

Sephadex G-50 fine, 1.0 g (Pharmacia Fine Chemicals). 

(5) Standard luteinising hormone (N. I. B. S., LH 68/40. Mill Hill, London). 

The following solutions were freshly made (just prior to use): 

(6) Chloramine-T: 50 mg'in 25 ml of 0.25 M phosphate bufferg pH 7.5. 

Cysteamine hydrochloride: 10 mg in 25 ml of . 05 M phosphate buffer, pH 7.5. 

(8) Potassium iodide: 250mg in 25 ml of 0.05 M phosphate buffer, pH 7.5. 
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(ii) Procedure 

(1) 3, pg of protein (luteinising hormone) in 10 pl of 0.25 M phosphate 

buffer pH 7.5, was added to a plastic test tube (Sarstedt, 55.478), followed 

by the addition of-5 pl-Na 
125 1 (1 mci/10, ul). 

(2) Then 10 pl of chloramine-T solutionwas added. and the mixture was 

agitated for 10 seconds. 

(3) Then 100 pl of cysteamine hydrochloride solution was added, and the 

contents were mixed. 

(4) Then 10 pl of potassium iodide solution was added and the volume was 

made up to 1.0 ml with 0.05 M phosphate buffer pH 7.5. 

The reaction mixture was then transferred to a (20 cm x 1.0 cm) column 

of Sephadex G-50 which had been previously washed with 0.05 M phosphate 

buffer pH 7.5, containing 2% horse serum (diluent), followed by 0.05 M 

phosphate buffer PH 7.5. 

(6) The sample was eluted using 0.05 M phsophate buffer pH 7.5. 

1.0 ml fractions were collected, and these fractions were counted 

on a gamma counter (Nuclear Enterprises 8312 Scintillation counter optimised 

for 
125 

1). 
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2.2. Preparationý of antibody 

The production of antibody has been described in Chapter 2. Blood 

samples were taken from the marginal ear vein of the rabbit and were allowed- 

to clot at 370C for 2 hours; the clot was left overnight at 40C, and was 

then removed and the serum was centrifuged at 1800 g for 10 minutes. Aliquots 

of 0.5 ml were transferred into plastic containers and kept, fr9zen at -400C 

until required. 

The second, antibodyý used for -precipitating- the bound from, the free - 

labelled hormone was a commercial preparation of donkey anti, rabbit ý 

Y -globulin serum (Wellcome Reagents Ltd., -Beckenham, Kent) used at a final 

concentration of 1: 170 per assay tube throughout the assays, and the carrier 

protein (non-immunised rabbit serum) was used at a final concentration 

of 1: 2500 per assay tube throughout the assays. 

2.3. Assessment of the avidity of the antibody 

The antibody produced against the luteinising hormone has to be tested 

for its quality, since the-use of a poor quality antibody results in lower- 

ing the percentage binding and causes a decrease in the assay sensitivity. 

Therefore an antibody dilution curve was prepared in order to find the 

best dilution of antibody for use in the assays. The procedure was as 

follows: 

(a) 0.2 ml antibody (various concentrations see Table 13) was added to 

a test tube fo 
. 
llowed by 0.1 ml label ( 125 I-luteinising hormonel 100 pg/tube). 

The contents were mixed and incubated at room temperature for 24 hours. 

(b) 0.1 ml non-immunised rabbit serum, and 0.1 ml donkey anti rabbit- 

-globulin serum, were added to the tube, mixed and the tube was incubated 

for 16 hours at 40C. 
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(c) 2 ml of diluent (0-05 M phosphate buffer PH 7.5l 2% horse serum) were 

added to the tube, and centrifuged at 2500 g for 30 minutes at 40C. 

(d) The supernatant was decanted and the tubes were placed in the scintilla- 

tion-counter and counted. 

2.4. Test of iodinated antigen (the lab'el) and preparation of the standard 

curve for luteinising hormone 

It is important to ensure that the iodinated antigen behaves in the 

same manner as the un-iodinated antigen. , -It is, possible that the addition 

of an iodine atom might alter the configuration of the antigen such that 

it does not bind to the antibody as well as the un-iodinated antigen. 

To test whether the iodinated antigen (the label) was damaged or not, 

a standard curve for the iodinated antigen (the label) was prepared, and 

at the same time a standard curve for un-iodinated antigen (standard 

luteinising hormone) was also prepared. The procedures were as follows: 

2.4.1. Standard curve for iodinated antigen 

(1) 0.1 ml-iodinated antigen (various concentrations, Table 15), was'added 

into a test tube followed by 50 pl Ailuent (0.05 PI phosphate buffer pH 

7.5,2% horse serum) and 50 jil antiserum. The contents were mixed and 

incubated at room temperature for 24 hours 
I 

(2) 50 pl of non-immuni6ed rabbit serum and 350 pl of donkey anti-rabbit 

')(-globulin serum were added to the test tube, mixedl and the tube was 

incubated for 16 hours at 40C. 
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2 ml of diluent (0-05 M phosphate buffer pH 7-5l 21/10 horse serum) was 

added to the tube, and centrifuged at 2500 9 for 30 minues at 40C. 

The supernatant was decanted and the tubes were placed in the scintil- 

lation counter and counted. 

2.4.2. Standard euve for luteinising hormone 

A protocol. for the preparation of the standard curve is shown in Table 

ii. 

(1)100 pl of the standard luteinising hormone (various concentrations, 

Table 15), was added into a test tube followed by 50 ml antiserum; mixed 

and incubated at room temperature for 16 hours. 

(2) 50 pl of iodinated antigen (initial concentration of 100 pg) was added 

mixed and incubated at-room temperature for 8 hours. 

50p non-immunised rabbit serum (NIRS) and 350 pl donkey anti rabbit 

V -globulin serum (DARS) were added mixed and incubated at 40C for 16 

hours. 

(4) 2 ml of diluent (0.05 M phosphate buffer pH 7.5,2% horse serum) were 

added and centrifuged at 2500 g for 30 minutes at 40C. 

The supernatant was decanted and the tubes were placed in the scintilla- 

tion counter and counted. 
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TABLE 1 

Protocol for the preparation of the standard curve for 

mammalian luteinising hormone. 

Reagent Standard Blank Zero Counting 
standard standard 

Standard 100)11 - 

Buffer - 150 pl 100, Ul 

Antiserum 50 ill - 50 pl 

Label 50 pl 50 pl 50)11 50 pl - 

NIRS 50 pl 50 ul 50)11 

DARS 350 pl 350 P1 350)11 

In order to determine the time for counting the tubes, the counting 

standard (i. e. 50 pl label) was counted for 10,000 counts., , 
The time so obtained was then set on the counter and the rest of 

the tubes were counted. 
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2.5. Sensitivity of the assay 

To test the ability of the assay to detect changes in the gonadotropin 

levels in the powan pituitary, two dilutions (1: 1 and 1: 2) of powan pituitary 

extract were prepared and assayed. In addition, 100, pl aliquots of powan 

serum were also assayed. 

2.6. Estimationof powan pituitary gonadotropin 

The homogenates of both male and female powan pituitaries (about 50- 

of each sex, with sexes being kept separate) which were collected at monthly 

intervals for over 12 months were assayed for the presence of gonadotropin. 

The procedure was as follows: 

(1) Both male and female powan pituitaries were separately homogenised 

in 0.01 M phosphate buffer pH 7.5, using a glass-teflon homogeniser. 

(2) The homogenate was centrifuged at 2500g for 15 minutes at 40C. The 

supernatant was transferred to a test tube placed in an ice bath. 
I 

(3) The homogenisation was repeated, and the combined supernatant (total 

volume 1.0 ml) was divided into 100 pl aliquots, frozen on solid carbon 

dioxide and stored at -400C until required. 

To 100 pl of the above homogenate (powan pituitary extract) were added 

50 ul antiserum, mixed and incubated at room temperature for 16 hours. 

(5) 50 pl of iodinated Antigen (initial concentration 100 pg) was added, 

mixed, and incubated at room temperature for 8 hours. 

(6) 50, ul non-immunised rabbit serum (NIRS) and 350 pl donkey anti rabbit 

-globulin (DARS) were added mixed and incubated-at 40C for 16 hours. 
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(7) 2 ml of diluent(O-05 M phosphate buffer pH 7.5,2% horse serum) was 

added and centrifuged at 2500 g for 30 minutes at 40C. 

The supernatant was decanted and the tubes were placed in the scintil- 

lation counter and counted. 

2.7. Calculations 

To express the assay resultsl 2 tubes containing no antibody and no 

hormone (blanks) and 2 tubes containing antibody but no hormone (zero stan- 

dards) were incubated together with duplicate tubes containing known, amounts 

of hormone. Counts of precipitates from the blank tubes were subtracted 

from all other tubes. In tubes containing no hormone (zero standards), 

the quantity of labelled hormone bound was taken to represent 100% binding 

and all other results were expressed as a percentage of this figure. 

If the data obtained were as follows: 

Blank (non-specific binding) 

mean counts/minute =a 

zero standard 

mean counts/minute = 
16 

unkown/known samples 

mean counts/minute =x 

Then I 

(1) The non-specific binding count is a c. p. m. 

(2) The 100% binding value = (b - a) c. p. ra. 

x-a binding of the sample `2 ý --a X 1000 
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RESULTS 

125 1. Preparation or I-labelled-luteinising hormone 

Two peaks were obtained in the graph of fraction versus counts 

(Table 12, fig. 13). The first peak is called the protein peako and contains 

the labelled antigen, the second peak is referred to as the salt peak 

and contains some damaged materials plus free iodine. The fraction con- 

taining the highest counts in the first peak (the protein peak), was chosen 

and the concentration of the labelled antigen was adjusted to 2 ng/ml, 

using phosphate buffer 0.05 M PH 7.5.50 pl quantities of the labelled 

125 
antigen (containing 100 pg I-luteinising hormone) were used per tube 

throughout the assays. 

2. Assessment of the avidity of the antibody. 

A graph of antibody concentrations versus percentage bound was plotted. 

This antibody which was obtained from the rabbit after one booster injec- 

tion, gave very poor binding even at concentration as high as 1: 2000 

(Table 13, Fig. 14). 

Unfortunately the rabbit died shortly after the second booster was 

given. At this stage of the project another antibody (F 87) which was 

produced against mammalian luteinising hormone (antiserum F 87 was a 

gift from Prof. V1. Butt, Birmingham, through Dr. W. M. Hunterg Edinburgh) 

was employed. This antibody has been shown to give a good response; even 

at final dilution of 1: 4 x 10 
6 

it gave about 25% binding (Table 149 Fig. 

This antiserum F 87 was therefore used at a final concentration 

of 1: 4 x 10 
6 

per tubel throughout the assays. 
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TABLE 1 2. 

Preparation of 
125 I-labelled luteinising hormone 

Tube number 

1 
2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Number of counts/minute 

1 

3 

2 

7 

2 

3 

5 

26 

576 

1727 

1304 

620 

323 

215 

303 

136 
4108 

10871 

7250 

3586 

1213 

549 
179 
61 

L. 
0 

4-4 

4.3 
M0 

S. 
0 

4-4 

U) 

0 

010 
0 

. r: Q) 

Z4- 

Total = 5094 

Total = 27908 



FIGURE 1 3. 

Graph of fraction against counts of 
125 I-labelled luteinising hormone. 
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TABLE 13 

Dilution curve for the antibody obtained from the rabbit 

after one booster injection. 

Antibody concentration Percentage binding 

/2000 14.7 

/4000 13.0 

/8000 11.9 

/16000 10.9 

1 /32000 7.7 



I I 

FIGURE 14 

Dilution curve for the antibody obtained from the 

rabbit after one booster injection. 
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TABLE 14 

DILUTION CURVE FOR THE ANTISERUM F 87 

Antibody concentration Percentage binding 

1/1.0 
x 105 79.5 

1 /2.0 x 105 77.0 

1 /4.0 x 105 70.0 

1/8.0 
x 105 59.0 

1/1.6 
x 106 45.0 

1 /3.2 x 10 6 30.0 

1 /6.4 x lo 6 14.5 

1 /1.28 x 107 6.0 

. 

- t. --- -------- - -.. -- -- 



FIGURE 15 

Dilution curve for antiserum F 87 

(Courtesy of W. M. Hunter). 
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Standard curves for labelled and unlabelled antigens 

The percentage bound of various concentrations of both 
125 I-luteinis- 

ing hormone, and standard luteinising hormone, were calculated (Table 15). 

The two curves of iodinated and un-iodinated anigen, were plotted on the 

same graph paper (Fig. 16). The two curves were clearly superimposables 

indicating that the iodinated antigen was not damaged. 

0 
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TABLE L5 

STANDARD CURVES FOR IODINATED AND UN-IODINATED ANTIGENS. 

Concentration bound for iodinated % bound for un-iodinated 
antigen antigen 

0.2 mu -. 56.0 55.0 

o. 4 53.0 53.0 

0.8 48.5 48.0 

1.6 39.0 37.5 

3.2 28.5 26.5 

6.4 17.5 

12.8 11.0 

t 



FIGURE 16 

Standard curves for iodinated (o ) 

and un-iodinated (o ----- ) antigens, using the 

antibody F 87. 
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4. Sensitivity of the assay. 

Two different dilutions of powan pituitary extracts were assayed, 

and the concentration of gonadotropin in each dilution was calculated 

(Table 16). It can be seen that when the sample is diluted by half, the 

gonadotropin concentrationalso decreased by about 50 percent. The results 

indicate that the assay is sensitive enough to distinguish between different 

concentrations of gonadotropin. 

There was no detectable amount of gonadotropin in the powan serum. 
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TABLE 16 

SENSITIVITY OF THE ASSAY. 

Sample Dilution Concentration of GTH (mu/g) 

Pituitary extract 1: 1 4.5 

1: 2 2.5 
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3.5. Estimation of powan pituitary gonadotropin 

The concentration of gonadotropin for each sample was determined, 

and the results are expressed as milliunitsof gonadotropin per gram 

of tissue (Table 17). (One milliunit is equivalent to 100 pg of the stan- 

dard luteinising hormone. ) 

In male powan the gonadotropin concentration was at its lowest levels 

in July (about 2 mu/g). The concentration then'started to rise gradually 

reaching a maximum of about 11 mu/g in November. After spawning, gonado- 

tropin levels declined, with some fluctuations, until July. (Fig. 17). 

In female powan, as in male, the gonadotropin concentration was at 

its lowest level in July (about 4 mu/g). This level gradually increased 

and by November a value of about 8 mu/g was reached. After spawning, 

gonadotropin concentration continued to increase and, with some fluctuationt 

highest levels were attained in April. Then the gonadotropin concentraiion 

fell, until July (Fig. 18). 
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TABLE 17 

SEASONAL VARIATIONS IN THE POWAN PITUITARY GONADOTROPIN. 

Pituitary gonadotropin concentration (mu/g of tissue) 

Date Male Female 

Mean S. D. n5 Mean S. D. n5 

16 Jan. 1980 12.8 0.70 10.1 0.45 

28 Feb. 15.6 1.79 11.2 0.35 

28 Mar. 12.0 0.60 10.7 0.44 

16 Apr. 9.1 0'076 13.2 0.45 

- May - - - 

19 June 6.2 o. 43 6.2 0.52 

28 July 2.3 0-2,7 4.5 0-37 

21 Aug. 5.9 0.45 5.1 0.35 

20 Sep. 7.9 0.29 8.3 o. 43 

- Oct. - - - - 

22 Nov. 11.2 0.68 8.9 0.45 

- Dec. - - - - 

21 Jan. 1981 9.4 0.67 9. 0.62 

20 Feb. 9.2 0.55 11.2 0.45 

19 Mar. 9.1 0.6 8.6 0.55 

25th Apr. 11.7 :L 0.66 12.8 0.52 

20 May 7.3 0.45 10.41 0.64 

1 



FIGURE 17. 

Seasonal variations in the pituitary gonadotropin 

concentration in male powan from January 1980 

to Fay 1981. 
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FIGURE 18. 

Seasonal variations in the pituitary gonadotropin 

concentration in female powan from January 1980 

to May 1981. 
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DISCUSSION ,, 

Because the radioimmunoassay used in this study was heterologous, 

it is not possible to put absolute values on the concentrations of hormones 

measured, nor is it possible to be sure with what hormones the antibody 

is reacting. The former limitation is not serious, since there is a wide 

range of cited gonadotropin concentrations, varying with species, assay 

method, experimental conditions, and even with the lake from which the 

fish were sampled (Leatherland et al., 1982). Nor is the latter limitation 

as serious as it might seem at first, since it is far from clear what 

even the most (nominally) specific homologous assays in fact measure 

(Dodd et al., 1982). It is usually reckoned that they measure "matura- 

tional" gonadotropin, Con-A II (Peter, 1981), -which influences maturation, 

and ovulationg spermiation, steroidogenesis, and cyclic AMP activity. 

"Flaturational" gonadotropin is known to resemble mammalian luteinising 

hormone (Peter and Crim, 1979); and the presence of LH-like substances 

in the pituitary of fish has been reported (McKeown and van Overbeeke, 

1971; Crim et al., 1973; Sundararaj and Anand, 1972; Farmer and Papkoff, 

1977). It seems reasonable to assume that the radioimmunoassay reported 

here gives some indication of relative changes in concentration of pituitary 

"maturational" gonadotropin, though it may also be measuring I'vitellogenic" 

gonadotropin, (Con-A I) and perhaps thyrotropin. 

A greater problem in assessing the significance of the, results lies 

in the fact thcqt it is not clear how pituitary gonadotropin concentration 

relates to plasma gonadotropin concentration. Some authors suggest that 

low levels in the pituitary are related -to high levels in the plasma, 
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and vice versa. Peute et al. (1978) report that in S. gairdneri pituitary 

gonadotropin level fell with the onset of exogenous vitellogenesis (June 

to July), and with spermiogenesis (September) whereas most authors dec- 

cribe the oppposite changes in plasma levels. Part of the trouble is- 

the relative laxity in the timing of the reproductive cycle in most sal- 

monids, so that individuals at very different reproductive phases may 

occur in the same sample. It seems probable that the relationship between 

pituitary and plasma levels will prove to be a complex dynamic one. 

Due to the individual differences in reproductive timing, and 
I the' 

diversity of species studied, it is difficult to construct an idealised 

pattern of gonadotropin secretion. Recent reviews are avaiiable (Peter 

and Crim, 1979; Peter, 1981), and (although exceptions to all the details 

given below have been cited) in general the gonadotropin concentration 

changes in powan accord reasonably with a "standard" cycle. 

In males, gonadotropin levels are minimal at the beginning of spermato- 

genesis, i. e. mitotic division of spermatogonia, in June to July. The 

concentration then rises progressively with increasing gonadosomatic index, 

reaching a maximum in November, - by'which time spermiogenesis is virtually 

complete. Gonadotropin levels decline thereafter, though with considerable 
fluctuations from year to year, until July. This pattern is very comparable 
(insofar as the specifications of the reproductive cycle can be reconciled) 

with that found in male S. salar (Stuart-Kregor et al., 1981). Other 

workers who have found little or no rise of gonadotropin levels during 

the early stages of sexual maturation include Crim et al., (1975) in 

S. fontinalis; Billard et al. (1978) in S. gairdneri; Billard et al., 

(1978); Crim and Idler (1978) in S. trutta,; Crim et al. (1973) in 

0. 
__gorbuscha. 
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, as in males, pituitary In females -gonadotropin concentration is 

minimal in July, and does not increase significantly until the end of 

August, when exogenous vitellogenesis begins. By mid -September the level 

has reached a moderately elevated plateaul and it remains so until after 

spawning. Then,, with some fluctuation, it rises to a maximum in April. 

According to Peter and Crim (1979) maintenance and mitotic division of 

oogonia, as well as previtellogenic, oocyte growth are independent of gonado- 

tropin. In powarf, this corresponds to the period until July. 

ýJbst workers have described a gonadotropin "surge" at, or about ovula- 

tion (or spermiation in males) (Crimýet al.,, 1973; Crim et'al., 1975; 

Crim and Idler, 1978; Billard et al., 1978; Peter, 1981; Dodd et al., 

1982). There is no evidence of such an event in powan, but this is very 

probably a sampling artefact. In most salmonids studied, spawning extends 

over several months, and ovulated ova may be retained for several weeks 

before spawning (Escaffre and Billard, 1979; Jalabert and Breton, 1980). 

Thus ovulated fish are likely to be present in samples over many month;. 

In powan, spawning of all individuals is completed within 4 weeks, 

and the delay between ovulation and oviposition is very'short. Thus if 

a sauple is not taken within the very delimited ovulation period, ' it will 

contain absolutely no ovulating fish. The last sample in 1980 was collec- 

ted on November 22, and the first in 1981 was on January 21, both dates 

outwith the spawning period. ýbreover the "periovulatory surge" is most 

marked in fish caught. on,. the spawning grounds (Crim, et al., 1975), and 

associated surges, such as of plasma cortisol (Cook et al., 1980) occur 

at the same time. Exactly the same happens in powan: plasma cortisol 

concentration rises progressively with maturation to a maximum at ovulationg 

but levels a- re -a- bout - 3x -. hi I gher in -. - fi - sh sampled o. na- sp - aw . ning ground than 

elsewhere (Fuller et al., 1976). 
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CHAPTER 

i 
ESTIMATION OF THE CHANGES IN THE CONCENTRATIONS OF ANDROGENS AND 

OESTROGENS IN RELATION TO THE REPRODUCTIVE CYCLE IN PCWAN 

1. INTRODUCTION 

The main sites of the sex steroid hormones production in teleosts, 

as in other vertebrates, are the gonads (Guraya, 1976a, b). Idler et 

al., (1971) reported that the testosterone level in the testicular plasma 

was higher than that in peripheral plasma, and it was suggested that the 

primary site of production of androgens is the testis. Yaron et al. (1977) 

noted that following ovariectomy in Tilapia aurea (Cichlidae)o the level 

of circulating oestradiol was almost undetectable, and it was assumed 

that the ovary is the main if not the only source ofoestrogen production. 

Histochemical and electron microscopic studies have shown that the 

main sites of steroids synthesis in the testis of rainbow trouts Salmo 

gairdneri, are the interstitial Leydig cells (van den Burk et al., 1978). 

This has also been reported in other species of fish e. g. goldfish$ 

Carassius auratust coho salmon, Oncorhynchus kisutch, pink salmon, 

Oncorhynchus gorbuscha, (Boar and Nagahama, 1978); medakaq Oryzias_latipes 

(Gresik et al., 1973); and the cichlidl Cichlasoma nigrofasciatus (Nicholls 

and Graham, 1972). Lobule boundary cells have been homologised with Leydig 

cells by O'Halloran and Idler (1970), who suggested that these cells, were 

the main sites of steroid production in Atlantic salmonj Salmo salar. 

However, it is now generally accepted that the lobule boundary cells are 

homologus with the sertoli cells in male fish (Nicholls and Graham, 1972; 

Grier, 1976; Hoar and Nagahama, 1978; van den Burk et al., 1978). 
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Histochemical and ultrastructural studies of the ovaries from goldfish, 

Carassius-aurat'us; coho salmon, Oncorhynchus, kisutch and pink salmon$, 

Oncorhynchus gorbuscha, have indicated that the main-sites of steroid 

production are the theca cells inAhe ovary (Hoar and Nagahama, 1978)., 

Similar observations have been reported by other workers in: mackerel,, 

Scomber scomber (Bara, 1965); two'species of cichlid. Cichlasoma_ 

nigrofasciatus and Haplochromis multicolor, (Nicholls, and lvlaples,, 1972); 

goldfish Carassius auratus (Nagahama et al. i 1976), and cat fish Mystus 

cavasius, (Saidapur and Nadrakni, - 1976). 

Lambert (1970) suggested that in the guppy, Poecilia reticulatal 

steroidogenesis occurs in the granulosa cells, but more recently it has 

been suggested that the granulosa cells are concerned with oogenesis rather 

than hormone synthesis (Hoar and Nagahama, 1978). 

The levels of the circulating steroid hormones seem to be directly 

related to the stages of the gonadal cycle of development (Crin, and Idler, 

1978; Lambert et al., 1978). Campbell et al. (1976) reported that the 

plasma testosterone concentration increased during the reproductive cycle 

in male winter flounder, P. americanus, and reached its peak at spawning 

time, and the gonadosomatic index was also at its highest at the same 

time. Wingfield and Grimm (1977) noted that the highest concentration 

of testosterone in the plasma of male plaice, Pleuronectes platessa, 

occurred when the gonadosomatic index was at its peak. Positive correla- 

tions between plasma oebtradiol levels and gonadosomatic index in female 

Tilapia aurea (Cichlidae), and rainbow trout Salmo gairdneri have been 

reported by Yaron et al. (1977) and Lambert et al. (1978) respectively. 
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Facgregor et al. (1981) measured the level of androgens and oestrogens 

in the-plasma. of blue fish Pomatomus saltator and king mackerel Scombromorus 

cavalla, and noted that there was a correlation between plasma androgens 

and the gonadosomatic index in these species. Similar observations have 

been reported in sockeye salmon, Oncorhynchus nerka (Schmidt and Idler, 

1962) and in Atlantic salmon, Salmo, salar (Idler et al., 1971). Testo- 

sterone and oestradiol-17/1 have been measured in blood from a variety 

of fish species, e. g. rainbow troutj Salmo gairdneri (Whitehead et al., 

19789 1979; Scott et al., 1980 a, b); plaice Pleuronectes platessa, (Wing- 

field and Grirmn, 1974; 1977); brown trout, Salmo trutta (Crim and Idler, 

1978), and the variations in the levels of these steroids in the blood 

and their association with the state of gonadal development have been 

discussed. 

The reproductive cycle of powan Coregonus lavaretus has been exten- 

sively studied (Faitland, 1968; Fuller et al., 1976; Scott, 1979; Scott 

et al., 1981), and in this chapter, using a radioimmunoassay technique, 

attempts have been made to estimate the levels of circulating testosterone 

in male and oestradiol in female powan over a period of one year. The 

possible relationship between these steroids and the stages of gonadal 

maturation is discussed. 
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2. MATERIALS AND METHODS 

2.1. Radioimmunoassay of steroids 

The radioimmunoassay technique used for measuring the amounts of 

steroid in body fluids or tissues, is based on the conpetition between 

unlabelled steroid and a fixed quantity of tritium labelled steroid for 

binding sites on an antiserum. The amount of labelled steroid'hnund t. n 

the antiserum is inversely related to the amount of steroid present in 

the assay sample or standard. 

Separation of antibody-bound steroid from unbound steroid is achieved 

by absorption of the free steroid on to dextran coated charcoal, followed 

by centrifugation. An aliquot of the supernatant is then removed for 

liquid scintillation counting. 
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2.2. MATERIALS. 

(a) Assay buffer: 0.1% gelatin, 0.05 M Tris buffer pH 8.0.1 g gelatin, 

6.6 g Tris , 1.49 g EDTA (disodium salt) were dissolved in 300 ml of dis- 

tilled water by heating at 350C. The pH was then adjusted to 8.0 by addi- 

tion of 2N hydrochloric acid, and. the volume was adjusted 

to 1.0 litre by addition of distilled water. 

3 (b) Testosterone tracer: 5 cC-dihydro(1q2., 4,5,6,7- H) testosterone solution. 

(was diluted with buffer to give about 10,000 counts per minute in 200 

pi). 

Testosterone standard: (various dilutions were prepared, see the 

text) 

(d) Testosterone antiserum: anti-testosterone, 3-M-BSA. 

The major cross-reactions are: 

45 - 50% for 5 ct-dihydrotestosterone 

4.5% for 5 ot-androstane-3 1711-diol 

7.1% for 5 cc-androstane-3 17/1-diol 

2.1% for androst-4-eneý-3,17-dion 

1.0% for 5d -dihydrotestosterone 

0.9% for epitestosterone. 

Other steroids showed a cross rection of less than 0.05% coupared with 

100% for testosterone. (Radiochemical Centre, Amersham). 

(e) Oestradiol tracer: (2,4, §, 7- 3H) 
oestradiol-17/7 - (was diluted with 

buffer to give about 10000 counts per minute in 200 pl). 



(f) Oestradiol standard. (Various dilutions were p repared, see the text). 

(g) Oestradiol-171ý antiserum: anti. -oestradiol-17/f -6-BSA showed-100%. 

cross reaction with oestradiol-i7/) , 4.2% with oestrone, ' and, less than 

0.1% with, other oestrogens. (Tenovus, The Welsh National'School of 

Medicinel Cardiff). 

(h) Extraction solution: diethyl ether (BDH analar). 

(i) Freezing mixture: solid carbon dioxide/ethanol. 

(j) Dextran-coated charcoal: 0.05% dextran, 0.5% charcoal in assay buffer 

(dextran was first dissolved in the buffer then charcoal was added and 

the mixture wasýstirred for 1 hour at 40C). 

Scintillant: Dioxan NE 250. 

-11 
109 1 
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2.3- Methods 

Fish and blood: sample collection has'been described in Chapter 1. 

Blood was extracted from the sinus venosus by means of a disposable 

pasteur pipette thrust through the ventricle (Fuller et al., 1976). 

Anticoagulant was not used, and the blood was allowed to stand at room 

temperature for 2 hours to clot. The serum was separated and the serum 

from 10 fish was pooled to form each sample, the sexes being keptý separate. 

The serum samples-were stored at -400C until assayed, 

The concentration of testosterone in male serum and the concentration 

of oestradiol-17/1 in female serum were estimated using the procedure 

recommended by The Amersham Radiochemical Centre with minor modificationst 

(specified below). 
_ 

t 
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2.3.1. Extraction 

(1) 200, pl serum and 800, pl distilled water were mixed in a glass test 

tube, and the tube was incubated for 30 minutes at room temperature. 

(2) 3 ml diethyl ether were then added to the tube and the contents were 

mixed and incubated at room temperature for 10 minutes. 

(3) The test tube was then placed in a mixture of solid carbon dioxide- 

ethanol. The aqueous layer was thus frozen and the ether layer was 

decanted into a 12 mm x 150 mm, test tube. 

(4) Steps 2 and 3 were -repeated with a second 3 ml aliquot of diethyl 

ether. 

(5) The ether extracts were-combined and evaporated to dryness under 

a gentle stream of nitrogen in a water bath at 350C. 

(6) The residue was then dissolved in 1 ml of assay buffer, and 200pI 

of this solution was used in the assay. 

t 

41 
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2.3.2. Preparation of testosterone standard curve and its measurement 

in the serum of male powan. 

(1) To 200 pl of the standard-(range of concentrations: 

12-51 25,50,100l 200,400 pg per tube) were added 200 )il of afitiserum 

solution and 200)11 of the tracer, mixed, and incubated at 40C for 16 

hours in an ice bath. 
1. 

(2) 200, P1 of Dextran-coated charcoal suspension (stirred continuously 

at 40C) was added to as many tubes as could be conveniently centrifuged 

in one batch (8 tubes); mixed, and the tubes were incubated in an ice 

bath at 40C for 10 minutes (timed from the addition of charcoal to the 

last tube). 

The tubes were then centrifuged at 2500 g for 10 minutes at 40C. 

(4) Without disturbing the sediment, a 500 pl sample of the supernatant 

was removed and transferred into a counting vial which contained 5.0 mý 

scintillant-(Dioxan NE 250). 

(5) The vial was then placed in a /? -; counter (Nuclear Enterprises 8312 

scintillation counter optimised for 3H) 
and counted for 5 minutes. 

Two blanks (tubes containing no antibody and no hormone) and two 

zero standards (tubes containing antibody but no hormone) were assayed 

with the standards. 

The serum samples from male powan following extraction were assayed 

for testosterone content (a protocol for the assay of steroids is shown 

in Table 18). 
0, 



TABLE 18. 

PROTOCOL FOR THE ASSAY OF STEROIDS 

Tube No. Assay Standard Unknowns Tracer Antiserum 
buffer- 

11 2 400 pi 200 1 Blank 

39 4 200., ul 200 pl Zero dose 

5i -- 6 200 jil it Standards 

7, 8 11 - 
. it to 

go 10 It it it 

11, 12 

139 14 of 

15t 16 11 it. 

. 
17, etQ. 200 pl it Unknowns 

t. 

113 
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2.3.3. Preparation of oestradiol standard curve and its measurement 

in the serum of female powan 

The standard curve was prepared using various concentrations of 

oestradiol (i. e. 5,10,20,40g 80,160 pg/tube). The procedure for 

standard curve preparation and oestradiol estimation was the same as that 

used for testostprone (Table 18). 

4 

t 

lu 



2.3.4. Calculations 

pg steroids from the standard curve Ax1 100 
pg/original sample 

0.2 xB 

A= reconstitution volume in ml (after ether extraction). 

B= precentage eecovery, 90% for testosterone and 95% for oestradiol-17/? 

The values (ng/ml) of both testosterone and oestradiol-17/1 

were then plotted against their, sampling dates. 

115 

II 
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RESULTS 

(a) The counts per minute (c. p. m. ) for each pair of duplicates was 

averaged, and the blank counts per minute (tubes 1 and 2) were subtracted 

from the count per minute (c. p. m. ) of all the remaining tubes. 

(b) If the count per minute (c. p. m. ) of zero standards (tubes 3 and 

is called Co, and the c. p. m. in the presence of standard or unknown (all 
CO 

the remaining tubes) is called Cx, then /Cx values for the standards 

can be calculated (Tables 19,20). 

Testosterone standard curve 

The standard curve for testosterone was prepared by plotting the 
Co /Cx values against their corresponding concentrations (Fig. 19). The 

concentration of androgens in the male powan serum was calculated, using 

the testosterone standard'curve. The results were expressed as ng testo- 

sterone per ml of serum (Table 21). 

2. Oestradiol standard curve 

The standard curve for oestradiol-17/7 was prepared by plotting the 
CO /Cx values against their corresponding concentrations (fig. 20). The 

concentration of oestrogens in the female powan serum was calculated, 

using the oestradiol standard curve. The results were expressed as ng 

oestradiol-17d per ml of serum (Table 22). 
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TABLE 19. 

TESTOSTERONE STANDARD CURVE 

Concentration of standard 
CO /Cx values 

Zero standard 1.0 

12.5 pg/tube 1.10 

25 1.25 

50 1.70 

100 2.90 

200 5.25 

400 10-70 

TABLE 2*0 

OESTRADIOL-17/7 STANDARD CURVE 

Concentration of standard 
CO /Cx values 

Zero standard 1.0 

5 pg/tube 1.15 

10 1-30 

2p 1.65 

40 2.30 

80 3.60 

16o 6.30 



FIGURE 19. 

Standard curve for the radioimmunoassay for 

testosterone. 
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FIGURE 20. 

Standard curve for the radioimmunoassay for 

oestradiol. 
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TABLE 21. 

TESTOSTERONE CONCENTRATION IN MALE POWAN SERUM 

Testosterone (ng/ml) S. D. Sampling date 

2.36 0.39 
0.46 0.16 
0.54 0.16 

1.63 0.30 
,. 1.72 0.30 

2.72 ± 0.35 

10-90 ± 0.70 

11-33 0.55 
17.41 0.70 
18-39 0.49 

23-39 2.34 

2.0 0.08 
0.6 0.08 

January 1979 

February 
Flarch 
April 
May 
June 
August 
September 
October 
November 
December 
January 1980 
February 

TABLE 22. 

OESTRADIOL-17/1 CONCENTRATION IN FEMALE PWAN SERUM 

n =. 5 

Oestradiol-17/1 ± S. D. Sampling date 

2.1 ± 0.46 January 1979 

0.46 ± 0.10 February 
0.63 ± 0.16 March 
1.26 1 0.25 April 
2.31 ± 0.46 1"'a Y 
1.64 ± 0.32 June 

5.50 ± 0.118 August 
12-77 ± 0.70 September 
15-37 ± 1.06 October 
10.25 ± 0.67 November 
9.24 ± 0.56 December 

2.00 ± 0.54 January 1980 
-'0 . 5---' :t* 00-08' -February 

118 
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3.3. Concentration of sex steroids in powan serum 

The concentration of testosterone in male powan was lowest in late 

February (about 0.46 ng/ml). It started to rise very slowly until late 

June-early July and reached a value of about 2.7 ng/ml. The testosterone 

level rose more rapidly in late August and reached its peak in December 

(about 23 ng/ml). Then a sudden decrease occurred and this fall in the 

concentration of testosterone continued until late February (Fig. 21). 

The concentration of oest. radiol-17,, Y in female powan serum was lowest 

in late February (about 0.46 ng/mi). It started to rise very slowly until 

late June-early July when it reached a value of about 1.6 ng/ml. The 

oestradiol-17, f level rose more rapidly in late August and reached its 

peak in October (about 15 ng/ml). Towards the end of November the oestra- 

diol level started to fall and this decrease in the concentration con- 

tinued until late February (Fig. 22). 
_ 



FIGURE 21. 

Seasonal changes in the testosterone concentration 

in the serum of male powan. 
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FIGURE 22. 

Seasonal changes in the oestradiol-17/1 concentration 

in the serum of female powan. 
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r%Tc! rflC! C! Tn?, T 

Oestradiol-1V 

There is great divergence of opinion as to the concentration of the 

various oestrogens in salmonid blood. Disparity may be due to the effect 

on steroidogenesii: 'of different. catching and killing methods. It has 

been conclusively shown that corticosteroidogenesis is dramatically affected 

by these factors in powan (Fuller et al., 1976; Scott and Rennie 1980)., 

In some studies, very few individual fish have been used, and-tremendous 

individual differences exist (Lambert et al., '1978); to avoid this, -pooled 

samples, rather than individual fish, have been used. Although the assay 

was nominally specific for oestradiol-1711 , as mentioned earlier cross- 

reactions with other steroids occur, but within these limitst the concen- 

tration measured in powan in this study lie within the range described 

by other workers (Table 23). 

Oestradiol-171; concentration in powan reached its maximum in October, 

2 months prior to spawning, and by one month after spawning the concentra- 

tion had returned to its basal levels. This is in general accordance , 

with findings in other salmonids. Whitehead et al. (1978) found a maximum 

in Salmo gairdneri in October, spawning occuring in mid-January, Scott 

et al. (1980b) found a maximum in the same species in. November, with ovula- 

tion occurring from December to February. Van Bohemen and Lambert(1981) 

found a maximum in October, falling to basal levels in February, with 

spawning extending from the end of December to February. In all these 

studies oestradiol-17/7 in Salmo gairdneri was measured. The variations 

are probably due to the fact that the timing of the reproductive cycle, 

of - rainbow- - trout- S. gairdneri-varies- widely from population to population 

as a result of both genetic and environmental differences. (van Bohemen 

and Lambert, 1981; Scott et al., 1980b). 
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The period of most rapid incrase in oestradiol concentration in powan 

coincides with the period 'of rapid increase in the hepatosomatic indexq 

apparent in females onlyl between August and October (Chapter 1). It 

is established that oestradiol-17/7 stimulates vitellogenin production 

by the liverl previously 'sensitized by oestrone (ývan Bohemen et a i., 1982a), 

and that experimental oestradiol administration causes increased hepato- 

somatic index (van Bohemen et'al. 0 1982b). The correlation between maximum 

oestradiol concýntration and maximum hepatosomatic index in powan is there- 

fore to be'expected. In other studies, however (on S. gairdneri) plasma 

vitellogenin has been measuredq or some factor reflecting vitellogenin 

concentrationp such as plasma calcium-(Scott-et al., 1980b)t and in these 

cases the peak of vitellogenin synthesis usually lags behind the peak 

of oestradiol synthesis. Scott et al. (1980b), found that maximum calcium 

concentration occurred in December, one month after maximum oestradiol-17/7 

concentration. Van Bohemen and Lambert (1981) reported a similar one-month 

delay between oestradiol peak (October) and vitellogenin peak (November). 

The transitory rise in oestradiol concentration between April and 

May is doubtfully significant, but there is certainly an overall, though 

small, increase between March and Junel and the same applies to the testo- 

sterone concentration in males (v. inf. ). This rise coincides with the 

end of the resorptive phase of the reproductive cyc le and with the incep- 

tion of the pre-vitellogenic growth phase which persists until the gonado- 

somatic index begins to rise as vitellogenesis begins in June to July. 

It has been suggested that gonadal steroids are active in the initial 

stages of spermatogenesis (Hunt et al., 1982). 
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Te9tosterone 

As in the case of oestradiol and no doubt for the same reasonsq there 

is great disparity in the reported concentration of androgens in salmonid 

plasma. Although the assay was nominally specific for testosteroneg as 

mentioned earlier cross-reactions with other steroids are known to occur. 
i 

No attempt was made to measure testosterone separately, and within these 

limits, the concentrations of testosterone in powan lie within the range 

found in other species (Table 24). 

The concentration of testosterone in male powan reached its maximum 

at the mid-December sample, about two weeks before spawning. Weather 

conditions precluded any sampling at spawning time, and by the conclusion 

of spawning, in Januaryt the concentration had fallen almost to basal 

levels. In studies on S. 
_gairdneri 

(Tables 22,23), both oestradiol in 

females and testosterone in males peak about two to four months prior 

to spawning. In powan the testosterone peak occurs virtually at spawning 

time. A possible explanation is that in S. gairdneri the concentration 

of 11-ketotestosterone continues to rise after the testosterone peak, 

and does not reach its maximum until February (Scott et al., 1980a); 

11-oxytestosterone concentration in S. salar is likewise out of phase 

with testosterone (Hunt et al., 1982). The result obtained for powan 

may represent an amalgam of these peaks. 
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CHAPTER 

SEASONAL VARIATIONS IN THE ELECTROPHORETIC PATTERNS OF SERUM PROTEINSp 

AND TOTAL SERUM PROTEIN CONCENTRATION IN MALE AND FEMALE P04AN 

1. ' INTRODUCTION 

Electrophoretic techniques have been widely uI sed to investigate the 

changes in the serum proteins of a variety of animals. Variations in the 

serum protein patterns due to various factors have been reported: ýbore 

(1948) and Rudman (1960) noted that the serum protein patterns of fowl 

and rat were changed after these animals were injected with sex hormones 

and a sample of anterior-pituitary extract respectively; ýIayer and Heim 

(1960) reported that the serum protein concentration was higher in a hiber- 

nating ground squirrel than that in a non-hibernating one. 

The electrophoretic techniques which were originally used for investi- 

gation of serum proteins in mammals and birds, were later applied to fisii. 

In the initial electrophoretic studies on fish serum proteins, some informa- 

tion concerning similarities to and differences from the serum protein 

patterns among fish were obtained (Lepkovsky, 1929; Deutsch and Goodloe, 

1945; Ibore, 1945; Deutsch and ýIcShan 1949). 

These variations, which are either genetic or due to environmental 

and physiological factors which the fish encounter, have been extensively 

studied (Booke, 1964a). Thurston (1967) demonstrated that the serum protein 

patterns in rainbow trout S. gairdneri are different between wild and 

hatchery fish. Denton and Yousef (1975) observed fluctuations in the 
I 

serum protein concentration of rainbow trout, with the lowest level 
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(2.9 g/ 100 ml) occurring in Farch and the highest - level (5.1, g/ 100 ml) 

in -July. These changes were attributed to the diet. of the fish and type 

of management. Meisner and Hickman (1962) reported- a significant increase 

in the albumin/globulin ratio in rainbow trout which were- acclimatised 

to 80C as compared to others acclimatised to 160C; while Harris (1974) 

found no correlation between the temperature and albumin/globulin ratio 

in dace (Leuciscus leuciscus), though he noted a relative reduction in 

their albumin during the coldest parts of the year (from December to April). 

Mulcahy (1969) investigating changes in the serum protein in migrating 

fish reported a wide variation in serum protein in adult salmont S. salar, 

in fresh water. These changes were correlated with the length of time 

the salmon spends in fresh water during which it does not feed but metabo- 

lizes its stored reserves for energy and reproduction. 

Variation in serum proteins have also been found in diseased fish: 

Sindermann and Mairs (1958) reported a decrease in the serum protein level 

in fungus-infected sea herring Clupea harengus. Hunn (1964) noted that 

fish with kidney infection had a lower serum protein concentration than 

healthy fishp Snieszko et al. (1966) obtained an increase in the protein 

concentration in fish with hepatoma, and Malcahy (1969,1971) and Wilkins 

(1972) observed a fall in the serum protein level in fish infected, with 

ulcerative dermal necrosis (U. D. N. ). Ingram and, Alexander (1977)9 studying 

immune responses in rainbow trout, found that the serum protein concentra- 

tion decreased when the fish was injected with cellular antigen. 

Other factors which can lead to cha-nges in fish serum protein electro- 

phoretic patterns are: sexual differences (Booke, 1964b), degree of maturity 

(Rall, 1967) and method of capture (Thurston, 1967). Differences in serum 

protein patterns between different species of fish have also been reported 

(Badavi, 1971; Hattingh 1972,1974). 
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The most widely used electrophoretic techniques for the study of fish 

proteins are: cellulose acetate (Mileahy, - 1970; Jimenez, 1973; Hattingh 

19729 1974; Ingram and Alexander, 1977) and polyacrylamide gel, electro- 

pho - resis (Perrier et al., 1973,1974; Hattingh'1972,1974; Harris, 1974; 

Ingram and Alexander, 1977). 

Gardiner (1974) using cellulose acetate managed to distinguish the 

young fry of Atlantic salmon Salmo salar from those of brown trout 

Salmo trutta; and Griffiths (1974) and Hattingh (1974) separated 3 protein 

bands from the serum of the coelacanth Latimeria chalumnae, and 10 protein 

bands from the serum of mudfish (Labeo spp. ) respectively, employing cellu- 

lose acetate electrophoresis. 

Polyacrylamide gel electrophoresis however, has advantages over cellu- 

lose acetate, in the fact that a greater number of fractions are separated, 

and a better definition of the fractions is obtained. Hattingh (1972; 

1974) using fish serum, separated about 10 protein bands on cellulose aqetate 

and about 22 bands on 7.5% polyacrylamide gel, and Ingram and Alexander 

(1977), using the serum of brown trout (Salmo trutta) separated 8 bands 

on cellulose acetate and 16 bands on 7.03 polyacrylamide gel. 

Different authors have used diverse concentrations of polyacrylamide 

gel (Hattingh (1972), 7.5%; Hattingh (1974), 5.0% + 0.1% SDS; Harris (1974) 

7.5%; Perrier et al. (1973,1974), 9%; Ingram and Alexander (1977), 7.0%). 

It is thus difficult, if not impossible, to compare their results (changes 

in the gel concentration alters the mobility and resolution of the protein 

bands). Until recently, human serum has been used by almost all the 

workers as the standard and the fish serum proteins have been identified 



by comparing them with that of Homo sapiens,; however some authors have 

rejected the use of human serum as the standard when studying fish 

serum proteins. Bueker (1961) found that the serum components of non- 

mammalian vertebrates differed in electrophoretic properties from those 

of mammalsq and Klontz (1965) could not find any correlation between the 

serum protein fractions from rainbow trout (Salmo gairdneri) and those of 

the mammal. Snieszko (1966) working on rainbow trout reported that the 

major component oý teleost serum is analogous to human V-globulin rather 

than to the albumin. It is only recently that investigations have been 

carried out in order to find a new way for identification of fish serum 

proteins. Perrier et al. (1973) have suggested a completely separate nomen- 

clature for fish serum proteins after initial biochemical investigation 

(combining the techniques of gel electrophoresis, gel filtration and salt 

solubility fractionation). 

The aim of this section of the study is to investigate the serum 

12 8 

proteins of powan using polyacrylamide gel electrophoresis. 
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2. MATERIALS AND METHODS 

2.1. Principles of electrophoresis 

Electrophoresis is a general term that refers to any technique for 

the separation and/or characterisation of charged particles based on their 

specific migration rates in an electric field. 

Electrophoretic methods were first developed more than forty years 

ago; advances since then have resulted in the development of electrophoresis 

as one of the most effective methods of separation and characterisation 

(Davis, 1964; Faurer, 1972). 

Since proteins are polyelectrolytes with their charges dependent on 

the pH of the surrounding mediump it has been possible to develop electro- 

phoresis techniques which can separate a mixture of proteins in an electric 

field (Davis, 1964; Maurer, 1972). One of the factors which determine 

the degree of separation of the proteins is the viscosity of the medium. 

that is used. One of the widely used support media is a polymer of 

acrylamide (CH 
2 =CH- 

0 
-NH 2 

). Polyacrylamide gels are prepared by 

co-polymerizing acrylamide and N, Nlmethylene-bis-acrylamide 

I (CH (NJ-CH=CH')2), with a suitable free-radical catalyst-accelerator. 22 

This catalyst- accelerator is usually ammonium persulphate together with 

either 1ý-dimethyl amino propionitrile (DVAP) or N, N, N1, Nl-tetra methyl 

ethylene diamine (TEMD). 

t 
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A diagra=atic representation of the gel network is given below: 

0 91 
CH 2 =CH-8-NH 2+ CH 2 

(NU-C-CH-CH 
2)2 

N, NI-methylene-bis-acryalmide 

free radical and 

TEWD 

CH 2- ýH-[-CH 
2-CH-1-CH 2 CH- 

C=O C=O C=O 

NH NH 2 NH 
I 

cil 2 1 

i 

CH 2 1 

NH 
I 

NH 
I 

C=O Nrl 
12 

C=O 

C=O 

CH 2 -CH-[- 
I 

CH -CH-1-CH 2-CH- 

Polyacrylamide gel electrophoresis combines electrophoresis with the 

molecular-sieving properties of the gel. By varying the concentration 

of the gel and its degree of cross linking, its molecular-sieving properties 

can be controlled over a wide range and it can be used to separate mixtures 

of protein (Weher and Osborn, 1969). Other factors which affect the migra- 

tion rate of proteins are: 
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(1) The electric field 

(a) Current: the rate of migration is directly proportional to the current. 

Therefore the current is kept constant during electrophoresis. 

(b) Voltage: both low (less than 100) and high voltages can be used. 

High voltages are mainly used for the separation of low molecular weight 

compounds. 

(2) The buffer 

(a) Concentration: increase in the ionic strength decreases the rate of 

migration and decrease in the ionic strength increases the rate of 

migration. 

(b) pH: The rate of migration depends on the degree of ionizatin of a 

compound. The ionization of organic acids increases as pH increases whereas 

the reverse applies, for organic bases; therefore their degree of migration 

is pH dependent. 

The sample 

(a) Charge: the rate of migration is dependent on the net charge of the 

sarrp 1 es . 

(b) Size: the larger the molecule the slower its rate of migration. 

(c) Shape: molecules of similar sizes but different shapes (such as fibrous 

and'globular proteins) have different rates of migration. 

Various compounds can be used in order to change the shape of a protein 

molecule. 
- 
Co 

. 
mpounds such as mercaptoethanol (CH 3-CHI, -SH) are capable 

to breaking down the disulphide (-S-S-)bond: 
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-CYS- -CYS- 

s SH 

s SH 

and a conpound such as sodium dodecyl sulphate (S. D. S. ) is capable of 

disrupting the quýternary structure of protein and thus converting a 

globular structure into a rod like structure. In addition sodiUM dodecyl 

sulphate at the same time obscures the original charges on the protein$ 

and therefore the rate of migration will depend on the mass of SDS- 

polypeptide particles and not the protein charge. In effect, the SDS-gel 

electrophoresis is gel filtration with an electric field as the driving 

force, instead of bulk solution flow. 

In the present study 7.5% polyacrylamide containing 0.1% sodium 

dodecyl sulphate (SDS) was used to examine the serum protein patterns of 

powan. 

2.2. Faterials 

(1) Acrylamide stock (30% W/w): 

30 g acrylamide 

0.8 g methylene-bis-acrylamide 

made up to 100 ml with distilled water and stored in a dark bottle at 40C. 
I 

(2) Gel buffer: 

1M Tris HU pH 8.3 (12.1 g Tris per 100 mi). 
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Chamber buffer: 

0.05 M Tris/glycine pH 8.4,0.15% SDS. 

(30-35 g Tris, 7.5 g SDS, buffered to pH 8.4 with glycine 40 g/1) 

and made up to 5 litres with distilled water). 
(4) Amrnonium per sulPhate: 0429 inlO ml of distilled water (madeup fresh). 

(5) Tetramethlethylenediamine (TEIED). 

Sodium dodecyl sulphate (10% w/w). 

(7) Tracking dye, 

0.025 g bromophenol blue in 50 ml of distilled water. 

(8) Staining solution 

1.25 g Coomassie brilliant blue R250. 

227 ml ethanol (100%) 

227 distilled water 

46 ml glacial acetic acid 

Destaining solution 

675 distilled water 

250. methanol 

75 ml glacial acetic acid. 

(10) Powan serum: adult fish only were used; generally between 250 and 

350 mm. in total length (which corresponds to an age of 3-to 6 years). 

The collection of the fish and preparation of serum has been described 

in previous chapters. 
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Methods 

2.3.1. Electrophoresis of serum 

The method used was a modification of that described by Weber and 

Osborn (1969). 30 ml of 7.5% sodium dodecyl sulphate-polyacrylamide was 

prepared by mixing 7.5 ml acrylamide stock, 15 ml Tris/HC1 pH 8.3,5 ml 

glycerol and 2 ml distilled water. This mixture was de-aerated under vacuum 

and incubated at 40C for 30 minutes. Then 0.3 ml 10% sodium dodecyl sul- 

phate, 0.15 ml freshly made ammonium persulphate and 0.05 ml tetramethyl- 

ethylenediamine were added. 2.5 ml of this final solution were poured 

into glass gel tubes 6 mm, x 100 ml sealed by rubber caps. Before the gel 

solidified, a few drops of water were layered on to the top of the gel, 

so that a discrete water-gel boundary was formed. Eight tubes were uncapped 

and the water decanted, a drop of chamber buffer was inserted into the 

bottom of each tube, and the tubes assembled in an eight-position perspex 

electrophoresis cell (Shandon). The lower chamber was filled with chamb-er 

buffer, to cover the base of each tube. A mixture of 3jul of tracking 

dye solution, 1 drop of glycerol, and 5)11 of serum were applied to the 

gels. Chamber buffer was layered on top of each sample, to fill the tubes. 

The top chamber was filled with chamber buffer, and electrophoresis was 

carried out at a constant current of 8 mA at about 100v, until the tracking 

dye reached within 5 mm of the bottom of the gel (a bout 4 hours). After 

measuring the length of each gel and the distance which the tracking dye 

had travelled, ýthe gels were removed from the tubes and were placed for 

about 2 hours in the staining solution. They were then destained in several 

changes of the destaining solution. The patterns of the protein bands 

were photographed and their concentrations recorded using-a Vitatron TLD 

100 densitometer with a slit width of 0.25 x 2.5 cm, 570 nm filter and a 
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chart speed of 60 mm/minute . The relative mobilities of the protein 

bands were calculated and their molecular weights determined. For purpose 

of comparisong samples of human blood were run under identical conditions. 

To assess the degree of individual variationg the serum samples from 

individual fish were kept separate and were run under similar conditions. 

2.3.2. 'Protein concentration estimation 

The total protein concentration of each sample was determined using 

the methods of Lowry et al. (1951); Bradford (1976); andaspectrophotometric 

method (Segell 1976). Both the Lowry and spectrophotometric methods have 

been described in Chapter 3. The procedure for the Bradford method was 

as follows: 

(a) Preparation of protein reagent 

100-mg of Coomassie brilliant blue G-250 (Sigma) was dissolved in 50 

ml of 95% (v /v) ethanol. 100 ml of 85% (w /v) phosphoric aid was added, 

and the total volume was made up to 1.0 litre by addition of distilled 

water. The solution was mixed and filtered through Whatman Number 1 filter 

paper. - 

(b) Assay 

A standard curve was prepared using varying concentrations of bovine 

serum albumin ( 100- 1000 pg/ml) To 0.1 ml of standard or unknown ,5 ml 

of the protein reagent was added, mixed and left at room temperature for 

2 minutes for the colour to develop. The absorbance was then measured 

at 595 nm against a blank which was prepared the same way as the standard, 

but substituting, the standard--with--O. I-ml of 0.9% NaCl, ---- 
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Results 

Serum samples from individual, fish and the author, for comparisonp, 

were run and the representative examples are-illustrated in Plates 40 and 

The results show that the s6rumýprotein patterns were similar amongst 

fish having the same age, and caught at the same time. 
- 

The relative mobilities (Rm) of the protein bands were calculated 

using the formula: 

Rm = 
Distance of protein migration_ x 

Length of'the gel before staining 
length of the gel after staining distance of dye migration 

The Rm values of the standards were plotted against their molecular 

weights using a semi-logarithmic scale (Table 25, Fig. 23). Using the 

standard curve, the molecular weight of each protein band was determined 

(Tables 26 9 27 A maximum of 18 protein bands was observedl and were 

numbered in order of decreasing mobility. Their molecular weight ranged- 

from 20,000 to 200,000. Not all the bands were present in all sarrq)les: 

bands 16,17 and 18 occurred only in females. Seasonal samples are illus- 

trated in Plates 42,43; and their densitometric profiles in Figs. 24l 

25. (The serum of males in August showed very poor separation (Plate 42, 

Fig. 24)). 



(Table 26, Fig. 24). 

Band 1 was high during most of the year, but lowest from January to 

April. Band 2, followed much the same pattern. Band 3 occurred only in 

July; though traces of it were apparent in June and September. Band 

remained consistently high throughout the year. Band 5 remained at much 

the same level as 4 during most of the year, but was lowest from February 

to April. Band 6. occurred only in July, with a hint in ýbrch. Band 7 

and 8 showed a bimodal pattern: low from January to April, then rose pro- 

gressively from May to a maximum inýJuly. A subsequent fall until October. 

was followed by a second rise in November and December. Band 9 was present 

throughout the year. Band 10 was low during most of the year, but rose 

slightly from November to January. Band-11 was present but inconspicuous 

throughout the year. Bands-12 and 13 both rose conspicuously in July. 

Bands 14 and 15 occurred only in July. Bands 16,17 and 18 never occurred 

in males. 

2. Females. (Table 27, Fig. 25). 

Band 1 was high throughout the year. Band 2 showed some seasonal 

variation, rising from its minimum value in March to a plateau in July, 

August and September, and declining through the winter months. Band 3 

was present only in March and (in higher concentration) in July. Band 

was high throughout the year. Band 5 rose transiently in May, rose again 

in July and remained low until April. Band 6 rose in July, fell transiently 
L in Augustq rose again in September, and then gradually declined. Band 7 

peaked during August-September-October. Band 8 was high in July, but fell 

by September. Band 9 although generally present throughout the year in 

137 

--A 

males, occurred -in -females -only---in --December and Varchw---Bands 10 and-11 

showed no evidence of a seasonal cycle. Band 12 was always minor. 
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Band 13 rose rapidly during January-February-rarch, then remained low until 

July, when there was a massive increase. The level then fell and remained 

low until the end of the year. Band 14 appears only in July, as it does 

in males. Band 15, which appeared in males in July only, was present 

throughout the year in females. Bands 16,17 and 18 occu'rred only in 

females: 16,17 and 16 in July only, and 17 also in August. 

3- 3. Albumin/globulin ratio 

Table 28 shows the albumin/globulin ratio in powan during the seasonal 

samples, taking band 4 as albumin and bands 1 to 3 as prealbua-ins. It 

varies little between 0.3 - 0.4 throughout the year. Borchard (1978) 

reported the albumin/globulin ratio of Salmo trutta as ranging from 0.2 

to 1.5, by takinG the protein bands 1,2 and 3 as albumin. In powan if 

bands 1 to 4 are taken as albumin then the mean value of albumin/globulin 

ratio for male and female would be 0.5 and 0.7 respectively, with little 

variation throughout the year (Table 29). 
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TABLE 25 

Standards M. W. Rm Values 

Phosphorylase a 97,000 0.43 

Bovine albumin 66,000 0.59 

Ovalbumin 45,000 0.75 --j 



FIGURE 23 

Standard curve for molecular weight determination 

on SDS-gel electrophoresis. 
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TABLE 26 

SERUM PROTEIN PATTERNS IN MALE POWAN 

140 

Jan Feb Mar Apr May Jun. Jul Aug Sep Oct Nov Dec M. W. 
Numb er 
of bands 

6 s 

7 Of 

8 if if If 

9 Of 

10 

11 

12 If if 

. 13 

14 

15 

-S= 
"shoulder" 

s 

41,000 

48,000 

62,000 

67,000 

s 77,000 

110,000 

s 130oOOO 

150,000 
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TABLE *27 

SERUM PROTEIN PATTERNS IN FEMALE POWAN 

Jan Feb Par Apr May Jun Jul Aug Sep Oct Nov Dec. M. W. 

Number 
of bands 

2 4* ** . ** 

3 S S S S S S 

4 311,000 

5 113,000 

6 S 

7 S S 58,000 

8 629000 

9 

10 729000 

11 110,000 

12 130,000 

13 16o, ooo 

14 

15 S 

16 

17 

18 

-A 



FIGURE 24. 

Densitometric profile of serum from male powan 

from January to December. 
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FIGURE 25. 

Densitometric profile of serum from female powan 

from, January to December. 
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TABLE 28 

ALBUMIN/GLOBULIN RATIO OF ADULT POWAN FROM 

JANUARY 1980 TO DECEMBER 1980, TAKING BAND 4 AS-ALBUMIN. 

Albumin/globulin ratio 

Samp 1e Male Female 

Jan 0.34 0.30 

Feb 0.36 0.30 

Mar 0.40 0.30 

Ap r 0.30 0.40 

May 0.35 0.40 

June 013 -- 

July 

Aug -- o. 40 

Sep 0.34 0.40 

Oct 0.39 o. 4o 

Nov 0.35 0.40 

Dec 0.32 0.35 

Mean = 0.33 0.34 
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TABLE 29 

ALBUMIN/GLOBULIN RATIO OF ADULT POWAN, FROM JANUARY 1980 

TO DECEMER 1980, TAKING BANDS 1-4 AS ALBUMIN 

Albumin/globulin ratio 

Samp 1e Male Female 

Jan 0.5 0.68 

Feb 0.54 0.68 

Mar 0.59 0.68 

Ap r 0.49 0.75 

May 0.52 0.72 

Junw 0.47 - 

July - - 

Aug - 0.78 

Sep 0.49 0.68 

Oct 0.56 o. 68 

Nov 0.5 0.69 

Dec 0.5 0.69 

Mean 0.. 5 0.7 



Total protein concentration 

The protein standard curve was constructed (Table 30, Fig. 26) and 

the concentrations of unknowns (serum'samples) were determined from the 

standard curve. The concentrations of protein in powan serum samples were 

expressed as g/100 ml serum and plotted'against their sampling dates (Table 

31, Figs 279 28). 

From January 1980 to July 1980 the total protein concentration in 

females remained near a mean level of 5 g/100 ml. During this period the 

concentration was higher in males (mean 6 g/100 ml) than in females (Table 

31). In males there is some evidence of a slight rise from April to June, 

but in both sexes July is marked by a sudden increase to 8.3 9/100 ml 

for male and 8.5 9/100 ml for female. Relatively high values persist in 

females until September, whereafter they decline to normal. In males protein 

levels, although lower than the July peak, remain at a relatively high 

level until spawning time. 

144 
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TABLE 30 

STANDARD CURVE OF BOVINE SERUM ALBUMIN FOR PROTEIN 

ESTIMATION, USING THE BRADFORD METHOD 

Absorbance 595 nm ; lg of Protein (B. S. A. ) 

0.08 

0.18 

0.30 

0.40 

0.50 

0.60 

0.65 

0.70 

0.75 

0.80 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 



FIGURE 26 

Standard curve of bovine serum albumin for 

protein estimationg using the Bradford method. 
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TABLE '31 ý 

The serum protein concentration in male and female powan 

(g/100 ml). 

Vale 

January 1980 

February It 

March it 

Ap ril it 

My 

June 

July 

August 

September 

October 

November 11 

December it 

January 1981 

February it 

Marh it 

April 

Mean :t S. D. 

6.6 0.29 

6.1 0.25 

6.0 0.27 

6.5 0.27 

6.8 0.28 

7.0 0.37 

8.3 0.39 

6.6 0.34 

7.2 0.40 

6.9 0.37 

6.9 ± 0.31 

6.8 ± 0.32 

6.5 ± 0.29 

6.9- ± 0.29 

6.0 ± 0.20 

6-3 ± 0.25 

Female 

Mean S. D. 

5.1 0.19 

5.4 0.25 

5.2 0.29 

5.1 0.29 

5.8 ± 0.37 

5.1 ± 0.25 

8.5 ± 0.38 

6.8 ± 0.32 

7.5 ± 0.34 

5.4 ± 0.32 

5.3 ± 0.35 

5.1 ± 0.16 

5.1 ± 0.15 

5.3 ± 0.22 

5.4 ± 0.25 

5.3 ± 0.24 



FIGURE 27. 

Seasonal changes in the serun protein concentration 

(g/100 ml) of male powan from January 1980 to 

April 1981. 
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FIGURE 28. 

Seasonal changes in the serum protein concentration 

(g/100 ml) of female powan from January 1980 to 

April 1981. 
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r, Tc! rll7c, cý-I r)l,, 

Acrylamide gel electrophoresis of serum proteins has been carried 

out usinG many species of teleost and non-teleost fish. The variations 

in the technique used (e. g. concentration of the [-; elp voltat; e and current b C. - 
conditions, among many others) from study to study, makes it difficult 

enou, r, h to compare different sets of results, without the additional com- 

plication of interspecific variations in such a diverse group as the fish. 

Even within salmonid studies, the system of identifyinF, the protein bands 

by numbers is inconsistent and to some extent subjective, and atte:.. -, -)ts 

to introduce consistency by reference to "ztandard" human serum are of 

doubtful value (Perrier et al., 1973,74). Nevertheless the protein pat- 

'i- tems of powan in this study have proved to be consistent as between inU- 

viduals, ninor variations lLeinr- attributable to inevitable ,,. inor, variations 

in technique. I-breover, the patterns in powan are reasonably comarable 

with the patterns described in other salmonids in studies usinZ sir. -. ilar 

methods. Thurston (196"j) reported from 10 to 18 bands in Sali, -, o gairdneri. 

I Perrier et al. NblKenzie and, Pain,, (1969) reported 10 in S. salar. (197-3) 

usinS 911, ' acrylaraide L; el, found 13 main and 3 "inconstant" bands; viile 

usinF, 5.51, u gel, their "band 13" could be resolved into 3 corponents, in 

S. i7airdneri. In, usin6 7% jel, separratec e26 , _; ra, n and Alexander (1,077), 

bands, of which 4 were not always present, in S. trutta. 

If powan Band 4 is taken as the albumin coplement, the albuirin/, -, lobulin 

ratio shows little variation from a value of about 0.35 durinT, the year. 

If the no, minally prealbUL! in Band 1 -: - 3 are taken as bein3 also albumin, 

the mean albuqin/rlobulin ratio for, the year rises to 0.5 in males and 

0.7 in females. HiE; her values have been reported in 'other teleost-0: 
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Meisnerand Hickman (1962) reported values of about 0.9 and 0.7 in Salmo 

gairdneri. kept at, COC and 160C respectively; Harris (974) reported an 

albuinin/r, lobulin value of 1.4'- 1.9 in dace (Leuciscus leuciscus); and 

Borchard (197S) reported an albiumin/globulin ratio of 0.2 to 1.5 dependino 

on the staSes of the --onadal maturation in Salmo trutta. However, there 0 rj 
is dispute whether fish in fact possess a true albumin fraction (Perrier 

et al., 19711) and if they do not, the concept of an albumin/Clobulin ratio 

becomes futile. 

The total protein concentration in powan serum lies within the ran,,,, e 

(2.9 g/100 lal to 12.0 g/100 ml) reported in other salmonids (Alexander, 

1977). There is conflicting evidence on relative protein concentration 

in the sexes. Booke (1964b) reported higher concentrations in female than 

in male Salvelinus fontinalis. Snieszko et al. (1966) found the saurte in 

Salmo gairdneri. Alexander (1977) found higher concentrations in Y., Iale 

than female S. salar. InSram, and Alexander (1977) found no significant 

difference between the sexes in S. trutta. Borchard (1978) found that 

in S. gairdneri protein concentration varied with the sta, v,, e of gametoE; enesis. 

Before gonad development began both sexes had much the same concentration. 

In the first phase of spermatogenesis the protein concentration of males 

rose to almost twice that of females in a similar gametogenic stage. in 

the subsequent stages of spermatogenesis (acconj)anying a marked increase 

in gonadosomatic inde-J. ) the protein concentration of males fell back to 

normal, whereas in females protein concentration continued to rise progre- 

sively until spawninL time, when it was higher in wales. In powan, protein 

concentration was generally higher in males than in fewales, except durinL; 

Sameto, enesis when both increased so that-from July to September the con en- Qý c 

tration in both-sexes was 'approximately equal, or slightly higher in females. 
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I-bny studies have been made of the effects of environnental and 

physiological factors on the serum proteins of teleosts. . 'Such factors 

include seasonal ones, such as temperature and photoperiod (Yjeisner and 

Hickman, 1902; Poston, 1966); feedinp, (Lysak and Ulojcik, 1900; Dcnton 

and Yousef, 1975; Reshetnikov et al., 1970); reproductive and associated 

cycles (Thurston, 1967; Reshetnikov et al., 1970; -Borchard, 1978); and 

other factors not necessarily seasonal, such as age (Meisner and Hickman, 

1962; Haider, 1970; Reshetnikov et al., 1,070); disease (11unn, 1,064; Snieszko, 

et al., 1966; Wlcahy, 1-967,1971; Shieh and 1,, hcLean, 1976), 

injection of antigens (E 19'11; InSram and Alexander, , 'velyn, 

1977); catching method (Bouck and Ball, 1966; Thurston, 1967); and various 

"stresses" (Thurston, 1967). In the present study all specimens were 

within a narrow age-band; diseased fish were rejected; and only one catching 

method was used. In general it has proved difficult to establish any 1, 

direct correlation between serum protein chan-es and potentially related L; > 

environmental or physiological factors (Harris, 1974). So, a chan, ý. re in - 

the serum protein pattern of steelhead trout has been attributed to (i) 

their nutritional state (ii) their reproductive state, and (iii) the aiabir'nt 

water tempera"Clure (Mleisner and Hickman, 1962). Until the protein bands 

have been better characterised than they are at present, it is not feasible 

to ascribe specific functions to them. The present study has tried to 

relate chanGes in the protein patterns to known chanbes in the physio- 

loGical (and environmental) cycles of powan. One directly con-parable 

study exists, on C. lavaretus in Lake Chun (Ilirrnansk), but it covers only 

Vhe months of June to September (Reshetnikov et al., 1970). 

In powan the first clear change in protein pattern occurs between 

February and i-larch. In males, Band 6 was discernible in Narch, and 

appeared aL-,, ain in July. In females, Band 3 showed a siviilar pattern; 
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and Band 9 occurred only in December and Narch. Band 13 rose rapidly 

duriný,, the period January-February-March, and then aZ:,, ain in July. The 

albumin/globulin ratio and protein concentration were not affected. At 

this time of the year there is evidence of' soine dej; rce of anabolic activity 

in powan the energy being derived perhaps from eating their own ergs, 

perhaps from post-spawning resorption of Gonadal materials. 

The second conspicuous chang 
.,. 
e is in July# whcn not only is the protein 

pattern altered in both sexes, but protein concentration rises suddenly 

to a triaximum. Changes at this time have been attributed to elevated 

temperature, intense feeding, and garaetorenesis. 

Temperature is hich (and rising) durinSý this period, however, Harris 61 C) 

(19711) found no correlation between chantes in tefiVerature and protein 

pattern in dace (Leuciscus leuciscus), a non-salmonid. 

Information on feeding is currcntly under investimatLon (Po!. Ieroy 

et al., in prep. ), but it seems likely that intensive feedinIg on plankton 

begins in I-hy and continues until October (Slack, et al., 1957). Resnet- U 

nikov et al. (1970) however, claim that feeding does not affect the 0 

albur-An/p_lobulin ratio or protein concentration in Lake Chun fish and 

they attribute the changes to gametoL,, enesis, as does Borchard (1970"). 

in powan, spermatogenesis extends from uniid-June to Septei-; Ilber, and u 

oor-enests extends frora mid-June to spawning time in December. The maximurr 10 

total protein occurred in July in both sexes. Alt'& Aou--h the protein concen- C) 

tration in the males declined somewhat in the followin-Y nionths, it remained C, 

relatively hi-h until after spawnin,,, -. In females the concentration relipained U Cj 

relatively hiGh only until September, when there was a sudden decline 

to pre-gai-netoL; enic levels. 
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All-in-all the changes in powan serum protein pattern and concen- Cj 

tration, seem to be more in line with the early stages of the reproductive 

cycle than any other factor(s). 
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SU 14 MARY 

1. Biology of powan, Coregonus lavaretus (L). 

In order to provide an accurate basis for the correlation of endo- % 

crine changes and phases of the reproductive (and associated) cycles, 

the gonadosomatic indexg the somatic condition factor, and the hepato- 

somatic index hav*e been measured at approximately monthly intervals 

over a period of two years. 

(i) Gonadosomatic index. In males, the gonadosomatic index was lowest 

(about 0-3) in Vlay, and reached its highest value <about 2-5) in Sep- 

tember, about 3 months prior to spawning. In females, the gonadosomatic 

index was lowest (about 1.0) in April, and reached its highest value 

(about 20) in December, immediately prior to spawning. Spawning took 

place from late December to mid-January. 

(ii) Somatic condition factor. In both sexes, the somatic condition 

factor remained low until mid-summer, increasing thereafter until about 

September. Then followed a decline until about April, more marked in 

females than in'males. 

(iii) Hepatosomatic index. The seasonal cycle of the hepatosomatic 

index was much'_more marked in females than in males. In males, it was 

hi6; h during the summer months, perhaps in association with rich feeding,., 

In females it showed a steady increase from mid-summer to just prior 

to spawning, probably in association with vitellogenesis. 
I 
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2. Source of gonadotropic hormone. 

Cell-types in the pituitary were identified using light microscopy 

and transmission electron microscopy. To locate gonadotropic cells 

in particular, an ir=unofluorescence technique was employed, using anti- 

body prepared in rabbit (Lepus cuniculus) and an immunodiffusion method 

to detect the presence of antibody in the rabbit serum. The location 

and morphology of luteotropic,, adrenocorticotropict-gonadotropies, somato- 

tropic and pars intermedia (metadenohypophysis), cells were established. 

The nature of powan gonadotropic hormone: extraction and purification 

Two purification techniques were used to purify powan gonadotropin. 

One was alcoholic extraction followed by gel filtration on sephadex; 

the other was buffer extraction followed by affinity chromatogrophy 

on Concanavalin A-sepharose. In order to characterise the fractions 

collected from these columns, two in vitro bioassays were employed: 

ovulation of the oocytes of medaka (Oryzias latipes); (ii) cyclic 

AMP production in immature trout (Salmo gairdneri) gonads. Problems 

in obtaining sufficient quantities of pituitary glands precluded the 

completion of this, part of the project. 

4. Seasonal changes in the concentration of gonadotropic hormone 

Using a heterologous radioirrimunoassay technique, the concentrations 

of pituitary g6nadotropin in male and female powan were determined at 

approximately monthly intervals during a 17 month period. The pituitary 

gonadotropin concentration was lowest in both sexes in July (about 2 

mu/g in males, and about 4 mu/g in females). Concentrations then rose 

to about 11 mu/g in males and 9 mu/g in females at spawning time. 
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After spawning, gonadotropin concentrations remained high in both sexes, 

with some fluctuations, until about Aprilp when they gradually declined 

to their July minima. 

Seasonal changes in the concentrations of steroids 

Using a radioimmunoassay technique, the serum testosterone and 

oestradiol-17if concentrations were determined at approximately monthly 

intervals during a 13 month period. The testosterone concentration 

in male powan was at its lowest in February (about 0.5 ng/ml). The 

concentration then rose gradually to its highest level (about 20 ng/ml) 

at or just prior to spawning. In females, the serum oestradiol-17a concen- 

tration was also at its lowest in February (about 0.5 ng/r. -. 1). The concen- 

tration then rose gradually to a peak (about 15 ng/ml) in late October 

to early November. Thereafter levels declined to the minimum in February. 

Electrophoretic profile of serum and total serum protein concentration 

The electrophoresis of powan serum was carried out using 7.5% poly- 

acrylamide gelcontaining 0.1% sodium dodecyl sulphate. About 18 protein 

bands were separable, with molecular weights ranging from 20,000 to 

over 200,000. Sexual and seasonal variations were observed. Total serum 

protein concentration measured by the methods of Lowry, Bradford, and 

spectroscopy, also varied as between the sexes, being'higher'in males 

than in females, and seasonally with maxima for both males (8-3 9/100 

ml) and females (8-5 g/100 ml) in July. 
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PLATE 2. (x 800) 

Sagittal section of powan embryo 25 days after 

fertilisation, 3 )lm, Flasson's trichrome stain. 

IN - infundibulum; m- me3oderm; 

RP - Rathke's pouch; R- roof of mouth. 

PLATE 3. (x 800) 

Sagittal section of embryo 50 days after 

fertilisation, 3 pm, Vasson's trichrome stain. 

V- ventricle III; P- pituitary; R- roof of mouth. 
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PLATE 4. (x 800) 

Sagittal section of embryo 2 months after 

fertilisation, 3 pm, Masson's trichrome stain. 

V- ventricle III; P- pituitary; 

R- roof of mouth. 

PLATE 5. (x 800) 

Sagittal section of fry 0-24 hours after hatching, 

3, pm, Fasson's trichrome stain. 

V- ventricle III; SV - saccus vasculosus; 

n- neurohypophysis; P- pituitary. 
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PLATE 6. (x 800) 

Sagittal section of fry 4-6 weeks after hatching. 

pm, Asson's trichrome stain. 

V- ventricle III; n- neurohypophysis; 

PR - proadenohypophysis; MS - mesoadenohypophysis; 

MT - metaadenohypophysis; R- roof of alouth. 

PLATE 7. ''(x 800)" 

Sagittal section of fry 2 months after hatching, 

3, pm, Massonlsýtrichrome stain. 

n- neurohypophysis; PR - proadenohypophysis; - 

M- mesoadenohypophysis; Mr - metaadenohypophysis. 
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PLATE 8. (x 800) 

Sagittal section of fry 3 months after hatching. 

3 pm, Fasson's trichrome stain. 

V- ventricle III; n- neurohypophysis; 

PR - proadenohypophysis; MS - mesoadenohypophysis; 

Mr - metaadenohypophysis. 

PLATE 9. (x 800) 

Sagittal section of fry 6 months after, hatching, 

3 pm, Masson's trichrome stain. 

V- ventricle III; n- neurohypophysis; 

lf - luteotropic follicle. 
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PLATE 10a. (x 300) 

Parasagittal section of fry 6 months after hatching; 

3 )lm, Masson's trichrome stain. 

V - ventricle III; n -. neurohypophysis; 

P - pituitary; SV - saccus vasculosus. 

PLATE 10b. (x 300) 

Sagittal section of fry 6 months after hatching, 

3, pm, Masson's trich rome stain. 

V- ventricle III; n neurohypophysis; 

P- pituitary; SV - saccus vasculosus. 
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PLATE 11. N 100) 

Parasagittal section of adult powan pituitary, 

3, pm, Masson's trichrome stain. 
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PLATE 12. (x 400) 

Horizontal section of rostral pars distalis/proadenohypophysis, 

5, pm, Masson's trichrome stain. Luteotropic follicles (LF) 

and adrenocorticotropic cells (A) are visible, 

the latter mainly in juxtaposition to the neurohypophysis (NH). 

PLATE 13. (x 400) 

Sagittal section of rostral pars distalis/proadenohypophysis, 

5 pm, Herlant's stain. Luteotropic follicles (LF) 

and adrenocorticotropic cells (A) are visible, 

the latter mainly in juxtaposition to the neurohypophysis (NH). 
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PLATE 14. N 400) 

Horizontal section of boundary between rostral and proximal 

pars distalis (proadenohypophysis and mesoadenohypophysis), 

5 lim, Fasson's trichrome stain. A luteotropic follicle (LF) 

is at the top right, with nearby a group of adrenocortocotropic 

cells (A). The majority of the cells are greenish-blue 

gonadotropic cells (G), interspersed with somatotropic cells 

(S), with very dark nuclei, mainly close to the neuro- 

hypophyseal tissue (NH). 

PLATE 15. N 400) 

Horizontal section_'of proximal pars distalis (mesoadeno- 

hypophysis), 5, pmt Masson's trichromý stain. To-the bottom 

, right is neurohypophyseal tissue (NH), with groups of somato- 

tropic cells (S) contiguous with it. Gonadotropic cells (G) 

form the core of the lobules extending towards the top left 

of the section', where darker pars intermedia (metaadenohypo- 

physeas) cells (M) aýe apparent. Capillary blood vessels are 

.,, conspicuous. " 
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PLATE 16. (x 400) 

Sagittal section of proximal pars distalis (mesoadenohypophysis)t 

5 i1m, Periodic Acid-Schiff/Halmi counterstain. Intensely 

stained gonadotropic cells (G) forming a core to lobulest 

with pars intermedia (metaadenohypophyseal) cells (M, ) lying 

between them-and ramifications of the neurohypophysis (NH). 

PLATE 17. (x 400). 

Sagittal section of proximal pars distalis-pars intermedia 

boundary, 5Pm, paraldehyde-fuchsin. Vany of the cells on 

the left are gonadotropic, and heavily stained purple, 

interspersed with yellow/green somatotropic cells (S) and 

neurohypophyseal tissue (NH). On the right, pars intermedia 

(metaadenohypophyseal) cells (M), surround ramifications of the 

neurohypophysis (NH). 
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PLATE 18. (x 400) 

Horizontal section of pars intermedia (metaadenohypophysis)v 

5 jim, Masson's trichrome stain. Note extensive neurohypophyseal 

tissue and capillary network. 

PLATE 19. (x 400) 

Sagittal section of pars intermedia (metaadenohypophysis)t 

5 pm,, Paraldehyde-fuchsin. ' -Relatively unstained pars intermedia 

cells (M) surround ramifications of theneurohypophysis in 

which th'e-octapeptide hormones (or their carrier proteins) 

have been stained, intensely. 
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PLATES 20,21. (x 1800) 

Phase and fluorescence micrographs of powan pituitary 

gonadotropic cells treated with antibody to luteinising 

hormone. The presence of fluorescence in the cytoplasm of the 

gonadotropic cells is clearly visible. 
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PLATE 22. (x 4600) 

Luteotropic cells in the p road enohyp op hysis (rostral pars distalis)- 

The main group of cells forms part of a follicle whose lumen is 

situated beyond the bottom left-hand'corner of the plate. ýbst 

of the cells are sectioned transversely or obliquely, except for 

the one on the right (starred), which shows the typical elongate shape* 

Transversely-sectioned nuclei (N) show typically irregular outline 

and conspicuous chromatin patterning. Granules (G), vesicles M 

and mitochondria (M)'are abundant. Rough endoplasmic reticulUm (ER) 

is conspicuous, chiefly towards the opposite end of the cell from 

the granules. 

PLATE 23. (x 3640) 

Luteot 
I 
ropic follicle in the proadenohypophysis (rostral 

pars distalis). The lumen of the follicle is more or less central$ 

but out of the plane of the section. Most of the cells have been 

sectioned more or less transversely, so that the elongation of the 

nuclei and mitochrondria is not evident. Part of a second follicle 

is visible top, left, and below it, neurohypophyseal tissue (NH) and 

a small blood-vessel (BV). 
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PLATE 24. (x 3640) 

Luteotropic cells in the proadenohypophysis (rostral pars 

distalis), sectioned sagittally and parasagittally. The 

lumen (L) of the follicle of which they are part is on the right. 

The cells are radially elongated, as the nuclei (N) and the 

mitochondria (M). Granules (G) are sparser at the end Of 

the cell nearer the lumen. 

PLATE 25. (x 
_6340) 

The same section as in Plate 24. The lumen of a follicle 

is on the right, outwith the plate. The cells, nuclei (N) and 

mitochrondria (M) are radially elongated, and numerous clear 

vesicles (V) are apparent. 





PLATE 26. (x 24000) 

Part of a luteotropic cell in the proadenohypophysis. (rostral. 

pars distalis). A cilium (C)t sectioned transversely, is visible, 

with "haloed" granules (G), mitochondria (M), vesicles (V). 

PLATE 27. (x 24000) 

Luteotropic cells in the proadenohypophysis (rostral pars 

distalis), showing cilia (C)and other details as in plate 26. 
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PLATE 28. (x 6320)' 

Adrenocortical cells and part of a luteotropic cell (LC) in the 

proadenohypophysis (rostral pars distalis). Electron-dense, 

irregular nuclei (N) are typical of the adrenocortical cells. 

Some of the. adrenocortical cells show a few granules (G), 

and others none. Neurohypophyseal tissue (NH) lies at the top 

of the plate, with a small blood-vessel containing an 

erythrocyte (E). 

PLATE 29. (x 10,000) 

Adreno cortical cells and (above and below) luteotropic 

cells (LC) in the proadenohypophysis (rostral pars distalis). 

Legend as for Plate 28. 
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PLATE 30. (x 4600) 

Section through the proadenohypophysis (rostral pars distalis), 

showing adrenocortical cells forming a layer in apposition to the 

neurohypophysis'. Nuclei (N) are electron-dense with inconspicuous 

chromatin patterning and of very irregular shape. Many 

vesicles M_ lie in the sparse cytoplasm. A few granules (G) 

are visible. 

PATE 31. (x 6320) 

Mouse-like cells (M) in the proadenohypophysis amongst presumed 

ACTH cells. Two cells with irregularly shaped nuclei and 

conspicuous nucleoli are situated in the lower half of the 

plate. Three presumed ACTH cells (A) are also visible in 

the upper half of the plate. 





PLATE 32. (x 10,000) 

Group of somatotropic cells (SC) in the mesoadenohypophysis 

(proximal pars distalis). The granules at the top and bottom 

of the plate appai-ently associated with the somatotropic 

cells are in fact part of gonadotropic cells (GC), most Of 

which lie outwith the plate, at the top and the bottom of 

the plate. 

PLATE 33. (x 8000) 

Somatotropic cell (SC) beside neurohypophyseal tissue (NH). 

The small volume of cytoplasm, devoid of granules is 

characteristic. The other cells are gonadtropic (GO. 





PLATE 34. '(x 3640) 

Section through the mesoadenohypophysis (proximal pars 

distalis), showing somatotropic (SC) and gonadotropic cells (GC) 

in juxtaposition to neurohypophyseal ramification (NO. 

6 

PLATE 35. . (x 3640) 

Section through the mesoadenohypophysis (proximal pars 

distalis), showing somatotropic (SC) and gonadotropic (GC) 

cells. A typical grouping of somatotropic cells is visible. 
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PLATE-36. (x 6320) 

A gonadotropic cell in the mesoadenohypophysis (proximal 

pars distalis) (with group of somatotropic cells [SCI on 

the left). The circular-oval nucleus (N) is conspicuously 

patterned. The cytoplasm contains numerous granules and 

vesicles, and rough endoplasmic reticulum (ER) is conspicuous. 

"Dense bodies" (DB) are present in the cytoplasm. 

PLATE 37. (x 14900) 

Gonadotropic cells in the mesoadenohypophysis (proximal 

pars distalis), close to neurohypophyseal ramifications (NH). 

Granules, mitochondria (M), vesicles (V) and a "dense body" (DB) 

are visible. 
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PLATES 38,39. N 100) 

-Ooctyes before (above) and after (below) incubation. 

Only incubation with HGC induced ovulation. 
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PLATE 40. 

SDS/polyacrylainide stel electrophoresis of powan serum. 

(All fish were from the same catch). 

a 

PLATE 41. 

SDS/polyacrylamide gel electrophoresi3 of serum from human 

and powan. 

S- standard; P- powan; H- human. 
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PLATE 42. 

SDS/polyacrylamide gel electrophoresis of* male powan serurn 

from January (left) to December (right). 

PLATE 43. 

SDS/polyacrylamide gel electroptioresis of ferijale powan 

serum from January (left) to December (right). 
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