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L RUDUG T LVE

Zatroduction
The survival of any species in a seasonally umstable emviron-

ment is dependent primarily on that species adjusting its breeding season
go that offspring are reared at the most favourable time. In the fishes
the teleosts have received by far the greatest amount of attention, not
least because of the existence of approximately 20,000 species. Al=-
though only a few of this vast mmber have been inveastigated, and these
are restricted to a few orders, in most teleosts species the process of
spawning is limited to & relatively brief time span (Breder and Rosen,
1966), However, one must not gemeralize, since, as Hoar (1955) has
pointed out, the teleosts have exploited the whole gamut of reproductive
devices kmown in vertebrates, and thus as wide a coverage as possible is
desirable. Munro et al, (1973) showed that the majority of thirty five
species of Caribbean reef fish examined monthly over a period of two
years spawned throughout the year, although a peak in spewning is reached
when water temperatures are minimal in February, March and April.
Furthermore, the biomass of reef fish eggs in the plankton is approxie
mately twelve times greater in the above mentioned period than in the
period from June until Decembex.

Hyder (1969a, 1970) encountered males of Tilapis leusosticts,
I, pigre end T, 2illi in various stages of sexual maturity at all times
of the year, although spawning in T, leucogticta corresponds to the
period of highest temperatures and the omset of the rainy season. Evi-
dence has been produced which shows a close relationship between flooding
and spawning in several tropical species (Khanna, 1958; David, 1959;
Tang, 1963). Thus even near the equator, where daylemgth is approximately
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twelve hours throughout the year, and annual temperature fluctuations
apé minimal, the fish investigated have all shown some degree of annual
cyolicity in their reproduction,

0f those species that have been studied intemsively enough to
establish a definite anmual cycle of reproduction, in only a few have
the envirommental and hormonal factors controlling the cycle been in-
vestigated. Major contributions to the effects of envirommental
factors, mainly temperature and photoperiod, on the reproductive pattemms
have been provided by Sundararaj and his co-workers, working with the
catfish, Heteropneustes fossilis, de Vlaming, on the estuarine gobiid
fish, Gillichthys virabilis (ﬁee Sundararej and Vasal, 1976, and de
Vieming, 1974, for reviews) and Baggerman (1969, 1972) with the stickle-
back, Gasterosteus aculeatus.

There ie fairly extensive informetion available on histo=
physiological studies of the cyclical changes in the gonads of a number
of species of fishes (for specific references see Hoar, 1965), but much
less on hormonal amrmual cycles. The pituitary regulation of the gameto-
genic activity of teleosts fishes was firmly established in the pioneer
studies of Vivien (1938, 1941) and Matthews (1939), and has been des-
cribed many times since. Successful hypophysectomy has been acoomplished
in only a few species, but it has demonstrated that the pituitary is
essential for the development and maintenance of the larger ova and for
the further development of spermatogonia (Pickford and Atz, 1957; Barr,
19632, b). Numerous individual observations have been made on the
gonadotrophic activity of the pituitary of many species of teleosts, but
frequent observations throughout the breeding cycle of any one species

are rare (Pickford and Atz, 1957). Gerbilskii, 1940; Kazanskii, 1951,




1952; Fontaine and Chauvel, 1901; Clemens and Smeed, 19(¢2; and Clemens
and Johmson, 1965, using a variety of bioassays, have all shown that
pltuitary gonadotrophio activity is low following spawning or during
gonadal regression, but is relatively high during most other times of
the year. GSwift and Pickford (1965) etated that maximal gonadotrophic
activity io the pituitary of the Perch, Parca fluviatilig, waa highest
Just prior to spawning and lowest during the gonadal quiescent stage;
similar observations have been reported in Pleuronectes platessa (Barr
and Hobson, 196l) and Mystus vittatus (Singh, 1570). In the breanm,
Abramig brama, gonadotrophie potency of the pituitary is as great in
the spring as in the fell, but cytological investigetions suggesied that
gonadotrophic cells are most active in the spring (Gerbilskii, 194D).
De Vlaming (1972) reported that pituitsries obtained from Gillichthys
mirabilis with regressing gonads were just as effective as pituitaries
from fish undergoing testicular recrudescence in stimulating spermato-
g@enesis in hypophysectomized fish of the same species. Although there
may be little difference in gonadotirophin content of pitultaries from
Gillichthys with regressed and active gonads, Zambrano (1971) suggest
that there mey be differences in the ratio of hormons secretion.
Eowever, although most limes of evidence suggest that it is
the gonadotrophice principle which is of primary importance to the
seasonal development of fish gonads, the above biczassay studies mmet be
viewed in the light of species specificity vhen different species are
used as test and donor animals (Licht end Papkoff, 197¢), evem within
the same oxder (lLicht and Midgley, 1976a}. Also Campbell and Idler
(19?6) have shown that a glycoprotein preparstion from teleosts pituitaries,

which has the zbility %o induce ococyte maturaiion and ovulation in the



hypophysectomized Winter Flounder,Pseudopleuronectes smericanus
(Campbell, 1975), a classical gomadotrophic activity, fails to stimulate

gonadal incorporation of the yolk which accummlated in the serum. In
contrast, the nonglycoprotein fraction of these pituitaries stimulated
yolk incorperation into the ovary.

Direot evidence for gonadotrophin release during reproductiwve
cycles of fish is limited (Breton et al., 1973). Crim et al. (1975),
using an homologous radioimmunoassay for salmon gonadotrophin (Crim et al.,
1973), demonstrated that sexual maturity of both males and females was
related to significant increases in plasma gonadoirophin concentration,
with the highest values observed being females near the time of owvulation.
in ovulatory surge of gonadotrophin in the female goldfish was directly
confirmed by Breton et al., 1972, using an homologous carp radioimmuno-
assay.

The effects of exogenous sex stercida, both mammalian and
syothetic, on sex accessory organs, secondary sex characters and sexual
behaviour in female teleosts have been examined many times. The resultis
of these experiments combined with the effects of owariectomy leave little
doubt that development of secondary sex characters and sexual behaviour
is controlled by gonadal steroids (see reviews of Pickford and Atz, 1959
Ball, 1960; Dodd, 19603 Bern end Nandi, 1964; Hoar, 1957, 1965;

Rardi, 1967; Baggerman, 1968; Barr, 1968; Liley, 1969, 197235 and
Reinboth, 1972, for a summery of this work). In male teleosts injections
of testicular extracts, and castration followsd by replacement therapy,

have established that the testez are a source of androgenic sex hormones
upon which the state of development and functional activity of secondary
sexual characteristics and sexual behaviour depend (see reviews cited above).




Although there is voluminous literature on the identificationm,
synthesis and effecte of sex steroids, there are very few reports of
changes in plasma sex stercids accompanying changes in the gonads of
teleosts. Changes in androgen levels for both sexes during the spawning
process vere found in sockeye salmon, Oncorxhynchus perka (Grajcer and
Idler, 1951; Schmidt end Idler, 1962; Idler, 1969). Schreck,
Flickenger and Hopwood (1972) demonstreted that immature rainbow trout,
Salmo gaironerii, had lower plasms androgen levels than mature trout,
and Cedard, Fontaine and Nomura (1961) reported oestrogen concentration
of Altantic salmon, Salmo salar, increases over the period of the spawning
migration. Androgen levels of both male and female goldfish clearly
followed temporal patterns with the highest levels during spawning
(Shreck and Hopwood, 197L4) as did the ocestrogen levels of the female,
although not of the male.

Eleftherioun et al. (1966} have shown that an increase in plasma
oestrogens occurs with an increase in ovary weight in the chammel catfish.
Recently Campbell et al., (1976) have shown that in plasma from male Winter
Flounders testosterone concentratione changed only slightly during the
anal cycle but 1i-ketotestosterone concentrations rose dramatically
near the time of spawning. Testosterone levels were highest prior to
spawning in plasma from female fish but the concentration of 1i-keto-
testosterone remained extremely low throughout the year. This contrasts
with the results of Wingfield (1973) and Wingfield and Grimm (197L) who
found, using radioimsmnoassay, that plasme testosterone concentrations
fell in both sexes of the plaice, Pleuronectes platessa, prior to spawning.

Besides the sex stercids, a number of other steroids have been
implicated in the control of reproductive processes such as meiotic msturs-
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tion of teleosts oocytes (see review by Jalabert, 1976). These in vitro
study techniques have shown that gonadotrophic action of the pituitaxy
is probably mediated by direct steroid action on oocyte maturation in a=
mmber of species, However, according to the species studied and the
authors, conclusions are contradictory as to the nature of the sctive
steroids, their site of production, and the link between in vitro matura-
tion and ovulation. These studies gave no attention to ammuel changes
in the steroids until recently, when Campbell et al. (1976) showed that
the ratio of cortiscl to cortisone concentrations underwent an anmual
cycle which is similar in plasma from both sexes of the Winter Flounder.
However, this cycle was not directly related to the reproductive gycle,
and was considered to reflect possible changes in feeding activity.

Elasmobranchs, although they are an extremely ancient class
which has been separated from the other vertebrates for more than three
hundred million years, have received o good deal of attention from
comparative anatomists and histologists (see Perks, 1969, for specific
references) though relatively little from physiologists (Dodd, 1975).
Living elasmobranch fishes can be divided into two main groups, the
Eutglachii and the Holocephali, MNothing is known of the reproductive
mimlogy in the latter group, and little has been reported for the
selachians until recently. These comprise the Hypotremata (skates and
rays), which are mainly oviparcus, while in the Pleurotremata (sharks and
dogfishes) oviparity, ovoviviparity and true viviparity are found
(D'Aubrey, 1963), and all these methods, with the possible exception of
oviparity in some specles, appear to involve well dafined reproductive
cycles (Dodd, 1972).

Hotes on the reproductive cyclicity of oviparous dogfishes and
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skates are available for = disparate array of species; most of the datas
being obtained incidentally, while investigating other species, or as
aquarium observations. De Lacy and Chapman (1935) noted that among the
San Juan Islands egg-capsules of REaia binoculata may be collected
throughout the summer. In early June egg-capsules containing well
advanced young were frequently trawled, while in August freshly deposited
egg-capsules were not uncommon, thus indicating a possible limited spawning
period. However, Clemens and Wilby {1961) believed that the egg~capsules
were laid the year round, this being supported by Hitz (196L) who found
egg-capsules containing embryos at all stages of maturity in a single haul
of 2 dredge. Hevertheless these cobservations do not exclude the possi-
bility of a peak season as McEachran (1970) found 45.8)% of adult Reia
Zarmani females with egg-capsules in the summer as opposed to 16.T% in the
winter. Viadykov (1936) found that the breeding season of Baia disphanes
in Canadisn Atlentic waters is during September; this being partly con-
firmed by Scattergood (1951) who observed females of the same species
containing egg-capsules in the same month slong the Maine coast. Clark
(1922) studied the reproduction of eleven different species of skate and
ray occurring at Flymouth. The mejority of egg-capsules were found in
April, May and June, although these months represent the period of intensive
fishing for skates and rays and therefore may nqt reflect the full extent
of the breeding season. Holden et al. (1971) maintained R. clavata,
R._brachyure and R, montagui in the lowestoft aquarium and noted egg-laying
in 211 three species during the spring, although it appesred that R. montagui
had o shorter breeding season than either of the other two species; but
unfortunately observations were limited to a few individusls.

The most compleie account of a reproductive cycle in the skates



and rays comes from Du Boit (1976), who observed between six and seventeen
individuel females of B, nsevus each month over a sixteen month period.
She observed egg-capsules throughout the year, comtrary to Claxk (1922)
who found them only from February to June, and by plotting the frequency
of five arbitrarily defined developmental stages of cocytes per month
throughout the period of study was eble to show the absence of any ovarian
cycle.

Within the oviparous sharks and dogfishes, Scyliorhinus csniculs
has received by far the most attention because it is very common around
the shores of Creat Britain end its smell size emables it to be maintained
successfully for long periods in aguaria. Ford (1921) exsmined S, caniculs
landed by fishermen at Plymouth and presented strong evidence that egg-
capsules may be deposited in any month. His results suggested that egg-
deposition takes place principally during the spring and summer, and is
least during the sutumn., The same conclusion wes reached by Melton (1939),
wvho found over 50% of the dogfishes examined between December and July
had egg-capsules in their oviducts, while less than S% did during September.
Harris (1952) studied the dogfishes supplied to the Department of Zoology
at Bristol and concluded that breeding starts in November, when only 18%
of the femzles are carrying egg-capsules, and continues at least until
July. All three st;ldias demonstrated that September and October were
the months of no or lesst egg-laying activity, the maximm rate occurring
 during the spring (see Table ) for a numerical analysie of these data).
Foxd (1921) also studied egg-capsules of the FNursehound, Scyliorhinus
gtellaris, and found the developing embryos were separable into two distinect
size groups, so concluded that the breeding season had definite limits.
_ The only other observation on oviparous dogfishes or sharks concerns the



which deposited egg~-capsules during

February and March when maintained in an aquerium (Dempster and Herald,
1961).

Most non-oviperous elasmobranchs appesr to have a well defined
reproductive oycle. In Mustelus canis, a viviparous species living off
the east coast of NHorth America, parturition and copulation succeed a
gestation period of ten months, and ovulation is said to be copulation-
dependent (Hisaw- and Abremowitz, 1939). A very similar oycle was found

in the Japsnese dogfish, Mustelug manazo, by Teshima et al. (1971). The
spiny dogfish, Squalus acanthiss, is of special interest to biologisis

because of its unique reproductive cycle. Ford (1921), in his study of
the life history of dogfishes of the Northeasterm Atlantic, wes the first
to discover the long gestation period of 22 months. His observation was
subsequently confirmed for the Northwestern Atlantic by Templeman (19L44)
and Hisaw and Albert (1947); for the Northeastern Pacific by Hart (1942)
and Bomham et al. (1949); and for the Northwestern Pacific by Yamamoto
end Kibezaki (1950). Interestingly, as Ketchen (1972) pointed out,
whereas 5, scanthias of the BHorth Atlantic and Northeastern Pacific gave
birth %o their young in the late fall end winter months, these events are
delayed until the late spring in the HortHwesterm Pacific. This diffe
rence cannot be readily associated with envirommenmtal differences among
areas since, superficially at least, the temperature domains of dogfishes
in the Sea of Japan, the NHorthwestern Atlantic and Northern North Sea

are not noticeably different.

reproductive season in the Sea of Japan, embryoe representing all develop-
uental stages were found during the short collection periocd (Teshima and
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Mizue, 1972), whereas z closely related species, C, milberti, distributed
in the waters of the Eastern coast of North America and in the East China
Sea, mates in the spring or sarly summer, with the time of birth being
from March until August the following year (Springer, 1960).

Although there is thus a large amount of literature demonstrating
elasmobranch reproductive cycles, virtually only a single species, the
lesser spotted dogfish, Scyliorhinus canicula, has been studied experi-
mentally, and meny important questions ave still unresolved. But, as
Dodd (1975) points out, there is no case for gemerzlizing o other
elasmobranchs from the dogfish.

0f the work on elasmobranch ste:;o:tds, few mention seasonal
variations. Fletcher et al. (1969) qmﬁitated testosterone levels in
male and female plasma ofthaakateﬂai,am a caught during summer
months and compared them to levels found in the same species by Idler
and Truscott (1966) in fish caught in February; the females showing
lower levels in the winter, although the males showed no significant
change with season. ILupo di Prisco et al. (1967) assessed the plasme

levels of various steroids in Po ata at several stages of the

sexual cycle in .famles, though their results have been brought into
question with a general criticism of the method used for measurement of
oestrogens by Eik-fes and Horning (1968). Recemtly Dobson (197L) and
Sumpter (1976) have demonstrated marked seasomal cycles of both testo-
sterone and ocestradiol as measured by radiocimmmosssay, in plasms of
both sexes of S, canigcula,

The elasmobranch pltuitary shows an unusually great degree of
subdivision into regions (Dodd et al., 1960). Rostral, median, ventral
and neurcintermediate lobes are easily recognizable, and largely separate




wfi=

from each other, the latter fusing with the neurohypophysis to fom =
neurointermediate lobe. The ventral lobe appears to be the main source
of gonadotrophic activity (Scanes et al., 1972), and Dobson (197L) has
demonstrated by bioassay of total gonadotrophin that the male at least
possesses a well marked amnual cycle of gomadotrophic contemt., HRecemtly
Firth and Vollrath {1973) have demonstrated that the median lobe contains
luteinizing hormone-3ike gonadotrophic activity, and this alsc appears to
show some seasonal variztion in the male but not the female, although
the data are less convineing than those of Dobson, being based on only
gix samples throughout a yeaxr.

The thyroid gland has also been implicated in elasmobranch
reproduction, although until recently this was based only upon histological
studies. Banzi and Zozza (1936) and Olivereau (19L9a) have reported that
gestation in Torpedo marmorsta is accompanied by high thyroid activity and
hyperaemia of the gland, Olivereau (1949b) found that the onset of sexual
meturity in §. capniculs is associeted with signs of increased thyroid
activity; further, in mature females the thyrosomatie index (T.5.I.) is
approximately twice that of males, and there is a cyclical intemsification
of thyroid activity related to reproductive function. The results of
recent experimental work on the effects of thyroidectomy on vitellogenesis
(Lewis and Dodd, 197h) eppear to indicate that thyroid hormones are im-
plicated in vitellogenesis.

The last major group of fishes are the cyclostomes, which are
the most ancient of living vertebrates. The Class comprises two very
different Orders: the Myxinoidae or hagfishes, with only two or three
living species, and the Petromyzonidae or lampreys with 31 living species.
Viost comtemporary hagfishes live in the deep sea in perpetual darkness and
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thermel constancy and thue lack envirommental cues by which a reproductive
cycle might be regulated. Furthermore, the portal vessels, through which
information is transferred to the adenohypophysis, are apparently lacking.
Thus the lack of a synchronized cycle of maturation of eggs (Gorbmamm

et al., 1963) seems to be consistent with the externsl and imternal

situation in Polistotrems. w on the other hend, appears
to show an annual mig:zat}ﬁafmithedup sea and while in shallow water,
where it is exposed to envivonmental informastion, the eggs mature.
Kobayashi and Uemurs {1972) demonstrated a region in the ventral wzll of
the neurchypophysis of the hagfish which, they state, has all the charac-
teristics of = median eminence, and they believe this system may con-
stitute the co-ordinating mechanism for the seasonal reproductive cycle

H found in -E—-M@é

lampreys breed only once and then die, and this is reflected

in the fact that the goneds mature only in the last year of the animals*
lives and contain only a single crop of germ cells; these show virtually
synchronous development (Dodd, 1960; Evennett, 1963). Iarsen (unpublished,
quoted in Iarsen and Rothwell, 1972) believes that the timing of sexual
maturity is controlled by temperature and that light plays no part in it,

7 50 that central nervous co-ordination may mot be required.

In summary, most species of fish studied appear to have a
definite reproductive c¢ycle, and this seasonality is reflected in changes
within the endocrine system. OSome oviparous elasmobranchs sppear to
possess en extended egg-laying season or continue to lay throughout the
year, although the intensity may vary. However, they still appear to

show definite endocrine cycles where these bhave been studied. The only
real exception so far uncovered is a single species of hagfish, which is
atypical in living in 2 habitat that appears stable throughout the year.



1)  FPish HBushendry

Specimens of Scyliorhinus canicula were obtained by trawling

in Caernarvon Bay and Liverpool Bay, off the coaat of North Wales, at
depths between 10 and 50 metres. Immediately after capture six to ten
fish were transferred to each shallow-polythene tub (60 x 45 x 2L cm)
approximately two-thirds full of fresh seawater. lMovement of fish was
very restricted in these tubs, and fish usually lie still in close
proximity to one another. The water was periodically replaced at ses,
especially during the summer months when fish were lesa liable to survive,
more so if crowded. Fishing trips usually lasted one day, although
occasionally longer trips were undertaken and in this case the fish were
maix;tainad in a single much larger tank (approximately five cubic metres
capacity) in which fresh seawater was constantly circulated.

Upon return to the Fuffield Marine laboratory at Menmai Bridge
the fish were placed in fibre glass tanks; white, grey or black with
approximate dimensions of 1.3 x 0.7 x 0.3 metres depth. A constant
supply of recirculated, filtered seawater was run through the tenks which
were part of a closed system incorporating two large gravel filters plus
an air supply to each tenk, TUnder these conditions survival of fish was
very good, and even wapredictable difficulties 1iKe the breakdown of
pumps and failure of the electricity supply resulted in little or no loss
of fish if they were discovered fairly soon.

Fish were also collected on a monthly basis over a period of one
year from Plymouth. These were captured by trawling, usually in deeper
water than around the coast of Anglesey, maintained alive in tanks on the
boat, then deep frovzen on arrival at the Marine Blological Station at
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Plymouth by members of the station staff. On one occasion five monthly
semples, varying between 10 and 18 fish, were collected from Plymouth
and driven to Wales, being meintained on ice in transit. On another
occasion the remaining monthly samples were examined at Plymouth.

From both collections of fish only those that were sexually
mature were used for the anmual cycle. In general mature females are
above T50 g in weight, although sometimes larger immature fish are found.
Thus the state of maturity was assessed by examination of the cloaca.
Immature fish have a hymen occluding the oviduets, whereas mature fish
have open cviducts.

For all ammuel c¢ycle data fish wers sampled on the morning
after capture; they had therefore been maintained in the seawater system
for approximately 12 hours. Samples were taken approximately one month
apart and covered & period of eighteen momths in 1974 and 1975. Fish
were lightly amaesthetised in an 0.05% solution of MS 222 (Sandoz) in
seawater, blotted dry with a towel and weighed to the nearest 1 gon a
Mettler P1200 top pen balance. Two ml of blood was withdrawn from the
caudal simus of each as follows. The fish was placed flat, ventral
aideuppemst,anﬂnﬂ@mdloattwhaﬂtoa?mlphﬂiem&nm
inserted into the midline about 3 cm behind the cloaca at a slight angle
pointing forwards. It was pasaed slowly inwards until the base of the
vertebral column was reached, then withdrawn a few millimetres and the
plunger withdrawn slowly. With experience 2 ml of blood can be collected
very easily this way, or if it fails initially slight movements of the
needle tip will facilitate collection. The blood was spun immediately
in 2 smell Piccolo (Herameus Christ GMEH, Germsny) cemtrifuge at 1000 rpm
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for a few minutes. Clotting did not occur even without the use of
heparin and the plasma sample was decanted into shell vials and stored
under deep freeze at «20°C until assayed for asndrogen or oesirogen as
described later.

The peritoneal cavity was then opened and the ovary removed
wvith a pair of fine scissors, blotted briefly on filter paper to remove
any surface liquid, and weighed to the nearest 0.1 g on the same Mettler
P1200 balance. The head of the fish was then severed at the level of
the spiracles and z block approximeitely 2 x 1 om, containing most of the
brain, removed by making two longitudinal cuts just inside each eye
sooket and a single transverse cut about 2 cm forwerd from the first
cut. The top and sides of this block were then removed using a scapel
to leave the brain sitting on the chondrocranium floor in which is e
bedded the ventral lobe (Figure 1), This lobe, housed in a depression,
is intimately attached to a tough comnmective tissue capsule. It is
tine consuming and difficult to dissect out this cepsule end thersfore
the fraction of the muss of the ventral lobe comprising the glandular
tissues is unknown. Dissection of the neurcintermediate lobe {(WIL)
and rostral plus median lobes (B+ML) was accomplished easily with the

2id of fine forceps and scissors.

Biosssay of gopadoirophin levels in the pituitary lobes of
dogfish wes achieved using the method of Ereneman et al. (1962) as
modified by Follett and Farmer (1966) and Follett (1970). This tech-
nigue iz a refinement of an earlier method using increase in testicular
weight of day old chicks as the parameter of gonadotrophic activity



The upper disgram shows the pituitery lobes in longitudinal

section, ihe lower in veniral aspect.

HIL = neurointermediate lobe

ML = median lobe

RL = rostral lobe

VL = veniral lobe

8 = Baccus vasculosus

ii = lobi inferiores

Oc = optic chissma

Me = median eminence

III =  third veniricle of the brain

5t stalk comnecting the ventral and medisn lobes

i}
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(Breneman, Zeller and Beelmsn, 1959).

Studies with both partially purified mammalian hormones = moastly
ovine hormones from the National Imstitute of Health (NIH) - (e.g.

Brememan et al., 1952; Kemiyoshi et al., 1972) and more highly purified
hormone preparations (Licht,1973b) indicate that ~°P uptake by chick

testes is nonspecific for luteinizing hormone (I¥) and follicle-stimulating
hormone (FSH). A similar lack of discrimination is also evident for avian
gonadotrophine (Follett gt al., 1972), but no convincing evidence is
evailable on the specificity of the assay in dogfish (see pp.114 for
discussion of dogfish mmdctro;phin(a)). Throughout this work a single
batch of NIH-1H«S519 was used as the standard in all assays, but as Dobson
(1974) points out, this should not be taken as indicative of 1H activity
in the elasmobranch pituitery,

The specificity of the technique to gonadotrophing has been
demonztrated by several workers (Furr, 1969; Stetson and Exickson, 1970)
with respect to mammalisn standards. Thyroxine and oestrogen were shown
to be ineffective by Furr (1969), though testosterone at a dose of 100 yg/
chick gave a significent sugmentation of 2P uptake. Stetson and Erickson
{1970) demonstrated that prolactin had no effect, and both memmalian pro-
lactin and growth hormone tested in this laboratory (Scanes, tmpublished
observations) proved ineffective, Licht (1973b) showed that highly purified
18 and PSH, essentially free of cross contamination, showed little if any
synergism when tested together, so it seems reasonsble to conclude that
each type of gonedotrophin has intrinsic sctivity in this assay.

Various different protocols have been reported for the assay,
inoluding verying the site of injection, the time interval between stages,
or the amount of 2P injected (see Kamiyoshi, 1972, for specific references).
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Initially Breneman et al. (1962) obtained an index of precision of 0.1512
Z 0.0299 with between L0 and 52 chicks per dose, but Follett and Farmer
(1966), using only 7-10 chicks per dose, obtained values of 0.15L = C.OLk.

Cockerels {Thornber 909), obtained within 24 hours of hatching
from Mytholmroyd Hatcheriea Itd., Hebden Bridge, were kept in continuous
light without food or water from the time of collection throughout the
assay period. lNo bixds died during the period between injection and
sacrifice. Standard gomadotrophin (WIH-1E-519) was weighed immediately
before use on & Cehn Electrobalance to = 1 pg and dissolved in 0.9%
szline, then serially diluied to give standards at 6.0, 3.0 and 1.5 pg
per 0.2 ml. The lyophilized standard was stored in the deep freeze
betwesn assays and in this condition has been reported to maintain full
potency for a 12 month perdiod by Breneman st al. (1962). Venmtral lobes,
usually in groups of five, were removed as previously described and four
or [ive trensverse cuts made through sach lobe., 4t certain times of
the year a single ventrsl lobe per 2 ml was adequate., The slices were
homogenized in a 5 ml hand glass homogenizer containing 2 ml 0.9% seline.
This squashes the glandulay material out from the cartilage into sclution.
This was then pipetted out and 0.7 ml diluted by half to give two
logarithmically sepayated doses.

Hormones were injected subcutaneously in the nape of the neck
in 0.2 ml, using 6-10 chicks per dose; 1 jCi “°P was injested by the
same route 5 hours later; and the birds secrificed 22 hours after the
hormone injection. Six chicks were injected with 0.9% saline as centrols.
Groups of chicks were marked with coloured solvent pins. At sacrifice
the testes were removed, briefly blotted dry to remove surface body fluids,
and weighed on a torasion balance to the nearest 0.1 mg. 4e killing of
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chicks ecould take up to two hours, they were sacrificed in stxrict

rotation acrose treatments to counteract variability due to time., After
welghing, the tubes were placed on mumbered squares of Whatman filter paper
and dried under an infra-red lamp for spproximately 30 minutes. DIried
papers were dropped into previcusly backgrounded wials containing 5 ml
scintillator (i g PPO and 0.3 g dimethyl POPOP per litre in nitration

grade toluene) =nd counted to an error of + 2.79% (95 confidence limits)

in & Nuclear Chicago Unilux III liquid scintillation spectromester,

wuenching was totally absemt. Data were expressed as counts per mg

wet weight of testesn.

Estimates of potency were made with a procedure for four (2:2)

balanced factorial assays. If very low gonadotrophin levele were ine
dicated, & 2+1 format was adopted. Analysia of variance was carried out
using the method of Blisa (1952), with seversl wmknowns being estimated
in a zingle analysis of variance table to give mean potency and 25%
confidence limits. All potenciles are expressed as »e equivalents
HIE=1H-519 per lobe. Index of precision wes calculated for all assays
together with = function indiceting departure from parallelism.

Over a 2i-month period the response of the chicks to the staen-
dard doses of ILH-S19 showed little variation (Figure 2). Mesn values
(opm/mg (N)) from all data were: saline 36.06 (296); 0.625 pg NIH-1H-519
§1.13 (56); 0.75 pg L2.02 (176); 1.25 pg 48.70 (&h); 1.5 pg 50.92 (232);
. 2.5 pg 58.53 (Cl4)s 3.0 pg 60.10 (232); 5.0 pe 65.01 (6L); 6.0 pg T1.19
: (208); 10.0 pg 75.64 (LB); 12.0 pg 76.82 (80). Between 1.25 and
10.0 pg & log-linear duse-response relationship is obtained which may be
o vepresented by the line y = LL.L8 + 3.6%9 x. The mean index of precision
(A) of the first twenty assays was 0.263 = 0.102 (SH{), vhich is similar




Pigure 2:

Composite dose-response curve of memmalian LE (¥IH-1H-S19)

baszed on L;2 assays.
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to the values of 0.219 % 0.066 (43) revorted by Follett (1970) and
0.228 £ 0.092 (50) reported by Scanes (1972), but higher (P < 0.001)
than Follett and Farmer (1966 ) wherea A of 0.15L Z 0.04L (57) was
obtained. One must bear in mind, though, that both the source amd
gtrain of chicks veried in the different atudies.

The radicimmmosgsay for plasma tesicsterone developed by
Maung, S.L. (1976) was used. Antitestosterone serum was obtained from
Dr. Burton Caldwell of Yale University Medical School. It was prepared
in rabbits by injecting testosterone conjugated by an oxime link fyrom
carbon 3 of the steroid to bovine serum albumin., In later experiments
an antiserum prepared by Dr. B.J.A. Furr (I.C.I. ilderley Edge, Cheshire)
was used., This antiserum was prepared in a goat by injecting testo-
sterone=3=carboxy-methyl oxzime - B34,

Assays were usually carried out under conditions where 50% of
the labelled testosterone was bound to the antiserum in the absence of
unlabelled testosterome (Bound/Free ratio or B/F of 1). Initially,
therefore, a serial dilution of the entiserum was carried out to determine
the optimal dilution., This proved to be 1:1000 for the Caldwell antie
sexum and 1:4000 for that from Furr.

2.

All glassware used in the radioimmmnocassay wes cleaned as follows.
It was first left immersed in a concentrated solution of Pyroneg (Diversey
Ltd., Barnet, Herts, England), & specialized product for the cleaning of
laboratory glassware, for at least 2l hours, then transferred to a2 bucket
through which cold tap water flowed continually overnight, and finally
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washed twice in distilled water and twice in crude methanol before
drying in & warm oven.

Each plasma to be assayed (usually a 50 pl eliquot) wes added
to the bottom of a cleaned cemtrifuge tube (110 x 15 mm) followed by
epproximately 500 opm of “H testosterone dissolved in 50 pl diluent
(0.1 ¥ phosphate buffered saline, pE 7.0, containing 0.1% sodium azide).
Duplicate 50 pl samples were also added direct to scintillation vials to
enable the exact mmber of counts added to be calculated. Tubes were
mived briefly and left to stand for 15 minutes. The purpose of adding
the JH testostsrone is to calculate the percentage of steroid extracted
from the plasma., 2 mls of a 1:l mixture of diethyl ether:petroleum
spirit (60-80°C), both inalar grade, was then sdded and the tubes mixed
for approximately 2 minutes each, left to stand for 15 mimutes, the
process rvepeated, them spun briefly at 1000 rpm to get all the aqueocus
layer to tha botitom of the tube. Tubes were then plsced in the deep
freeze at -50°C %o freeze the aqueous layer, and the ether containing
the sxtracted stervid decanted into similar clean centrifuge tubes.

This was dried down in a water beth at 37°C under a stream of air and
finally redissolved in 170 pl of diluent with 0.1% BSAi added. With new
solvents between 70-90% extraction of testosterone was obtained, although
older solvents need redistilling 4o maintein this percentage extraction.
This wes usually umnecessary, bowever, because solvents were used too
quickly to warrant redistilling. |

Besides plasmas, each assay also contained at least one
distilled water blank and both a mature male and femazle dogfish plasma
pool which were included to check the reliability and inter-assay variation.
Ag Maung,S.L.(1976)has demonstrated, it is necessary to use the same volume
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of plasma throughout, here 50 pl, because by increasing the volume of
plasma extracted one decreases the level of testosterone measured, e.g.
uSo;alofph_.-smoxtuotchmalﬂolofSndll,than
500 pl of the same plassp would give spproximately 2.5 ng/al (Tsble 2).
This is a recurring problem in steroid radioimmunoassays not including
a chromatographic step.

Step 1: A standard solution of testosterone at a concentration of
2000 pg/S0 pl was prepared using crystalline, analytical grade testo-
sterone (Sigma).

50 pl aliquots of the standard solution were serially diluted
in triplicate in glass tubes (10 x 75 mm, flint glass, no. TF 10k,
Gallenkamp) to produce 1000, 500, 250, 125, 62.5, 31.25, 15.625, 7.82,
3.96 and 1.95 pg/tube. Duplicate aliquots of 50 pl of the unknowns
were added to further tubes, while a final 50 pl aliquot of the unknown
was added directly to a scintillation vial for recovery determination.
Three triplicates of blank tubes containing 50 pl of diluent were also
set up. The purpose of the blanks were as follows:

(a) ¥o antiserum added - these estimate the free counts not absorbed by
the charcoal.

(b) No charcoal added - these measure the total counts added to each tube.

(e) Ho unlabelled testosterone - these measure the maximum binding of
tritiated testosterone and provide the "100% binding® or the zero
point of the standard curve. )

Step 2: 50 pl of JH-testosterons (ga. 8000 cpm/50 pl in diluent) was

added to each tube. Very high specific activity (83 Ci/mM) tritiated

testosterone was obtained from The Radiochemical Centre (Amersham, Bucks.,




cat. mo. TEE 402; 1, 2, 6, T (n)-"H-testosterone dissolved in bensene)
and stored at -20°C.  Stock solutions were prepared by first drying down
15 jl of the JE-testosterone under en eir stream, and then adding 100 ml
of diluent. This solution was stored at L°C and was usable for at
least 3 months.
Step 3: The antj.aem/‘ were diluted in assay diluent to a concentration
of 131000 (Caldwell) or 1:4000 (Fuxrr) end 50 pl added to all tubes except
mﬁmw:ofbmm&min%pofmmt. The tubes were
briefly spun to get everything to the bottom, thoroughly mixed and left
at 4°C either for L hrs or overnight, both producing identical standard
curves.
Step Ls After incubation 1 ml of dextran-coated charcoal was added to
all tubes except the second set of blanks to which 1 ml of diluent was
added. The dextran coated charcoal solution contained 125 mg NHorit A
(Sigma), 12,5 mg Dextran T70 (Phermacia) and 50 mg gelatin per 100 ml of
diluent. It is essential that the charcoal be added rapidly so to
achieve this an "Oxford" dispenser, mounted on a magnetic stirrer to
ensure an even suspension, was used. Tubes were then mixed and exactly
15 mins after the addition of charcoal to the first tube they were spun
et 2500 rpm for 20 mins (GP-6, MSE Ltd., 25/28 Buckingham Gate, London,
8.¥.1). The supernatants were decanted into scintillation vials to which
was added 10 ml of scintillator. &5 ml of scintillator was added to all
recovery vials., The vials were left for at least 12 hours and then
counted in an automatic liquid scintillation spectrometer with a counting
efficiency of LO¥ for tritium.

As Maung, Z.W. (1976) showed, 2ll the radicactive testosterone
in the one ml aliguots was completely extracted from the agueous phase



into the scintillator within 6 hrs. The advantage of this method,

rather than mixing the agueous phase with a scintillator capable of
3 dissolving water (e.g. dioxan) was the constancy of quenching as shown
by the external standard ratio. The small variability mesnt that no
; quench correction was necessary.

Results®were calculated as ™% bindings" where the mean cpm
of the blanks containing no uniabelled testosterone are assumed to
represent 100. If more than a single spin is necessary, each one must
contain a set of blanks and the results for that spin calculated from

these, although little difference was found between spins in an indivi-
dual assay. It was usual to count the three blanks containing no
antisera first, and the mean cpm was then entered into the automatic
background substract of the counter. To check the assay the B/F ratio
in the tubes containing no unlabelled testosterone was also caloulated.
Typical standard curves for each antiserum are shown in Figure 3.

4. _Assay specificity
The cross reactions of the antitestosterone sera with other

ii.nmm-nmmm“ 1.  Dobson (1974) used Sephadex 1E-20

~ columns to separate testosterone and IHT in both male and female dogfish
? plasma. He concluded that the amount of IHT in the normal volumes of
 plasma used for assay did not justify an attempt at separation.

b The measurement of oestradiol by radicimmuncassay presents
.wmbl-ninthtmmummmmmtmm
_react appreciably with the other oestrogens oestrone (E1) and oestriol
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Table 1: Cross-reactions of steroids in the testosterons radioimmumnocassay

Steroid Antiserum

Purr Caldwell
Testosterone 100%" 100%"
Dihydrotestosterone 66.4 % 3.8 110
5 5 Androstane 3 3-17 8 -diol 8.8 Z 1.5 2.75
5 p Androstane 3« =17 3=diol 13.7 2 4.0 -
5 xAndrostane 3o~1T 3 =diol 22.1 2 1.8 =
5 p Androstane 30 =17 f~diol 27.4 2 9.5 -
Nortestostercne | 27.3 2 9.3 -
Androste-l-ene-3:17-dione 0.4 = 0.1 1.22
5 « Androstane-3:17-dione 0.8 0.9 -
5 § Androstane~3: 17-dione 0.6 =
THEA 0.1 0.06
5« Androstane-3 3-ol:17-one 6.9 -
5 «Androstane=3 «=0l:17=-one 0.2 0.19
5 ﬁlﬂn-tanl-3(3-oll17-m 0.3 -
5 p Androstane=3 «-0l:17-one Q.1 -
Cholesterol 0.01 <0.002
Fregnenolone 0.01 < 0.1
Progesterone 0.04 0.03
Oestrone 0.01 < 0.1
Oestradiol 0.4 0.02
Deoxycortisone - 0.01
17 < =(H=Progesterone - <0.%
Corticosterone - 0.002
Cortisol & 0.002
Aldosterone - 0.006

2 Expressed as % relative to testosterone.
The data for the Caldwell antiserum and taken from Dobson (197L), those
for the Furr antiserum from Etches (1975).




Tablg 2 Effects of varying plasma volumes on the amount of steroid
measured in the testosterone and cestradiol radioimmncassays

a) Testosterone radioimmmnocassay

Sex and Date Volume of plasma extracted
maturity caught
50 100 150 200 250
Mature male 16.’]--71‘ 5-2!) 3.81 2,20 2077 2.12
Mature male 26.11.74 2.09 2.00 1.61 1.28 1.32
Mature female 7.5-7’4 2.31 1.71 1.60 1.09 1.13
Mature female| 26.11.T4 9.82 8.0 5.32 L.98 L.02

b) Oestradiol radioimmmoassay

Sex and Date Volume of plasma extracted

maturity caught
: 50 100 200 300 500

Mature female| 7.5.74 | 27.70 27.00 | 26.00 | 30.56 | 27.07
Mature female| 26.11.T4| L41.08 56.32 | 58,97 | L49.07 | 51.20

Data for both testosterone and oestradiol radicimmmoassays expressed
as ng/ml.,




(83), although Exley and Woodhams (1976) have shown that highly specific
antisera may be produced to the separate cestrogems by conjugation of
the antigenic carrier through positions distal to the functiomal groups
of the steroids. The antiserum used in this study, kindly domated by
Dr. Burton Caldwell, was prepared in rabbits by cestradiol-17 con-
jugated to BSA at carbon 3, and cross-reacts with both ocestrone and
ocestriol (see paragraph on assay specificity). Various chromatographic
systems have been employed to purify stercid hormones prior to redic-
immmnocassay (for review see Abraham, 197,), the two most widely used
to separate E1, E2 and E3 being Celite microcolumns e.g. Abrehem and
Odell, 1970; Hobertson et al., 1972; and Sephadex LE-20 columms
e.g. Mikhail ot gl., 19703 Carr gt 2l., 1971; Senior, 19T4; Pearsea,
Murphy and Dies D'Aux, 1975.

This study uses Sephadex IH-20, a lipophilic Sephadex prepared
from Sephadex G25, which has been used successfully to separate many
steroids, partioularly the unconjugated biologically active ones.
18-20 is stable in all solvents which are not strongly acidic and do
not contain strong oxidizing agents. Separation depends on molecular
size (gel filtration), adsorption, partition, ion exclusion and re-
taxdation, and probably mechanisms still unknown. Since it gives very
low or negligible blank values it has been especially useful to separate
steroids prior to competitive binding assays employing antibodies,
transins and receptors. Microcolumns using pipettes have beem found
advantageous as they can be packed very gquickly, the eluate flow can be
controlled by input so that stopcocks are ummecessary, and the eludate
volume can be made very small.




2 ml glass tuberculin syringe barrels, of intermal diameter
7 mm fitted with a plastic three-way tap attached to a 21 G lLuer staine
less hypodermic needle were used to house the columns. 0.l gram of
Sephadex 1H-20 was suspended for 1 hr in a mixture of benzene:methancl
90:10 (both inalar grade). The benzene must be freshly redistilled
before use or else it gives unacoeptably high blank values. The same
benzenesmethanol mixture was used throughout the procedure for transfer
of extracts, elution of columns and preperation of sample aliquots.
The empty columm was rinsed with solvent which was discarded, then a
cirele of Whatman GF/B glass filter paper, out with a No. T cork borer,
was pushed to the bottom of the syringe barrel. The column was filled
vith solvent and the Sephadex added, then the tap was opened to let the
solvent through and the Sephadex settle. After all the Sephadex had
settled, forming a column 2 cm high, a further circle of filter paper
is placed on to the top of the column. This prevents the Sephadex
floating and drying at the top when the columns are left belween assays.
Colwms were then washed with a further 20 ml of fresh solvemt to rid
them of impurities which interfer with the assay. Columms are then
ready for the addition of the samples.

These small columns stop autometically when the solvent level
reaches the top of the gel. Spontaneous stopping depends on the com=
binmation of column bore and solvent and is considerably comvemient when

the columns are operated marually since the taps can be left open through-

out & single run, Usually ten columms were run simultaneously, and
could be reused for months, provided they zre mot allowed to dry out
between assays, with no significant difference in the behaviour of the
steroids over this period.
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As no 3Ii-oeszf;ri.ol was available, the behaviour of this ocestrogen
on the IE-20 columns could only be determined by the use of cold hormone
and subsequent assay of each separate ml of effluent eluted. As this
iz the most polar of the ocestrogems it is retarded the most on Sephadex
1H-20, 80 is eluted last, as shown by Mikhail et al., 1970. The be-
haviour of BE1 and E2 was traced by applying a small volume of the tritiated
steroid to the top of the column, with the tap open, allowing the columm
to run "dry", then adding successive 200 pl aliquots of solvent, collec-
ting the 200 pl samples eluted directly into scintillation vials,where
they were dried down under air, 5 ml of scintillator added and counted
immediately. This gave a scan of the elution profile, and showed that
the steroids behaved the same whether they were added separately or
together and whether the solvent was added in small aliquots or as a
single volume using a header tank (Figure L).

As the antiserum cross-reacte with all three major oestrogens,
it is possible to collect the fractions from the Sephadex LH-20 columms
containing the cold hormones, and assay each separately using the res-
pective cold hormone in the standard curve (see assay specificity curves).
S8ix mature female plasmas collected in Jamuary were chrometographed and

assayed as below and gave the following levels of E1 and E2,

Plasma No. E1 (ng/ml) 22 (ng/ml)

1 Hot detectable 17.36
Not detectable 17.61
1.5 10.32
2.07 21.02
Not detectable 12.75

Bot detectable 11.82
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The sensitivity of the oestrome (E1) radioimmuncassay, as
defined by Abraham (197L) i.e. the smallest amount of stercid that can
be measured in an aliquot of the biological fluid assayed, was 1.Ll ng/ml
in this assay. Both plasmas that gave positive results were near the
detection limit of the assay. As Jamuary is a time of fairly high
oestradiol levels it would be very difficult to detect cestrone in
plasmas throughout the year if they too were near their highest at this
time of year. Due to the lack of °H cestriol, and also the insensitivity
of the antiserum to ocestriol (semsitivity of L2 ng/ml) it wes impossible
to measure plasma cestricl levels, but as Reinboth (1972) pointed out,
oestradiol-175 and oestrone have been found much more frequently than
cestriol in the ovaries of teleosts, and he could find no proof for the
ocourrence of oestriol in several species. Thus it was decided to assay
the plasmas for oestradiol alone. Decause of the incorporxreation of a
chromatographic step the difficulty caused by varying volumes of plaasme,
as experienced in the testosterone radioimmmosssay, is absent in the
cestradiol assay (see Table 2). Normally 20 pl or 50 ul of plasma was
extracted but when levels were at their lowest 200 Pl was used.

3+ Asssy procedure

Excepting the chromatographic step, the basic assay procedure
vas similar to that employed for the testosterone rasdicimmunocassay.
Initially the antiserum was employed at 1:2000, but subsequently a
serial dilution of freshly prepared antiserum showed that a B/F close
to 1 could be obtained at a concentration of 118000 (Pigure 5).

T oL Y ey —
(6,7="H Oestradiol, Cat. No. TRK 125, LO-60 mCi/mmol., Eadiochemical
Centre, Amersham) added, was extracted with 3 x 2 ml of diethyl ether.
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The combined ether extracts were dried under a strean of air and the
steroid redissolved in 200 pl of benzene:methanol, 90:10, which was
applied to the column and mllowed to run in by opeming the tap. 2.4 ml
of the solvent mixture was then added to the top of the colum and the
eluate discarded. This contained the cestrone. A further 2.9 ml wvas
then added and the eluate, containing the cestradiol, collected in a
centrifuge tube. This fraction was evaporated to dryness under a
stream of air and redissolved in 170 pl of Buffer A containing 0.1%
bovine gamma globulin, A 50 Pl aliquot was taken directly to a2 scinti-
llation vial for recovery determination and a further 2 x 50 pl aliquots
to assay tubes. Before further use the columns were washed with at
least 20 ml of solvent to clean them ready for the next plasma extract.
50 pl aliquots of a standard oestradiol solution (Sigma,
snalytical grade) were serially diluted in triplicate to yileld 3200,
1600, 800, LOO, 200, 100, 50, 25, 12.5 and £.25 pg/tube. 50 jl of
Jg-vestradiol (ce. 8000 opm/S0 pl in diluent) was added to each tube,
followed by 50 pl of antiserum diluted in diluent to all but the first
set of blunks., Tubes were spun briefly, thoroughly mixed and left
overnight at L°C. After incubation 1 ml of dextren-coated charcoal
wae added, thntuhuvortmdn_ndlaﬂ for 15 mimutes, then spun at
2500 rpm (GF/6) for 20 mimrtes. The supernatants were decanted into
backgrounded scintillation wials, 10 ml of scintillator added, left

. for 12 hours, then counted to an efficiency of = 3%. Results were
caloulated as for the testosterone assay.

b Assay reliability
Overall 14 assays were carried out uaing the antiserum at
132000, with a mean 50% binding of 9.66 I 0.68 ng/ml (S®1), and 5 assays




using the antiserum at 138000, with a mean 50% binding of 2.29 I 0.1l
ng/ml. The mean B/F ratio of these 19 assays was 1.033 = 0.11. Mean
recovery wag 77.32 = 1.94% for a total of 380 plasmas in five assays.

The specificity of the antiserum to a variety of stercid
hormones has been described by Dobson (1974). 1In ihis study Et, E2
and E3 were tested on & mmber of occesions and the mean cross-reactiomns,
together with the figures from Dobson (197}) are given in Table 3.
Binding of all sterolds tested exvept the oestrogens was less than
0.07% of that of ocestradiol~17f. The sensitivity of the assay, which
. was spproximately 300 pg/ml, depended on the volume of plasma taken and
~ the procedural loeses encountered.
The overall precision of the assay was estimeted by making
' five replicate determinations Ifrom a pool of mature female plasma. The
:'htn-luw coefficient of variation was 6.2/ by this method, and the
Anter-assay coefficient of variation was 1,.75» over 12 determinations
of the same plagma pool.
Agcuracy was estimated by adding, in duplicate, 1, 5, 10 and
20 ng of cestradiol-17f to 1 ml aliquots of & pool of plamma taken from
an immsture female which was found to contain undetectable levels of

0l. Results were as follows:

sasple Recovery of E E2 added B2 recovered
tracer (%) (ng/ml) (ng/ml)

1 76.8 : 0.78

2 82.4 5 L.36

3 81.9 10 10.21

I T4l 20 18,92

Thus acourate ocestradiol determinations in the plasms of the

femmle dogfish were possible,
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Separation of Oestrone (E1) and Oestradiol (B2) on
Sephadex LE-20 eluted with bensene:methancl, 90:10.
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assay. Initially the antiserum was used at 132000 ( e —#),

but in later assays at 1:8000 freshly diluted ( 0——0 );
| over the range 0,125 = 6} ng/ml (6.25=3200 pg/tube).
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Table 3: Cross reactions of steroids in the oestradiol radioimmnoassay

Steroid Cross-reaction
Oestradiol-17f 100%
Oestrone 26,30
Oestriol 1,68
Testosterone <0.1
Androstenedione 0.3
Progesterone 0.001
DHA £.0
DOG < Ut
17 < 0B progesterone 0.0001

Cholesterol
Corticosterone
Cortisol
Stilboestrol

Megoestrol

y Expressed as % relative to cestradiol.
The data for 1, E2 and E3 were obtained during the present siudy,

the rest from Dobeon (197L).




The gravimetric data obtained in the present study were
collected from August, 197k until July, 1975, but are plotted in all
subsequent tables and figures on a calendar year i.e. January through
to December. Thus although strictly speaking July is not followed by
August in the data because they are one year apart, it aids comparison
with the data obtained by Ford (1921) and Harris (1952), as shown in
Table ;. This shows the percentage of females having egg-capsules
in the oviducts, on a monthly basis, tlﬁwghout the year; and also
gives the mean gonadosomatic index for the Plymouth and Caernarvon Bay
samples obtained in this study, these figures being unavailable for
the other two studies. The data from Ford (1921) were obtained from
all females above a reasonably large size, while those from Harris
(1952) were obtained from a study of all female arriving at Bristol
from Ilfracombe. Harris's data tempted him to conclude that all his
fish were mature, this assumption being based on the fact that over an

8 or 9 month periocd of the year there was a constant proportion of
females carrying egg-capsules, and the fact that no appreciable size
variation has been associated with this condition. He further states,
"If, on the other hand, a substantial number of immature females existed
in the population during the winter months, the proportion of egg-bearing
fish would be expected to rise as the breeding season progresses - which
is apparently not true after November"”. This, however, supposes that
the fish mature at a certain critical sisze, whereas it is equally possible
that if a fish has not matured by the beginming of the egg-laying season
in late autumn then it will not do so until the next breeding season a




Table Lt

Gravimetric data from monthly samples

A B c D
Mouth y |Carrying eggs | | Camrying eggs | y | g g 1.* goy |Carwvingeess | y | g 1% gy | Cerrying eges

N % N % N % N %
January 7 18 | 12.3 | 172 173 L2.4 L6l X 08| 5 55.6 | 4 L.yt 20.33| 2 50.0
Febrvary 113 22 | 19.5 | LT 16 301 - - - - 13 4.28 £ 0.12) 17 33.3
March - - - 186 62 9331 =~ - - - 8 5.11 £ 0.10| 3 37.5
April - - - 61 20 32.8! 5 4.87 2 0.43| S 100 | 5 4222 0.38| 2 40.0
May 80 18 | 22.5 | 158 L7 29.8;, 9 4.89 Zo0.24| 5 55.6 | 13 76 2 0.2T| & 38.5
June 313 W | 23.6 | 61 19 M| 11 4.5120.31| 8 72.7 | 32 3.35 £ 0,15 | 18 56.3
July 109 27 | 24.8 | 3y 13 38.2| 3 4.38 £ 0.19| 1 e O 2.67 = 0.07| 3 L2.9
August 5 2 | 4o.0 | - - - 7 3.81 Toy7| 2 28.6 | 6 3.04 ¥ o.00y 1 16,7
September 7 7 9.9 | 50 0 0 - - - - |12 2.90 £ o0.15| o 0
October 198 19 9.5 | L 0 0 8 3.64 £ 0.80| 3 37.5 | 16 3.77 2 0.16 | 1 6.25
November 13 2, | 16.8 |197 35 17.8) 3 4.66 £ 0.31| 2 66.7 | 8 3.63 ¥ 0.22| 3 37.5
Decembey 138 2L | 17.4 | 145 L 28.3| 10 5.09 2031 4 40.0 | = - - -

g a w >

Data from Ford (1921)
Data from Harris (1952)
Data from Plymouth samples taken during this study

lata from Caermarvon Bay samples taken during this study




Figuye 63

A selection of ovaries removed from fish caught in late
October, 1976, demonstrating the range from a completely
immature ovary (i) to an ovary taken from a fish con-
taining a pair of egg-capsules in the oviducts (E).

All fish wvere over 850 g.
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year hence, although other fish the same size may well be mature.
Thus Harris's sample may contain a proportion of large immature fiah.
Figure © shows a selection of ovaiﬁos obtained from a sample of fish
caught in late October, 1976. Although 211 fish were over 850 g, and
most were mature as expected, they showed a range of ovary development
stages from one that has no sign of vitellogenesis and appears completely
immature, through some showing a little vitellogenesis and sometimes
atretic follicles, to the fully mature ovary containing many vitellogenic
follicles of varying sizes. In the present study the great majority
of female fish over 700 g were found to be mature, whatever time of year
the sample was taken, having ovaries containing vitellogenic follicles
and the oviduots being open; but a mmber of fish above this weight
vere immature. Dodd (personal commumnication) recalls a sample of very
large females, obtained from Morecombe Bay, which were all apparently
immature when dissected. Thus size elone cannot determine the state
of sexual maturity of a female, but open oviducts at least indicate that
the fish once was, and almost certainly still is, sexuslly mature.

A further complicating factor is the presence of atresia in
the follicles during the late summer months, The degree of atresia
appears to vary from year to year, during the summers of 1974 and 1975
very little atresia was apparent in either the Caermarvon Bay or Ply-
mouth fish. In & sample of twelve mature females taken in late July,
1975, only four showed any atresia at all, and of these two had only
the two largest pairs of follicles undergoing atresia, although the other
two showed a more advanced condition where many follicles were undergoing
atresia, Atresia seems to occur in the largest vitellogenic follicles

first, and as it advances so smaller vitellogenic follicles are affected.




Pigure 7: 3

The percentage of females carrying fully formed egg-capsules
each month.

A.

B.

C.

D,

Data taken from Ford (1921) who examined fish landed by
fishermen at Flymouth.
Data taken from Harris (1952) who examined fish caught

_at Ilfracombe and supplied to the Zoology Department of
Bristol Umiveraity.

Data from Plymouth samples taken during this study. 3
Data from Anglesey samples taken during this study.
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Changes in the gonadosomatic index (G.S.I.) of mature females
throughout the year. Each point represents the mean ¥ smn,
A, Figh obtained from Flymouth

B. Fish obtailned around the coast of Anglesey.

*# P <0.05, ** P <0.01, *** P < 0,001
Independent gtudentl "t® test.
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This is reflected in the fact that egg-laying is at its lowest rate in
late summer in all four surveys conducted (see Figure 7), when atresia
would have occurred if any were present that year. Observations in
1975 demonstrated that a very large percentage, if not all, of the ovaries
from mature females were undergoing atresia, although to various degrees,
in both September and October. The fall in the gonadosocmatic index
from May until September, which appears more marked in the Caermarvon
Bay than Plymouth samples (see Figure 8), could be due either to the
larger follicles becoming atretic while smaller follicles fail to develop
fast enough to maintain the ovarian weight, or can be explained by the
larger vitellogenic follicles being ovulated, with again the smaller

follicles failing to develop fast emough; and thus the G.S.I. falls

without the need for atresia.

The potencies of the ventral lobe pools from mature females
are given in Table 5, and plotted graphically in Figure 9 where the data
obtained by Dobson (197L) are given as well. In most cases five ventral
lobes per pool were adequate, but during the peak of the egg-laying
season only two or three ventral lobes were necessary. With this small
number of veniral lobes per pool, if the individual variation is large
then the mean potency obtained may differ significantly from that ob-
tained from a larger pool. The only indication that the variation is
not large comes from a2 comparison of the data of Dobson and those ob-
tained in the present study, and also by comparing the potency obtained
for the same month in different years, although the latter may not reflect
individual variation but rather natursl variation caused by different en-
virommental conditions. Three samples were assayed in February 1975




Iable 53
Potencies of monthly samples of ventral lobes from females assayed by the

32p chick hieauny*

Gonadotrophic potency/ventral lobe

reis (pg equivalents NIH-LH-518)

December 1970
April 1971
July 1971
October 1971
December 1971
February 1972(3)
March 1972
April 1972
June 1972
August 1972
September 1972

20th August 1974

2Tth August 1974

7th September 197L
27th September 197L
30th September 197k
30th October 197hL
27th November 197L
5th December 197L

17th December 197L
2lth Jamuary 1975 (3)
6th Pebruary 1975 (3)
11th February 1975 (3)
25th Pebruary 1975 (3)
25th March 1975 (2)
16th April 1975 (3)
21st April 1975 (3)
20th May 1975 (L)

9th June 1975

22nd July 1975

L1.48 (16.21 = 106.11)
L7.43 (22.81 - 98.63)
<1.79 (¥.D.)

8.65 (5.01 - 16.18)
8.88 (4.96 - 13.55)
13.62 (8.48 = 21.03)
11.62 (6.73 = 20.92)
20.36 (9.48 = 73.13)
13.98 (6.31 = 33.33)
<1.50 (¥.D.)

6.85 (3.72 = 12.10)

12.09 (6.32 - 18.71)
8.01 (5.79 - 28.32)
10.2L (B8.27 = 86.16)
15.59 (9.L41 = 37.20)
12,09 (7.77 - 18.34)
8.33 (5.71 = 19.18)
25,11 (0.56 = 343.1)
17.82 (4.72 = 39.57)
21.51 (16.56 = 27.93)
29.82 (11.61 = 6}4.31)
L1.5Y (26.82 = 91.77)
48.69 (31.57 - 69.70)
39.14 (6.73 = 79.01)
82.49 (53.40 - 127.00)
30.82 (17.50 = 54.28)
84.25 (53.6l4 - 198.19)
51.32 (16.83 = 97.98)
21.31 (7.82 - 19.64)
¥.D. ( < 3.0 pg)

/Contimued



Table 5 (Continued):

= Potencies are expressed per ventral lobe with 95% confidence limits
in parenthesie.

H.D. = Not detectable, figures given are the lowest standard used
multiplied by the fraction of ventral lobe per chick.

Figures in brackets after the date indicete the number of fish used

where this differs from five.

Data for December 1970 until September 1972 are taken from Dobson (1974).




Figure 9: o

Gonadotrophic potencies, expreseed as ug equivalents, of ol

ventral lobes from male (0— o) and female (e o) dogfish.

Data for the wale takea from Dobson (1974). The August sample

Sl e R

for the male and the late July sample for the female were both
below the deteotion limit of the assay and are plotted as the
maximum possible level.
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which proved to be not significantly different from one another, which

indicates a lack of marked individual variation; although on two
occasions very large swollen ventral lobes were found, one of these
giving a potency of 112 yg/lobe, which was approximately ten times the
September mean, when the particular fish was caught. As the minimum
detection limit of the assay is 1.5 pg/chick, which corresponds to

1.25 Pg/wntra.l lobe with the protocol used, it is only possible to say

that the July female sample and the August male sample are <1.25 pg

equivalents/ventral lobe. However, as part of the purification of |
dogfish gonadotropin (see later), 200 ventral lobes from figh of mized
sex were aseayed and gave a potency of <0.75 pg/ventral lobe. This |
is well below the value for immature males of 1.72 (1.14-3.12) pg/lobe Il

obtained by Lewis (1975) and 1.33 (0.66-2.79) pe/lobe for immature

females obtained during the present study; although both these later

figures depend upon the visual sssessment of maturity of the fish used.

3) 8 lasma tes & est 1 centratio
throughout 2 year

The annual changes in plasma testosterone and cestradiol in
mature females are shown in figures 10 and 11 respectively, while
figure 12 shows both plasma steroid lewvels in relation to that of the
plaama testosterone levels of the mature male. Eleven plasmas from
impature females ranging in size from 480-91¢ g, collected randomly over
a year, all gave non-detectable levels of both ocestradiol and testo-
gterone. Two fish that were judged to be maturing by the presence of
only a few small vitellogenic follicles in the ovary had plasma steroid
levels within the same range as those of the mature fish at the same time

of the year. A selection of plasmas from mature females were also assayed




Figure 10:

Plagma testosterone levels of mature female dogfish throughout

the year. Each point represenis the mean of between L and 10
individuals ¥ sSEM,

_ — - — - _®»_ P <0.01, Students "t" test.
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Timure 11:

Plasma oeestradiol levels of mature female dogfish throughout

the year. Each point represents the mean of between L and 10
individuals I SEM

* P <0055 ** P <0.,01; *** P <0,001;

Students "t" test.




A: plasma testosterone levels of mature male dogfish

throughout the year. Data from Dobson (197L).

B: plasma testosterone and oestradiol levels of

mature females throughout the year.

Each point represents the mean of between four and ten

individusls = SEM (in A only).
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for oestrone but in every case the level proved undetectable, although
the antiserum is less sensitive to this steroid, the minimm detectable
level of oestrone being 1.6 ng/ml. No detectable levels of cestradiol
ocould be found in a sample of six male plasmas collected during August
when testosterone levels are highest in this sex. No attempt was made

t0 measure ocestriol in the plasmas because of the lack of sensitivity

of the assay.

Discussion
All the available existing (or published) data indicate that
the dogfish has a very extended, if not continuous, egg-laying season,
although the rate of egg-laying either decreases markedly, or stops
completely, for a short time in late summer. Although on average
around 40¥% of mature females contain egg-capsules in the oviducts through-
out most of the year, it is imposaible to obtain a precise figure for the
rate of egg-laying from any of the studies. However observation of
mature females held in captivity have shown that they are very reluctant
to lay eggs in our aguarium, possibly because they lack the visual stimue-
lus of the seaweed on which they attach their egg-capsules in nature.
If a batch of freshly caught mature females is transferred to the
aquarium those already having egg-capsules in the oviducts, which can be
felt by palpating the fishes, will lay these in the first few days, but
then egg-laying will cease completely for at least 2 month and only then
will it start again, but at & very slow rate, some females not laying at
all while others will lay pairs of egge once every two weeks or so. Hays,
on the other hand, appear not to be so affected by captivity, possibly
because they normally lay thelr egg-capsules on the bottom unattached to

any objects, and so probably do not require the visual stimmlus the doge



fish appears to need. Holden gt al. (1971) observed two maximum rates
of egg-laying, 0.5 per day for R. brachyura and R, montagui, and one egg
per day for B, clavata. Clark (1922) observed a slightly higher rate
of 0.61 egg per day for one E, brachyura kept in the aquarium at Plymouth
for 41 days. No other observations have been made on British rays, but
Libby (1959) observed thet . eglapteris laid two egz capsules every
four days in an aquarium. Observations by Richards et al. (1903) in-
dicate that the rate of egg-laying of R. erinacea may be lower; these
authors kept nine females in e tank for 71 days, during which time 65

eggs were laid. By palpating the females they were able to show that

probably only five of them produced eggs and that of these five fiah
three probably produced only one pair of egg-capsules each. The re-
maining 59 egg-capsules were, therefore, probably produced by only two
females, a rate of 0.2 egg~-capsules per female per day, which corresponds
closely to the minimmm time interval of five days which Richards et al.
observed between the laying of two successive pairs of eggs. Holden
(1971) therefore concludes there is considersble variation in the rate
of egg-laying of rays, although this could be due to the time of year
the studies were undertaken and the conditions under which the fish were
maintained. One further interesting fact to emerge from the egg-laying
observations was that females lay fertile eggs at least nine months after
their last contact with a male.

Craik (1976) studied the endocrine control of vitellogenesis
of the dogfish in this laboratory, and showed that whereas other female
ege-laying vertebrates show highly elevated levels of vitellogenin just
before the breeding season, the dogfish differs both quantitatively, in

the much smaller amount of vitellogenin present in the female plasma ?
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during vitellogenesis, and qualitatively, in that the vitellogenin is
present throughout the year. Thus a clear distinction emerges between
a typical vertebrate with a brief breeding season, intense vitellogenesis
and a short period of high plasma vitellogenin, and the dogfish type,
which although it may produce the same weight of yolk in a year, does

80 over almost the entire year, with a correspouding lower overall rate
of vitellogenesis and & lower level of vitellogenin in the plasma.

There are, however, sirong reasons for believing that the rate
of vitellogenesis undergoes anmual variation. Craik (1976) found that
the hepatosometic index (liver weight as percentage of body weight) of
adult female dogfish undergoes a considerable anmial variation, reaching
a maximum of 8.82 2 0.38% (SEM) early in the laying season (November)
and a minimm of 5.14 + 0.49 when egg-laying is slowest during August.

The male liver undergoes a miuch less marked variation, the corresponding
figures being 5.67 = O.L and 5.33 £ 0.60%. The female gonadosomatic
index reaches a maximum (5.1 = 0.2) in March-May and a minimm (2.6 ¥ 0.2)
in July-September. Thus the gonad cycle distinctly lags behind the liver
cycle, the maxima being separated by about three months. It appears

that the liver builds up a reservoir of nutrients which is metebolised
steadily over 3 months while the ovary grows to its maximum size by yolk
deposition. Examination of the liver by Craik (personal communication)
at times near its maximum and minimum size showed a significant difference
in the lipid content (39.7 % 1.2 and 24.1 ¥ 3.5% of wet weight respec-
tively). Calculation based on these figures shows that 67% of the
seasonal increase in liver weight can be attributed to lipid. Probably
the remaining third is due to other reserves such as glycogem, together
with the cell architecture necessary for converting the reserves into
vitellogenin.




The changes in the liver show & close correlation with the
seasonal changes in plasma oestradiol, which also reaches a maximum in
November - December and a minimum in May - Juns. This is further
evidence for the implication of oestrogens as the causative agent of
vitellogenesis and of the liver as its target organ. We may emvisage
that vitellogenin, plasma cestradiol and liver size all reach maxima
in midwinter while the ovary is growing, and have begun to decline by
March - April when the ovary reaches its maximum size. This was partly
verified by the fact that oestradiol injection into mature females caused
a several-fold increase of vitellogenin, while radioimmmunoassay estimate
of the circulating oestradiol levels of the treated fish showed these
were two to three times those normally found in winter fish, It was
concluded that these effecis were dus to hormone acting at physioclogical
levels comparable to those found in nature rather than to aberrant
responses caused by abnormally high circulating pharmacological levels
of hormone.

It is more difficult to fit the ventral lobe gomadotrophin
annual profile into this picture. Because of the wide limiis involved
in biocassays in general, it is impossible to deteoct cubtle changes from
month to month, but between August - September, wvhen levels are at their
lovest, and April - May, when they are highest, there is around an eighty-
fold change in the ventral lobe content of gonadotrophin. Thus, although
plasme stercids rise from July onwards and remain elevated all winter,
presumably in response to change in circulating levels of gonadotrophin,
pituitary gonadotrophin levels rise steadily but later. It is possible
to explain this by supposing that in mid summer the secretion of gonedo-
trophin from the ventral lobe increases, the rate of secretiom being
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Zreater than the rate of synthesis, so pituitary levels drop wvhile

the circulating level increases. This in turn increases steroid
synthesis and secretion so levels of the latter rise. It is only
after some months that the rate of synthesis of gonadotrophin catches
up with the rate of secretion and so the pituitary level stops falling
and begins to increase as the rate of synthesis rises above the rate
of secretion. In the male, where changes in pituitary gonadotrophin
content are much less marked, the maximum level reached being approxi-
mately one temtk of that achieved by the females; this being reflected
in the size of the ventral lobe at certain times of the year.

An ultrastructural study by Knowles et 3l. (1975) has shown
that the part of the pars distalis adjacent to the hypothalamus consists
of two distincet regions, the rostral and medien lobes, and that there is
a2 morphological similarity between some cells of the median and ventral
lobes, which they speculate may indicate the presence of the same
hormone in both lobes. Firth and Vollrath (1973), using a bioassay,
based on the stimmlation of meiosis in Xenopus oocytes, which is specific
for 1H amongst purified anterior pituitary hormones of mammals, also
concluded that the median lobe possessed a gonadotrophin-like activity,
vhich was present in four out of six of the bimonthly semples tested
and absent in April and August. Thie demonstration of a gonadotrophin
in the median lobe, if validated, is clearly of great importance, though
more work is required before its existence is established, its functional
significance can be assessed and its relationship to the ventral lobe
gonadotrophin can be established. However, using a very sensitive
bicassay based on the produwotion of testosterone from isclated quail

interstitial cells (Maung, Z.W., 1976) which is specific for LH amongst




mammalian and avian hormones, only very low concentrations of gonado- . ‘
trophin ocould be detected in the median lobe (for a more concise dis-

cussion see Chapter 3). A further complication arises in view of the '

report by Campbell and Idler (1976) that the nonglycoprotein fraction, | |
obtained from the pituitary of the Winter Flounder, stimulated increase |
of labelled yolk in serum and induced uptake of this material into the
gonad, with a coocurrent stimulation of gomadal growth. In contrast, i
~ - — the glycoprotein preparation had neither of these effects, and neither I
of the pituitary hormone fractions affected the labelling of liver yolk. i
Thus one of the classic actions of gonadotrophins appears to be carried
out by a nonglyocoprotein in this fish., Until dogfish gonadotrophin
has been purified to an extent where either a sensitive biocassay or
radicimmumcassay can be developed to measure circulating gonadotrophin
levels, it will be difficult, or impossible, to determine how pituitary
gonadotrophin content is correlated with the sexual cycle, or how the
secretion of the gonadal steroids is controlled. I
There is nov some evidence that the thyroid gland plays a role |
in elasmobranch reproduction. Olivereau (1949b) found that the onset of
sexual maturity in S, canicula is associated with signa of increased

~ ” thyroid sctivity, and further that io mature females the thyrosomatic |

index (T.S.1.) is epproximately twice that of the male, and there is a |
cyolical intensification of thyreid activity related to reproductive
function. Lewis (1975) and Lewis and Dodd (197L) have recently verified |
and extended these findings by an experimental approach as well as by '
observation on thyroid weights, both absolute and related to body weight
in different reproductive states. For example, at the time of first

sexual maturity (puberty), the absolute weight of the thyroid in the




female is greater than at any other time in the animal's life. Further-
more, among females, the T.5.I. is lowest in immature specimens and,
although it is lower in mature egg-laying specimens than in fish at the
time of puberty, it shows a rise in the autumm, the time at which atretic
ovaries are undergoing a new wave of vitellogenesis. These data support
the suggested role of the thyroid in reproduction and some recent experi-
mental work on the effects of thyroidectomy on vitellogenesis (lLewis and
Dodd, 1974) has provided direct evidence for such a function. Three
experiments were carried out, at autopsy all sham operated fish con-
tained vitellogenic follicles of varying sizes up to a diameter of 12 mm
(i.e. the size at which ovulation takes place) in addition to pre-
vitellogenic follicles and early and late corpora atretica, whereas in
the completely thyroidectomised animals none of the follicles was under-
going vitellogenesis. The results appear to indicate that thyroid
hormones are implicated in vitellogenesis, but as Craik (1976) has demon~
strated that mobilization of liver lipid and protein for vitellogenin is
under the control of oestrogens, then the thyroid hormones are more likely
to have a direct action on the ovary.

Earlier work on steroids in nommemmalian vertebrates has shown
that plasma testosterone levels about tenfold those found in man occur
in the thorny skate, B. rmdiata, some salmonids and two amphibians (see
Oszon, 1972, for a review)., Idler and Truscott (1966), investigating the
skates R, radiata and R, ocellata, were the first to report the isolation
and conclusive identification of testosterone from the plasma of elasmo-
branchs., FPlasma concentrations of the steroid, measured by G.L.C. or
the aromatase enzyme method, of 76 skates were as follows: free testo-
sterone in male R. radiata ranged from 2.8 to 10.2 pg/100 ml (mean 7.h)



and from 0.02 to 0.6 jig/100 ml (mean 0.47) in females. In R. ocellata
males 2.2 to 20.8 ug/100 ml (mean 10.0) and in females (from a pooled
sample of four fish) the level was 0.59 }g/100 ml. The gluourcnide of
testosterone was quantitated in R, radiata at L.3 to 6.7 p&/1m ml

(mean 5.5) in males and 0.13 pg/100 @l in 8 females. Fletcher gt al.
(1969) again messured testomtercne levels in skate and found that whilst
the values for males were the same as those found by Idler and Truscott
(1966), the values for females were much higher, being not significantly
differsnt f:ol those of the male. This was explained as seasonal
variation. Derrow and Fletcher (1972) demonstrated that testostercne
is produced by the testes in vivo, the levels being higher in testicular
effluent plasma than in peripheral plasma. Assay of peripheral and
ovarian effluent plasmas from a single fish gave levela of 2.3 and

2.6 pg/100 ml of free testosterone and glucuronide respectively in peri-
pheral plasme and ¢.L and 15.2 ug/100 ml in ovarian effluent plasma,
thus the ovary seems to be at least one, if not the only, source of
plasma androgen. Lupo di Prisco et al. (1967) identified testosterone
in the plasma of T, marmorsta and measured its concentration at different
stages of the reproductive cycle. Levels found were 3.5 ):c/100 ml in
immature animels and 1.56, 0.80 and 2.36 pg/100 aml in pregestating,
gestating and postgestating animals respectively.

Campbell et al. (1976) have recently studied fluctuation in
plasma steroids of the Winter Flounder over the seascnal reproductive
cycle. Testosterone concentrations were significantly higher in plaesma
collected from female fish during September than in plasma from spent fish
in July or from the November sample. Testosterone increased during the

overwintering period to reach a peak in the plasma of pre-maturational




fish in June. In male fish the same cycle was found but the fluctustions
were less extreme. Concentrations of 11-ketotestosterone, an androgen
found only in male fish (Idler, 1969) were low in July, September and
Hovembex. In April the range of values obtained is extremely large

but may consist of two groupings, omvithmtntimofz-hpc/

100 ml and the other of approximately 17 pg/100 ml; the value for the
pooled sample from prespawning fish was 17.9 pg/100 ml. These authors
suggest that 11-ketotestosterone in male Winter Flounders may be involved
primarily in the later stages of sexual maturation.

Studies on the synthesis and circulating levels of oestrogen
are few. Simpson et al. (1968) incubated the component tissues of the
ovary of S. canicula with DIHA or androstenedione as substrate. Oestra-
diol-17f was produced only by the follicular membrane of developing
eggs and by the ovarian stroma. Corpora atretica and their membranes
produced oestrone oanly and this steroid was also produced by the membranes
of developing follicles. Corpora lutea produced a striking amount of
testosterone glucuronide whilst a 17=hydroxy steroid dehydrogenase seems
to be localised in all tissues. The authors, whilst pointing out the
difficulties of extrapolation from in vitrp to in vivo studies, suggest
that stroma and corpora lutea play little part in steroid production in
vivo and that the steroidogenesis of the corpus atreticum declines
rapidly after its initial formation. Thus it seems that the developing
follicle is responsible for the major stercidogenesis in the elasmobranch
ovary, as in higher vertebrates, and that cestradiol-17f and cestrone
are its major products. The identification of oestriol by Chieffi and
Lupo (1963) must be viewed with reserve because their method would no

longer be accepted as conclusive.
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more rapldly into oestradiol.

43

The sterocid levels reported here are in close agreement with
those reported by Dobson (1974), both studies utilizing radioimmuncassay,
although the purification steps were different in the separate studies.

In males the mean testosterone levels for monthly samples ranged from
1.7 %o 6.2 ng/ml, females reaching the slightly higher level of 7.95 = |
1.9 ng/ml. These levels are at the lower range of other studies on

rays R. radiats and R, ocellata,
Studies of the present type yield mo information on the

elasmobranchs, being much lower than Idler and Truscott's wvalues for the !1

dynamics of steroid metabolism. The teleost ovary has been showm to
convert testosterone to oestradiol by lembert et al. (1971) and cestrogea
is capable of stimulating vitellogenesis in S, canicula, which suggest
that the testosterone detected in females in this study might serve

as a precursor for cestrogen during vitellogenesis., In this context

it is interesting to note that fluctuations in both testosterone and
oestradiol in the female rise and fall perfectly together, so that at

all times the ratio of ocestradiol to testosterone is close to five.

There is & subtle change in this ratio in that when steroid levels are 1
falling from February until May the ratio is less than five, whereas vhen
steroid levels are rising the ratio ies greater than five. Thus when the

reproductive cycle is beginning in late summer there is relatively more
oestradiol to testosterone than is found when the cycle is regressing,
possibly because the demand for oestradiol is greater at the begimning 5

of the season when vitellogenesis begins and so testosterone is converted

Martin (1975) demonstrated an elasmobranch steroid-binding

protein in S, canicula that binds both sex steroids (018 - C, steroids)
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and 021 steroids and, therefore, its specificity is quite different

from the sex steroid binding protein and corticosteroid binding proteins=
described in serum of teleost fishes, amphibians, reptiles, birds and
mammele., Presently the more important function of the association
steroids-serum proteins is seen as the regulation of the physiological
activity of the steroids. The steroid-protein complex forms a bio-
logically inert reservoir where the steroid is protected from metabolism
or excretion (for a review see Sandberg et al., 1966). The steroid is
made available by dissociation and may be considered as a physiologically
active agent. It is aprarent that serum protein-steroids complex may
play an important role in stercid metabolism in elasmobranchs. Thus
Martin (1975) suggests the high steroids-binding capacities of elasmo-
branch steroid binding protein may explain why elasmobranchs are able

to tolerate high steroid levels.

As we have seen, the dogfish appears to be cyclical in its
reproductive physiology and it seems reasonable to suppose that the cycles
are environmentally controlled. Dobson and Dodd (197€) suggest that
water temperature may be the primary, if not the only, environmental cue
with regard to spermatogenesis in the male. This suggestion was based
partly on the indirect evidence of the correlation between gonadosomatic
index and water temperature, and also the ventral lobe gonadotrophin
content and water temperature. Direct evidence came from the appearance
of a "zone of breakdown" in the testes of ventral lobectomized fish kept
under various light and temperature regimes. Thie "zone of breakdown®
only appeared if fish were maintained at high temperatures (15°C),
irrespective of the light regime. This temperature is reached during
mid summer around the coast of Anglesey, when plasma testosterone levels



begin to fall in the male, and only rise again when the water begins to
cool in autumn, Almost the reverse pattern is seen with both testo-
sterone and oestradiol in the female, however, and thus it is difficult
to correlate changes in steroid levels in both sexes with any single
environmental factor.
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S I

THE PITUITARY-GONADAL AXIS IN S. CANICULA

Introduction
Some pituitary regulation of certain aspects of reproduction

has been demonstrated in all vertebrate animals. However, the available
data suggest that this control is sometimes less precise and embraces
fewer aspects of reproduction emong the fishes. Differences occur
between the wvarious groups of fishes, the control being less complete

in oyclostomes than in the Selachii and Teleostii (larsem, 1973 ). In
a variety of teleost species a correlation between basophils (gonado-
trophic cells) of the proximal pars distalis and the gonadal cycle can
be observed. This cell type shows hyperplasia, hypertrophy and other
signs of increased activity in associlation with the ripening of the
gonads (for specific references see review by de Viaming, 197L).

The dependence of gonadal function on the pituitary in teleosts
was first demonstrated by Viviem (1938, 1939 2,b,c, 1941) and Matthews
(1939). Investigation of the gonadotrophic activities of the pitultary
gland in the Agnatha awaited the investigations of Dodd and his associates
in the early sixties (Dodd et al., 1960; Evennett and Dodd, 1963). 1Imn
the gnathostomes, hypophysectomy is followed not only by amn arrest of
ovarian development, but also by a general atresia of the follicles, while
spermatogenesis is completely blocked in the testes. In the lamprey,
however, spermatogenesis, spermiogemesis and ovarian growth seem to be
autonomous processes; they are retarded but not suppressed in the absence
of the pituitary. The subject is comprehensively reviewed by de Vliaming
(1974) who considers the effects of hypophysectomy reported probably vary
as a function of the gonadal condition at the time of surgery (season)

and with temperature of maintenance. The discrepancies reported as to



the exact stages of spermatogenesis and vitellogenesis affected by hypo-
phaysectomy are probably due, in part, to variation in these parameters.
Although the many reports of the effects of hypophysectomy in
fishes demonstrated the indispensable nature of the pituitary for
reproduction, as Barr (1968) points out, hypophysectomy alters the entire
hormonal mileau and thus the direct dependence of the gonads on the
pituitary is difficult to establish by this surgical approach. Investi-
gations of the pituitary functions of fishes have sometimes also been
hampered by the technical difficulties of hypophysectomy. Come authors
have circumvented this problem by ueing Methallibure as a chemical
blocking agent of gonadotrophic functions (reviewed by Hyder, 1972).
The addition of methallibure to the water inhibited spermatogenesis in
Gasterosteus aculeatus and Carsssius auratus (Hoar, Wiebe and Wai, 1967;
wiebe, 1968, 1969) and Poecilia reticulats (Billard, Breton and Jalabert,
1970; Martin and Blll‘.'nge, 1970; Pandey,1970; Pandey and Leatherland,
1970). When methallibure-treated goldfish were injected with carp whole
pituitary extract, spermatogenesis resumed and spermiation occurred
(Billard, Breton and Eiscaffre, 1971). This suggested the drug acted by
suppressing the sy;:theaia or release of gonadotrophins at the hypothalamo-
hypophysial level and not by blocking their action peripherally. In an
ultrastructural study Leatherland (1969) confirmed that methallibure could
block gonadotrophin synthesis.

In male Tilapia methallibure effectively suppresses gonadotrophin
production, leading to the disappearance of all spermatocytes and spermatids

(Byder, 1972). In the female Tilapia methallibure administration depresses

ovarian weight, G.S5.I., vitellogenesis and thecal cell proliferation

(Hyder, 1972), and resembles in other species the effects of surgical

|
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hypophysectomy. Breton, Jalabert and Billard (1973) directly confirmed
that methallibure suppressed plasma gonadotrophin levels in goldfish,
although the pituitary level remained at the pretreatment level.
Clomiphene citrate is another synthetic drug that has recently
been used in studies on the pituvitary-gonadal aris of fish. It is an
analogue of a non-atervidal oestrogen and is either cestrogemic or anti-
oestrogenic in different mammals. Both Pandey and Stacey (1975) and
Breton, Jalabert and Fostier (1975) have cousidered clomiphene to act
as an antioestrogen by competing with the natural ocesirogen for receptor

or binding sites in the hypothalamo-hypophyseal axis and thus effectively
displacing the natural oestrogen from receptor sites. Ereton, Jalabert

and Fostier (1975) demonstrated that administration of clomiphene citrate
to carp induces a large discharge of gonadotrophin into the plasma. This
gonadotrophin surge induced by clomiphene may be responsible for the in-
duotion of ovulation in goldfish (Pandey and Hoar, 1972; Pandey et al.,
1973)s A similar rise in plasma gonadotrophin levels has recently been
observed in the rainbow trout after castration (Billard, Richard and
Breton, 1976). This short temm elevation of gomadotrophin concentration
is the most direct evidence of gonadal feedback, although indirect
evidence was given by Atz (1955) and McBride and Van Overbecke (1969), who
showed moditication in the gonadotrophin cells in the pituitary after
physiological or surgical castration. There are also some suggestions
that steroids are involved in this regulation process (Febvre and
Lafsurie, 1971; Sasayams and Takehashi, 1972; Bretom, Jalabert, Fostier
and Billard, 1975).

The last, and perhaps now the most widely used, method of
studying the control of the gonads by the pituitary is by the use of




gonadotrophic preparations. Until the fairly recent purification of
fish gonadotrophins, mammalian gonadotrophins and TSH were used by many
authors when studying fish reproduction. Vhen mammalisn gonadotrophins
do exert favourable action on one of the phases of reproduction, it is
generally the IH which is the most active (Pickford and Atz, 19573 Dodd,
19603 Hoar, 1966). while in the male it is possible to obtain spermao-
genesis and spermiation by mammalian hormones, in the female of the same
species & piscine hormone is usually required. Thus, as early as 1936
(Fontaine, 1936) the complete maturation of a male Anguilla anguills was
obtained with human chorionic gonadotrophin (HCG). In order to obtain
complete maturation in the female eel, it was necessary to wse pituitary
extracts of carp (FPonteine et al., 1964). In general, the action of
mammalian gonadotrophins is much less certain than that of piscine gonado-
trophic hormones and will not be further pursued here.

With the purification of fish gonadotrophic hormones it was
poesible to show clearly and conclusively their comtrolling action on the
gonad. The purified hormone of Oncorhynchus tschawytscha (Yamaseki and
Donaldson, 1968a), onc=-GTH, induces complete sexual maturation in the
juvenile male pink salmon (O, gorbuscha) in the years of hatching (Funk
and Donaldson, 1972) and reinitiates and restores cogenesis and vitello-
genesis in the hypophysectomized catfish (Sundararaj and Anand, 1972;
Sundararaj et al., 1972). The onc-GTH also induces ovulation in the

goldfish (Yamazeki and Donaldson, 1968b) and in the catfish (Sundayaraj
et al., 1972) and moreover is capable of inducing maturation of cocytes
in vitro in Salmo gairdnerii (Jalabert et al., 1973), but not ovulation.
Purer preparations of salmon gonadotrophin (Idler et al., 1975 b,c) are
capable of stimulating oAMP production in immature rainbow trout ovaries
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and testes (Idler et al., 1975e).

The hormone isolated from Cyprimus carpio pituitaries (Fontaine
and Gérard, 1963; Bursawa~Gérard, 1971) is capable of restoring vitello-
genesis in a hypophysectomized teleost. In hypophysectomized male
Caragsius onc-GTE and o-GTH induce spermatogenesis and spermiation
(Yamazaki and Donaldson, 1968a,b; Billard et al., 1970). Leydig cells
are activated by ono-GTH, suggesting to Sundararaj et al. (1971) that onc-
GTH acts by way of androgens secreted by these cells.

The action of other pituitary hormones on reproductien is much
less certain. Thus memmalian TSH can bring on the maturation of the male .
eel (Olivereau, 1961) but only a slight increase of the gonadosomatic |
ratio and of the owvular diameter of the female eel. This increase can bee
observed in hypophysectomized eels (Bertrand and Fontaine, unpublished '
observations, mentioned in Fontaine, 1968), which tends to prove that the
effect is not associated with the pituitary. Fontaine (1976) concludes i |
that it does not seem impossible that TSH acts directly on the gonads and '
also that TSH may play a more important role in the sexual organs than
the thyroid hormones. Prolactin and growth hormone (GH) have also been
implicated in fieh reproduction. Pieckford gt sl. (1972) observed that
mammalien GH stimulated spermatogonial proliferation in hypophysectomized
Fundulug heteroclitus. GH and prolactin are also probably involved,

i together with androgens, in the control of seminal vesicles in the catfish .
| (Sundararaj snd Goswemi, 1965; Sundararaj and Nayyer, 1969) and in |
Gillichthys mirabilis (de Vliaming and Sundararej, 1972). The abundance |
of serotonin in the male reproductive tract of the Selachian Squalus :

acanthias suggested a role for this hormone in the reproductive process,
specially at the time of copulation (Mamn, 1960). ‘There is no doubt that _;
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neurohypophysial (Perks, 1969) and urophysial (Bern, 1969) hormones
affect reproduction, specislly spawning and egg-laying (lederis, 1972;
Heller, 1972), although they have not yet been implicated in the earlier
proceases of reproduction.

In summary, all investigators agree that the pituitary is
required for gonadal maturation, after either physiological or surgical
hypophysectomy vitellogenesis is suppressed with atresia of the larger
developing oocytes, spermatogenesis is blocked at the spermatogonia-
spermatocyte stage, and stercidogenesis does not occour in the gonadal
endocrine tissues. Although these general findinge are consistent,
there are still many unresolved details. It is not clear whether |
gonadotrophin is required for multiplication of the spermatogonia, '
specifically triggering the reduction divisions, spermiation or ovulation,
nor is it certain to what degree the Sertoli cells and other supporting
tissues in the gonads are dependent on the pitultary. The later stages
of spermatogenesis and spermiogenesis, if well under way, seem to continue
with production of mature sperm but spermiation is usually not observed
in the absence of the pituitary, and the mature sperm disappear through
phagocytosis or resorption. Spermiation has been reported in the
hypophysectomized plaice (Barr, 1963b) and lake chub (Ahsan, 1966);
these differences may depend on the stage of sexual maturity at the time
of surgery.

The changes in ovarian histology which follow hypophysectomy
have been much less frequenily examined. However, the findings are con-
sistent with those recorded by Dodd et al. (1950) for the elasmobranchs.
These indicate that after hypophyseciomy a slow but inevitable resorption

of ova may be expected, vitellogenesis comes to an end, new ova fail to
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form, and ovulation and spawning do not ocour unless yolk deposition
wvas complete prior to the surgery.

The present study of the pituitary-gonadal axis in the dogfish
continues that begun by Dodd et al. (1960) and continued by Dobsen (197L).
The latter author could detect no effeoct of hypophysectomy on plasma
testosterone levels in meles, and argued for a degree of autonomy of the
dogfish testie not found in higher vertebrates. Ome of the major aims
of this study was to see if the reverse could be obitained, i.e. could
elevated steroid levels be obtained by replacement therapy in hypo-
physectomized fish.

Surgery was performed on fish ansesthetised with methane tricaine
sulphonate (M5 222; Sandoz) at a concentration of approximately 1 part in
5000 parts of seawater. Ten minutes in the anaesthetic proved sufficient
for the operations which lasted 10 to 15 minutes. Recovery in fresh,
recirculeting seawvater oocurred within 30 minutes of completion of the
operation.

Operative procedures were carried out with the fish out of water
in a 'V'wghaped wooden trough. The mouth wes held open using two rubber
bands. A Zeiss epitechnoscope with shedow=free light source and a
Kaltenbach and Voigt (Germany) portable dental drill were used for hypo-

A small median incision (1.5 om) wes made in the mucous membrane
of the roof of the mouth and kept open with retractors. This reveals the




carotid anastomosis which is used as a guide (Pigure 13). A small
orescent shaped area of the cartilage anterior to the vessels was pared
away with a dental burr to reveal the ventral surface of the comnective
tissus capsule containing the lobe. The capsule, a tough, {lexible,
white sheet, was out from one side to the other with the point of a
scalpel blade and gently opemed. Colloid contained within the lobe
flowed out and the capsule deflated, Cellular tissue contained within
was removed by swabbing with small rolls of cotton wool wound on to the
points of fine forceps and pushed gently into the extremities of the
cavity, which are not visible,

Ablation of these pituitary lobes requires a different approach
(Chevins and Dodd, 1970; Dobson, 1974). After a similar incision in
the mucus mewbrane, the cranial cavity was entered by making two longi-
tudinal incisions through the cartilage of the brain case using a No. 12
scalpel blade as shown in Figure 13. Care must be taken to emsure that
these incisions are lateral to the medial end of the intermal carotid
arteries and far enough anterior to avoid disturbing the ventral lobe.
A further incision was made to commect the lateral ones at their anterior
ends forming a three-gided flap of cartilage. The cartilage flap was
then reflected backward and held away from the cavity by a hypodermic
needle pushed gently into the cartilage. If the cuts are made obliquely,
the bevelled edges help to prevent retraction of the flap into the brain
cavity and posegible brain damage when the {lap is replaced after the
operation. Care must also be taken that the sides of the flap are not

cut too far from the midline, too wide a flap causes bleeding from cut

vertebral arteris.




Figure 13: (After Dobson, 197h)
A. Yentrel lobectomy operation

e e ——— .

= Neurointermediate lobe

!| Diagram of the operation site
C = Carotid anastomosis
I I = Inter-orbital vein
| V = Ventral lobe; this is not visible during
the operation as it lies on the cartilage
inside the cranial cavity.
| B.
A flap has been cut in the cartilage of the base of
; the cranium and lifted up and backwards as described
1 in the text.
* C = Carotid anastomosis
H M = Median lobe
’ f R = Rostrel lobe
N
oc

= Optic chiasma







Rostral and median lobes were always removed together in this
work. The anterior tip of the rostral lobe was picked up in fine forceps
and lifted. Using fine scissors, the lobe was separated from the under-
lying brain tissue, working posteriorly towards the nesurcintermediate lobe.
The rostral and median lobes were removed in one piece.

The neurvintermediate lobe is slightly more difficult to remove,
but this can be effected if the hinge of the flap is mede as far back as
possible, without damaging the ventral lobe. This allows the "pituitary
stalk® (between the median and ventral lobes) to be cut. Removal of the
neurvintermediate lobe is then achieved by firstly separating the median
lobe from the neurcintermediate lobe using fine scissors, and then
separetion of the neurointermediate lobe from the saccus vasculosus.

When both the ventral and other lobes are removed at the same
time the flap is cut only after removal of the ventral lobe. After such
an operation the flap must be stitched into place at its anterior end
because weakening of the "hinge"”, caused by drilling, results in an un-
stable flap. If the ventral lobe is not removed this is unnecessary.

In one group of fish, after removal of the rostral and median lobe, the
hypothalams was completely déstroyed by heat cautery. In all pituitary
operations suture of the mucus membrane with fine monofilament nylon
(Armour Pharmsceutical Company Ltd., size I (5/6)) completed the surgery.
Healing of the membrane is alow in cold weather but begins within & few
days in sumser and healing of the incision is accomplished in about 3
weeks,

Completeness of the operation can be assessed visually when
rostral, median and neurointermediate lobes are removed. Dobson (197L)
serially sectioned the brain after these operations and showed that no



tissue is left adhering to the former. Serial section of ventral lobe
areas indicated that few cells survive the operation, leading Dobson
(1974) to conclude "a monolayer of pituitary cells adhering to the
dorsal wall of the ocavity show no sign of regenerating the ventral after
100 days post-operation and these cells seem unable to carry out the
normal function of the ventral lobe".

Fo damage to any other structure occurred with ventralobectomy.
The removal of the rostral and median lobes usually caused damage to the
hypothalamus which produces irreversible darkening (Hogben, 1936; Wilson,
1972). Beurointermediate lobectomy ceused irreversible paling (Wilson,
1972). Damage to the sacous vasculosus causes some bleeding but has no
apparent effect on the survival of the fish. OSurvival of operated and
control fish (token drilling for ventral lobectomy and the cutting and
1ifting of a flap for the other operations) was approximately equal except
for the case of total hypophyseotomy where more operated fish died.

Details of survival are given for each group in the appropriate section.

©) Thyroidectomy (TX)
Thyroidectomy was performed as described by Matty (1954) and
Lewis (1975). Pish were again anaesthetised and placed vemtral surface
uppermost in a wooden trough. The mouth was opened and the lower jaw
pulled back and held by a strong rubber band. This revealed the soft
vhite muocosa on the ventral surface of the tongue. Using a secalpel, a
medial incision was made through the mucosa. From this stage onwards
the operation was carried out using blunt diesection. The sub-dermel
comective tissue was separated, with curved blunt forceps, and the
coracohyoid muscles, lying ventral to the thyroid gland, were revealed.
These muscles were separated medially for sbout 2 cm posterior to their
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origin at the edge of the lower jaw. Occasionally this resulted in a
considerable loss of blood as the simus in which the thyroid gland lies
wvas ruptured, although bleeding ceased rapidly and the operation was
resumed after swabbing. The erms of a retractor were inserted under
the muscles and the thyroid simus opened slightly, exposing the thyroid
gland showing up orange or yellow against the light pink of the surroun-
ding tissue. The tail of the thyroid gland was fully exposed by further
blunt dissection at the imner surfaces of the coracohyoid muscles. The
thyroid gland was "peeled” back posteriorly by holding the gland in one
pair of forceps and severing commective tissue with another pair. If
possible the whole of the gland was removed in one plece and the cavity
was carefully inspected and swabbed out with cotton wool. Amy fragments
of thyroid adhering to conmective tissue were easily distinguished by
their colour and were picked off. A large, loose stitch was tied to

draw the muacles together, and the mucosa then stitched together over
the muscles to close the wound.

Force feeding of experimental fish was earried out using a
mechanical feeding device as described by Dodd et al. (1959). This
consisted basically of a metal eylinder that was filled with minoed
fresh whiting, and a mechanically operated plunger to force this food
out through a plastic tube at the bottom. Feeding can be carried out
by a single operator who, holding the ansesthetised fish vertically,
opens its mouth and inserts the plestic tube gently umtil the latter
reaches the stomach. He then turms the plunger handle the requisite
mmber of times until the desired amount of food has been delivered.

In this way fifty dogfish can be fed in one hour; each receiving the
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same amount of food. Dodd gt 2l. (1959) noted that females fed in this
way lay normal looking eggs at regular intervals throughout the egg laying
season. In the course of thie study fish were fed approximately once
every 2 weeks with about 4O g of mimced whiting. All the egg-laying
experiments were conducted during the winter months when the fish's
metabolism is lower than during the dummer months of higher water
temperature. The mean weight loss over the four month span of most
egg-laying experimeats was 5.8%.

3) [Monitoring of egg-laying

In all experiments involving monitoring of egg-laying after
operation, the fish were divided so that between { and § animals were
present in each tank at the beginning of the experiment, with no other
fish present. Fish were distributed so that all animals present in an
individua]l tank had received the same operation. As far as possible
groups of fish were distributed randomly with this limit to attempt to
minimise any effects due to light or temperature differences within the
tank system. TFvery day, usually in the morning, all tanks were inspected
for egg cases, which were removed and kepit separately (see below). If
2n egg case was seen protruding from the cloaca of a fish it was removed
by gentle pulling. In this way it was possible to asoribe about half
the total mumber of eggs layed to individual fish. Egg cases laid in
the tank, usually wound around the stand pipes, could only be ascribed
to a group of animals. DBesides these pipes nothing else was present in
the tanks around which the fish could wrap the tendrils of their egg cases.

All eggs collected were transferred to floating plastic trays
divided into numbered compartments by nylon twine so that the fertility
of each pair could be checked subsequently.
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All test substances administered were injected intravenocusly
into the caudal sinus. The needle of the plastic ayringe, already
loaded with the test substance, was inserted into the caudal sinus a=s
described in Chapter 1 and some blood withdrawn into the syringe to check
that the needle was correctly positioned. This small volume of blood,
together with the teat substance in 1 ml, was then carefully injected into
the simus. Very little, if any, leakage of the test substance occurred
if the syringe needle was left in the caudal eimus for about half a
minute after injection of the test substance. Subsequent blood samples
were collected as described previcusly (Chapter 1).

In the initial experiment involving injeotion of a vemtral lobe
extract into mature male S, canicula, the four experimental fish each
received an extract equivalent to 8 ventral lobes. These lobes were
collected from males during April, and 32 were homogenized in 5 ml 0.9%
saline as described previously (Chapter 1). The extract wes spun and
1 ml of the supernatant injected into each fish (= 8 ventral lobes), while
the remaining 1 ml was frozen and later assayed for its biological gonado-
trophic potency in the 32? chick agsay.

In the later experiment involving injection of an extract of the
various pitultary lobes into hypophysectomized mature male dogfish, all
fish received an extract equivalent to 8 lobes. The various lobes were
collected from a single batch of L0 fish caught during April, of mixed
sex. The pituitary lobes were separated from one another and frozen
until the experiment, when they were thawed and homogenized in 0.9% saline
a8 above, In this case none of the extracts were subsequently bioassayed
for their gonadotrophic potency.




Ovine follicle-stimulating hormone (NIE~-FSH-510) and ovine

luteinizing hormone (NIH-1E-S19) were weighed out on a Cahn gram Electro=-

balance (Cahn Instrument Company, California, U.S.A.), dissolved in 0.9%
sgline and injected as before.

As Dobson (1974) had failed to show an effect of hypophysectomy
on plasma testosterone levels in mature males, he argued for a degree of
autonomy of the testis not foumd in higher vertebrates, although his
experiments were by no means exhaustive. In view of thia finding it
seemed worthwhile to see if elevated steroid levels could be obtained in
adults by replacement therapy.

The initial experiment was conducted primarily to establish if
steroid levels could be altered experimentally, and if so, to ascertain a
time course for this change. Seven mature intact males, captured three
days previocusly in early August, were used. The four receiving an ine
Jection of a ventral lobe extract all showed a rise in plasma testosterone
concentration an hour after the injection (Figure 14). The level was
still increasing 90 mimutes after the injection of the ventral lobe extract,
at the end of the experiment. This increase in plasma testosterone con-
centration was highly significant (P < 0,01) between the preinjection and
90 minmute post-injection bleeds in the four fish receiving the ventral
lobe extract, but there was no significant change in the plasma testostercne

level in the sasline injected fish throughout the experiment. Estimation

e




Figure 143

Elevation of plasma testosterone levels in mature male

5. capiculs after an intravenous injection of either a
ventral lobe extract (solid lines) or saline (dotted lines).
Each fish received the equivalent of eight wventral lobes

or a similar volume of saline.

A: Individual fish, B: Mean values for control and
sxperimental groups.
NS = Not significant; * P <0.05; ** P < 0.013

Students "t" test.
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of the gonadotrophic potency of the ventral lobe extract in the <P chick
assay showed that each fish received 60.8 (31.2 - 129.6) P& equivalents
NIH-1H-519, Although the experiment was conducted on only a small mmber
of intact fish, also presumably containing endogencus circulating gonado-
trophin, it convincingly demonstrated that plasma testosterone levels
could be elevated in intect mature males, and also gave an indication

that although the response had begun after 1 hr, levels were still rising
after 14 hours.

After the success of the initial experiment, a larger experi-
ment was conducted to determine which of the various pituitary lobes were
capable of stimulating this increase in testosterone levels., TFifteen
mature males, caught on the 17th September, were completely hypophysectomized
two daye later. All fish showed marked paling following the operation.
They were split into three equal groups two days after the operation. After
the initial post-operative bleed (time O h), one group received a rostral
and median lobe extract, one a nmeurointermediate lobe extract and the last
group & ventral lobe extract, all lobes having come from a separate single
batch of fish, Those injected with the neurovintermediate lobe extract
went very derk after approximately 30 minutes. All fish survived until
the end of the experiment although one died very shortly after the fipal
sample was collected.

The first interesting feature to emerge was the fact that the
plasma testosterone levels halved betwesen the pre-operation bleed and the
firat post-operation bleed two days later. This fall was highly signifi-
cant (P < 0.001) over the whole group of fifteen experimental fish. As
well as altering the initial testosterone levels the operation also lowered
the variability between individuals., Those fish receiving an extract of

F—————————




rostral and median lobes showed no significant change in plasms testo-
sterone concentration throughout the course of the post-operative bleeds
(Pigure 15). FHowever there was a steady, non-significant, rise in
testosterone concentration up to four hours post-injection, followed
by & fall back to pre-injection levels after 2, hours. Fish receiving
an extract of neurointermediate lobe showed a significant (P <0.05)
rise four hours after the injection, which was maintained at five hours
post-injection, but had fallen significantly (P < 0.05) after 48 hours,
back to pre-injection levels. At no time were the testostercne
concentrations in fish receiving either rostral and median or neurc-
intermediate lobe extracts significantly different from one another.
Injection of a ventral lobe extract caused a significant
(P < 0.05) rise in testosterone concentrations within one hour, and by
five hours this was highly significant (P < 0.001). Flasma testosterone
concentration in fish injected with ventral lobe extract were significantly
higher (P < 0.05) than those injected with rostral and median lobe extrect
two hours after the injection, and were highly significant (P < 0.001)
after five hours. Four hours after the injection fish that received a
ventral lobe extract had significantly higher (P < 0.05) testosterone
concentrations than those fish that received the neurcintermediate lobe
extract, this difference being more significant (P < 0.01) after 24 hours.
Even 72 hours after the injections the fish that received the ventral lobe
extract had a significantly (P < 0.05) higher plasma testosterons ocon-
centration than either of the two groups receiving rostral and median or
neurointermediate lobe extracts, both the latter two groups having returned
to pre-injection levels (time O hours), although the concentration had de-
creased markedly (P < 0.05) between five and /8 hours post-injection in the
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Elevation of plasme testosterone levels in hypophysectomized
mature males following the intravencus injection of rostral
plus median lobe extract ( ) ventral lobe extract ( &g ),
or neurcintermediate lobe extract { %) ). Each fish
received the equivalent of eight lobes.

Each colum represents the mean = SEM (n = 5) ng/ml.

NS = Not significant; * P < 0.05; ** P <0.01;

¥ P <0,001,
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Teble 6: Changes in plasma testosterone concentrations following the intravenous injection of various
pituitary lobe extracts

Pituitary lobe

extract

Plasma testosterone concentrations ng/ml (i SEM), n = 5 in each case

Time after injection (hours)

injected
Pre-op 0 1 2 3 L 5 2y L8 72
Rostrel + medien | 18.43%3.81 | 8.9121.51 | 8.37%1.76|10.62%3.81 | 11.603.59(11.88%3.45 | 11.6622.39 | 7.89%0.78| 8.50%1.33| 9.45%1.81
lobe ‘ *
) P s N.S5.
Ventral lobe 16.44%1.53 | 8.1920.64 | 10.2120.95|25.19%),.08 | 26.96%L.62| 3,.8127.67 | 35.14%3.09 | 33.475Y.6120.2523.29(17.7623.10
€ > o P B
¢ e i
- >
Neurointer- 24.87%5.69 | 9.59%2.37 | 9.71%2.51|14.852L.07 | 19.22%6.02|20.572L.58 | 22.7126.67 | 13.41%3.26{10.3721.79| 9.9721.73
mediate lobe P o AN *

Y

[

P
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former fish, These results are tabulated in Table 6.

The effects of mammalian gonadotrophins were studied on a
group of mature females caught in late February and completely hypo-
physectomized over the following two days. The time scale adopted fol-
lowed fairly closely to that used in the experiment described above.

There wvas no significant fall in either plasma testosterone or ocestradiol
concentration between the pre-operative and pre-injection (time O hours)
bleeds five days later. Injection of either ovine LH (NIB-1H-S19,

100 pg/fish) or saline did not cause any inorease in either plasma testo-
sterone or oestradiol concentrstions (Figure 16). Ovine PSH (NIE-PSBE-S10,
100 pg/fish) caused a significant (P < 0.05) rise in both testosterone and
oestradiol concentration between L and 6 hours post-injection (Figure 16).
There was & highly significant (P <0.001) fall in both plasma steroid
concentrations between 24, and 72 hours post-injection in the 13 fish re-
maining alive at the end of the experiment, when considered as a single
£T0UD,.

To attempt to determine whether this almost complete failure to
respond to ovine gonadotrophins was due to an intrinsic imability of
mammalian hormones to stimulate stervid secretion in the dogfish, or
whether the fish themselves were unresponsive and unable to respond to
any gonadotrophin, five of the fish, selected at random but including at
least one from each of the three groups, were injected with a ventral lobe
extract equivalent to 4O pg equivalents NIB-1H-S19 as determined in the
32%p chick assay. These five fish wers pre-bled before the injection and

subsequently bled 2, L, © and 2, hours after the injection. Only the

._.___
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Figuxe 163

Levels of plasma testosterone (top graph) and cestradiol
(bottom graph) in hypophysectomized mature females following
the intravenous injection of either ovine follicle-stimulating
hormone (NIH-FSH-510, 100 pg/fish, I ), ovine luteinizing
hormone (NIE-IH-319, 100 pg/fish, ) or saline ( sl ).
Each column represents the mean =~ SEM (n = L, 5 or 6) ng/ml.

* P <0.,05,
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ocestradiol levels were measured in these plasmas, but no significant
rise occurred, in fact there was a slight fall over the experimental
period. However, this experiment wes conducted § days after the
initial experiment involving injection of ovine gonadotrophins.

3)
Although Dobson (197L) had failed to detect an effect of hypo-

physectomy on testosterone concentrations in mature male dogfish, the
experiment conducted here involving injection of pituitary lobe extracts
into males had shown a highly significant fall in plasma testostercne
concentration over two days in a group of 15 completely hypophysectomized
fish., To see if this could be repeated a group of ten freshly captured
mature females were operated on in late October; six were ventral lobecto-
mized and four were rostral and median lobectomized, and subsequently bled
over the next two weeks, The results, shown in Figure 17, demonstrate
that the oestradiol concentratiomn falls rapidly over the first four days
(P <0.001 for both groups combined) and then levels out, although still
falling, between days L and 14 posteoperation (P < 0.05 for both groups
combined). FHowever, at no time is there any significant difference
between the groups, which received the different types of pituitary
operation.

4 more thorough experiment involved three groups of 10 mature
male fish,one ventral lobectomized, another rostral and median lobectomized
and the last neurcintermediate lobectomized. The fish were all pext of a
single batch caught on the 17th October and operated on over the 22nd and
23rd October. All subsequent blood sampling was carried out between 9
and 11 e.m., following the same time scale adopted in the previous experi-

ments. As can be seen in Figure 18, the plasma testosterone levels of




Figure 17:

Fall in plasma oestradiol levels in mature femele §, canicula

following ventral lobectomy (e e) and rostral and median

lobectomy (0-----o0). Each point represents the mean X SEM
ng/ml, n = & for VIX and L for B + MLX.
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Pigupe 18:

Fall of plasma testosterone levels in mature males
following ventralobectomy ( ISS ), rostral plus
medianlobectomy ( T ) and neurcintermediate-
lobectomy ( =\ ). Hach column represents the
mean 2 SEM (n = 10) ng/ml.




all three groups fell steadily throughout the duretion of the experiment.
Once again the rate of fall was more rapid in the first four days than in
the latter ten days, although it fell significantly between any bleed and
the following one in all three groups. To avoid confusion Figure 18

only shows the statistical significance of the testosterone concentration
fall in tbe group of fish that were rostrel and median lobectomized. On
daye 2 and L the plasma testosterone concentration was significantly lower
(P <0.05) in the ventral lobectomized group than it is in the rostral and
median lobectomized fish, although there is no significant difference
between these two groups at the begimming or end of the experiment. At
no time is there any significant difference between the testosterone con~
centrations of the ventral lobectomized and neurointermediate lobectomized
groups.

Plasma testosterone and oestradiol concentrations were also
measured in ventral lobectomized and control fish operated by Dr. Craik.
These mature females, split into two groups of six, were captured on the
26th September and operated on the 1st October. The fish were fed at
the time of operation and again on the 8th, 12th and 15th October and a
second blood sample collected on the 16th October (+ 15 days). Plasme
cestradiol concentration did not change significantly over this period
in the control fish, but fell significantly (P <0.05) in the ventral
lobectomized group. Testosterone levels fell in both groups of fish,
although the fall was greater in the ventral lobectomized fish (P < 0.01)
than in the ocontrol fish (P < 0.05) (Pigure 19). After the 15 days of
the experiment the plasma testosterone concentration was significantly
(P <0.05) lover in the ventral lobectomized fish than in the control fish,
but there was no significant difference in the oestradiol levels at this
time.



Pigure 193

Plasma testosterone and cestradiol levels in ventral
lobectomised ( MMM ) and sham ventral lobectomized
( Y ) mature female S. cenicula. Fish were fed
after operation and ag=in on days +7, +11 and +1}.
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boo LALRCR D2 DSVl i sl il ih Swdl SRiS Glh SSi-sATdor
ppvalts of the $ffecl of mriccs pltelitery cparaticors on toa
mis of sgg-laying of smturs fesmles wre Talrly difTicull to LAteriTet
bebeciitinge oontiressst of tha fiah over o loog perlod of tioe in the tenks
apjird Lo Dave & falply drasilc affset oo thalr sge-laying capebillities.
Hy monltoring the sag-laying of Lodividwal fleh Lt was posaible to dsmen-
wirate that some [lsh appeared sliher incapable or rwluci:ot %o lay mee-
capdules st all, whllas others lay only sporsdlomlily. Bowrver; B mmber
of conolusions can still be dressm fros the avallahles dats. Firstly, by
palpallng the fish while moseeihelised for operation, L wes posalble to
Tesl Lf any eEgx capsulss veare presant io the oviduois, snd il so, thiwe I
wid reoardsd. Lll of thess &fF capriled wars mubsecoently collected
wlthin apyroaimately ooe week of Lhe operatlon: Amsesibetipiog the [Ish
Ter opematlon ciien ceusen sEZ—oapsules i ba ovipoedied LY they ara
Ll reddy present in the pasterdor partiac of the awidoat,

All proups of fisk appeared to0 have a taret of agg-lsyibg
potivity shortly sltar tha operatlon, and thla vas nlwarys followed Ty o
paricd, mogieg in langth from {9 to LE days depandicg on bhe group of
fieh, when oo wgf capsules st all wery ladid, Subsequent Lo this period
of oomplets loaciivity ln relsilon to sep-laying, nll zroups of flsh
gxoapilng those wheres tha wvemiral lobe had besn removed commanced agg-
laying agaln, altheogh at o redoosd vate. After the dnltlal burst of
sil-laylng shortly altet e operatlon, which ces probsbly be scocunbed
for by sgp-ocupwules alresdy formed, thoss fish that had bean ventral
lobeciomlized coased egm-liaying completaly (sew Tigures 20 and 1), &

vimal sxaminabisn ¢f the svarids of bhass [leh at bhe ond of the sxperci-

a0t showed that all the largs jyoliy vitellcgenlo falliclesa had becoms




Elgure 20

Rate of egzg-laying and smrvivership of speratad and cantrol
mature female 5, ganiouls over s 5 month period.

A

B,

Ce

I,

Croup of 20 control rostreal plus mediane
lobectomies (R + MIC), where o flap was opaned.
Croup of 25 rostral plus medianlobectomies

(R + MIX).

Group of 20 control ventrmlobectomiee (VIC),
with token drilling.

Group of 2, ventralobectomies (VIX),

Groups A and B were operated between 21at and 25th

Ootober, 1973, and groups C and D between 3rd and 9th

November, 1973
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Figge 21:

hate of sgeE-laying and survivorship of operated and comtrol

mature female S, caniculs over a L moutb period.

A, Group of 11 control reostral plus medianlobectomies
(B + MIC), where a flap was opened.

B, Group of 15 rostral plus medianlobectomies plus heat
cautery of the hypothalamus (R + MLX + cautery).

C, Group of 2 ventralobectomised plus thyroldsctomised
fish.

Group 4 and B were operated on 22nd February, 197L and

group ¢ on 24th January, 197L.
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atretic, some being in an advanced state of atresia. Examination of
the overies of fish that had either been control operated or rostrel and
median lobectomized showed that most fish hed some atretic felliclem in
the ovary, although this atresis was not usually as advanced as in the
ventral lobectomized fish.

In almost all cases egg-capsules were obviously in pairs,
whether they were extracted directly from the cloaca of a fish or laid
in the tank. VWwhen only a single egs-capsule was ocollected on one day
it was usually possible to pair it with another single egg-capsule laid
a day either eside, JNearly all egge appeared fertile, with no difference
in the percemtage of fertile egge between tha various operations, Even

ssven months after amy contact with a male the four femsles still laying
aggs were producing ones.

Liscussion
As has been pointed out elsewhere (Dodd, 1955), elasmobranch

fish afford special opportunities for studying repreductive physiology.
The Order comtains closely related species which are oviparous, ovo-
viviparous and viviparous., Extermal secondary sexual characters in the
form of claspers are present in the malss and & well defined breeding
cycle is charecteristie of many species. Moreover, the pituitary gland
is well developed, accessible and consists of three distinot and largely
seperate lobes. In spite of these attmotive features, there are still
many unresolved problems relating {o the sex and reproduction in these
fish, A great deal of the work that has been carried out oconcerned with
the endocrinclogy of reproduction in the elasmobranchs has been conducted
by Dodd and his co-workers (reviewed in Dodd, 19603 Dodd, 1975) on the



dogfish, Sgyliorhigus canigula, a8 the latfer is an exvellent experimental
animal,

Vivien (1941) published details of experimental surgery on
S, capicula, tut, unfortunately, hie material and records were destroyed
and no histological detalls could be given. Although the paper, in
oonuqmno}u discursive rather than preclss, several interesting results
are recorded in it. Pituitary extracts and implants caused resumption
of gonadal activity during the rssting period of the sexual aycle, though,
in females, injection or implantation was effective in this role only

when it wes carried out close to the time at which gomadal zotivity would
normally be re-initiated. This sppears to be the only previocus xeport
on the effects of replacememt therapy on reproductive physiology in the
dogfish.,

The experimemis reported here, involving elevatlon of plasma
testosterone concentretions in mature meles, either imtect or completely
hypophysectomized, after injeotion of pitvitary lobe extracts, were ocon-
ducted in the autumn when plasma testostervaos concentrations were falling
repidly in mature males in nature {Dobson, 197,). Bioassayable gonado-
trophic potency of the male ventral lobe is lowest in August (Dobson,
1974), but rises through September and October, although circulating
gonadotrophin levels are unknown., Dobson (197L) alsc staies that the
low point of spermatocytogenesis is in Octobor, and tims fish need for
the replacement therapy experiments reported hers probably had relstively
inactive testes in comparison with other times of the yeayr. In the hypo-
physectomised males a four-fold increase in plasme teatosterone concemtration
wag obtained fouxr hours afiex injection with an extract of ventral lobe.
Although the biclogical gonadotrophisc potancy of this particular extract
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was not meagured, the intact males of the first experimant received the
same mumber of lobes from the same pool, this extract having a gonado-
trophic potency of 60 pg equivalenmts NIB-1B-519/fish. Ascomding %o
Dobson (197.) mature male ventral lobes ecentain 5.8 pg equivalente ovine
IH at the time of year the experimentes were conducted. Ais measurement
of circulasting gonadotrophin concentration is not possible at the moment,
it is impossible to know the circulating gomadotrophin levels in the in~
tact and injected fimh.

Although a signifiocant response was cbizined after 90 mimutes,
the maximum response did not occour until four hours after administration
of the ventral lobe extract. Maung,S.L.{1976) found that intravenous
injection of ovine IH into mature male quail caused a maximm elevation

of plasma testosterone concentration after only 15 mimutes, which had

fallen again after 1 hour, The difference in timing is probably to be
expected between a ocold blooded fish that shows extreme lethargy within
the confines of a tank, and an active bird having a high metabolic rate.
In the dogfish, the plasma testosterone concentration is still maximmliy
elevated 2} hours after the injection of the ventral lobe extmact bui has
deoressed significantly after L5 bours. At first glance this appears to
imply that the half-1ife of the circulating gonadotrophin is longer in the
case of the dogfimh. However, this may not de the case, as seversl

independent factors may lead tc the plasma testosteruvie concentration re-
meining elevated for 2 hours. The testosterone clearance rate mey be
different between birds and fish. Plasma testosterone in two male dog-
fish castrated in July fell only slightly over the first two days post-
operation, but then fell more rapidly over the next ¢ days to reach a

concentration one quarter of that circulating initially (Dobson, 1974).

——————



Jenkins (persomal commmication) has recently shown that testosterons

concentrations in ovarisctomiszed mature dogfish falls to undetectable
levels within two days, although the cestradicl concemiration of the
seme fish did mot fall as rapidly, and had not dropped significantly
until 7 days after the operation. These fish were operated in December.
Recently Jemkins (personal commmication) has also demonstrated that dog-
fish injected with a dogfish amti-gomadotrophin (anti-OM2, 787-3, see
Chapter 3 of this thesis) show a highly significant fall in plasma testo-
sterone concentration after € hours, the latter rising again after a
further 6 hours., These experiments, all of which presumably cause a
cessation of anirogen and cestrogen secretion from the gomad, illustrate
that the stexvid clearance rate from the plasma may well be variable
depending on the time of the experiments, and so no defimitive comclusions
oan be draam as to the half life of the injected dogfish gomadotrophin.
Interestingly the hypophysectomized males injected with an
extract of nsurcintemediate lobes also showed a significant elevation
of plasma testosterone concentwation. This rise followed the same time
course as that induced by the ventral lobe extract, although in amplitude
it wvas only about one half. It is mot possidble to guantify the relative
amount of gomadotrophin in the two extrmeta that csused e significaut rise
in testostercne comcentration. As the maximm response under the experi-
mental conditions is umknmown, it is impossible to know if the vemtral lobe
extract caused maximal secretion, and if it did how much less extract would
have given the same response. If one assumes that the testosterome
secreted originated from the testis, which the results of castyation of
both male and female appear to demonstrate, them the elevation of plasms
testosterone concemtration after an injection of a pituitary extract is
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the first demonstration that the gonadotrophin present in the pituitary
is capable of stimulating stexoidogenesis of the dogfish in the classical
WaY .

At one time or another all lobes of the dogfish pituitary have
been implicated in gonmadotrophin synthesis. The ventral lobe is certainly
the main, if not the only, lobe containing gonadotrophin. This has been
confirmed both surgically (Dodd gt 1., 1960) and using different gonado-
trophin bicassays (Scanes gt al., 1972; Firth and Vollrath, 1973).
However, the median lobe has also been implicated, both by biocassay (Pirth
and Vollrath, 1973) and by ultrastructural studies (Knowles gt al., 1975),
as has the neurointermediate lobe (Goddard and Dodd, in Dodd, 1955),

although nsither of these bhave been confirmed surgically.
Biochemical evidence presented in Chapter 3 shows that, using

standard mammalian extraction and purification technigues designed for
&lycoproteins, a large batch of neurointermediate lobes contained only

1% of the bicassayable gonadotrophic aotivity present in the ventrsl lobes
from the same fish. It was therefore quite surprising to find that the
neurointermediate lobe extract was capeble of stimulating stercidogenesis
to the degree that it did. There are & mumber of possible reasons to
explain this result, the most obvious being that the neurointermediate
lobe extract injected into the dogfish contained a gonadotrophin thet was
very active in stimmlating steroidogenesis in the dogfish, but was much
less potent in either the 2P chiok assay or the quail interstitial ocell
assay, which also employ the amount of testosterone secreted as its end
point. This seems rather unlikely and there appears no logical explamation
as to wiy the meurvintermediate lobe extract should be so potent in stimue-
lating sterocidogenesis in the homologous species but show little if any




gouadotrophic activity otherwise. Campbell and Idler (1976) recently
showed that a glycoprotein preparation from teleost pituitaries, which
should contain any classical gomadotrophin, failed to stimulate gonadal
incorporation of the yolk which accumulated in the serum. In countrast,
the nonglyeoprotein fraction of these pituitaries stimmlated yolk in-
corporation into the ovary. In the Winter Flounder a typical gonado-
trophin stimulated response is thus initiated by a non-glycoprotein, and
a situation analogous to this may occur in the dogfish, although it seems
highly unlikely, especially in view of the fact that the vemtral lobe also
stimulates stercidogenesis, and this lobe certainly comtains the majority
of the glycoprotein presemt in the dogfish pituitary (see Chapter 3).
Elasmobranchs might be expected to yield information of con-
siderable inferest on the question of hormone specificity, but there are
few data available as yet on this aspect of the probdlem. Carlisle (1954),
using the male dogfish, has investigated the effects of certain mammelian
hormones on the spermiation reaction. Freshly caught mature dogfish can
be made to yleld spermatozmoa at the urinogenital papilla by lightly
stimulating the belly region, whereas this reaction can no longer be
elicited from males which have been starved for some time, However,
Carlisle found that the spermiatiom reaction could be re-initiated in
such fish by certain mammalian hormones. Chorionic gonadotrophin ine
duced spermiation at a dose level of 1-2 mg per fish, but was inactive

at 0.5 mg; luteotrophic hormone, extracted from human post-partum urine,

vas effective at 2 mg per fish, and anterior lobe pituitary gonadotrophin
(Praephyson) stimulated spermiation when 105 i.u. were injected into each
fish, but was ineffective at a dose level of 35 i.u. Vivien (1941) found
extracts of mammalian pituitary material were effective in causing resump-




tion of gonadal activity during the resting period of the sexual cycle,

although the amounts required were up to three hundred times as much
mammalian as homologous material. A small but significant increase in
the weight of overy and oviducts of immature specimens of Raia radiata
was reported by Dodd (1955) in response to serum gonadotrophin (Gestyl,
Organon) administretion.

The single experiment reported in this study in which mammalian
gonadotrophins were injected does nothing to clarify the situation. Of
the two ovine gonsdotrophins injected, only the follicle-stimulating
hormone caused any significant increase in steroid concentrations. This
increase, however, occurred in both plasma testosterone and ocestradiol
concentrations at the same time, between four and six hours post-injection,
at the time of maximum plaesma testosterone concentration in fish injected
with ventral lobe extract. As NIH-FSE is considered to be approximately
% pure (Licht, 1973b), whereas NIE-1H is approximately 50f; pure, by
administration of equal quantities of pure hormone, or varying amounts of
each of the NIH hormonmes so that both doses contain equal amounts of
biologically active hormone, it may be possible to show that manmalian
FSH is steroidogenic in the female dogfish, Subsequent to the injection
of the ovine gonadotrophic hormones, some of the same experimental fish
felled to respond to a ventral lobe extract. This could either be because
from the onset of the first experiment the fish were unresponsive to gonado-
trophin stimulation of steroidogenesis, and if so dogfish may respond to
mammalian gonadotrophins at other times of the year, or else by the time
of the second injection, that of the ventrsl lobe extract, the fish had
lost their ability to respond to gonadotrophin stimulation although they
were responsive earlier, at the time of the injection of mammalian gonado-




trophin, In this case the failure to respond would be a true inability
of mammalian gomadotrophins to stimulate steroldogenesis in the female
dogfish,

A final possibility is that the ventral lobe extract injected
into some of the fish, subsequent to the ovine hormones, did not contain
enough gonadotrophic activity to stimulate stercidogenesis. Bioassay
of an aliquot showed that each fish received the equivalent of L0 pg
activity, which is only two-thirds of the activity used in the other
experiments involving males. Possibly this dose is not enough in the
case of the female. In this respect it 1s worth noting that the female
ventral lobe contains in excess of L0 pg equivalents of gonadotrophic
activity throughout much of the egg-laying season, vhen this experiment
was conducted, so the injected dose was only equivalent to ome lobe or
lesa, whereas the meles showing highly significant responses to ventral
lobe extracts had received around ten times the gonadotrophin content
normally present in the male ventral lobe at the time of the experiments.

As Dobson (197)) had obtained no significant difference in
Plasms testosterone concentrations in males following rostral and median
lobectomy, or vemtral lobectomy over control fish, and only completely
hypophysectomized fish showed a significant fall in testostercne con-
centration, and then only marginelly, it was surprising to find that
complete hypophysectomy produced a halving of plasma testostercne con-
centration in males over two dsys. EHowever, a more thorough appraisal
of oeatradicl concentratioms in either ventral lobectomized or control

operated fish showed that in both groups the plasma oestradiol concent- !
ration fell at the same rate over the two weekly periods of the experiment, i
confirming Dobeon's results. ‘then ocestradiol oconcentrations in either q




R + MIX, NILX or VLX females were compared, the levels in all three
groups fell throughout the course of the experiment, with little
difference between the three groups. Jenkins (personal commnication)
hag recently demonstrated that steroid levels rise during the first day
of captivity, posaibly due to stress, and subsequently fall at the same
rate as shown in this work. It may be best to look for an effect of
ventral lobectomy on steroid levels after the fish have been allowed to
settle in the tanks for a while. Alternatively the fall in steroid
levels in fish held in captivity may be due to inanition as they are very
reluctant to feed, especilally over the colder months. This was partially
confirmed by msasuring both testosterone and ocestradiol concentrations in
hypophysectomized and control fish that were force fed regularly throughout
the experiment. Steroid levels fell but not as fast as in the previous
experiments, and those of the hypophysectomized fish fell significently
faster.

The time of year that the experiment is conducted, the condition
of the fish prior to operation, and the subsequent itreatment of these fish
all appear to be important when considering the effects of hypophysectomy.
Dodd et sl. (1960) showed that removal of the ventral lobe in males caused

@ breakdown of the ampullae lying between those contalning spermmtogonia
and those containing primary spermatocytes. Ventral lobectomy obviously,
therefore, has a marked offect on the testes but whether this is related

to its stercvidogenic capabilities remains to be demonstrated. The ventral
lobe of the pituitary plays a similarly important role in the maintenmnce
of the dogfish ovary. Ventral lobectomy results in atrophy of all eggs

in vhich vitellogemesis has started, the egge being converted into corpora
atretica. Effects are first noticed about thres weeks after hypophysec-




tomy; follicles coantaining large eggs become hyperzemic and change colour
to orange-yellow. They also lose their apherical shape and become flaccid.
The process of atresia continues during the succeeding weeks and conslde=
rable folding of the egg surface and removal of broken down contents pro=-
duces marked shrinkage (Dodd, 1960).

Hsaw and Albert (quoted in Dodd, 1955} have shown that removal
of the pituitary gland during ovulction in the siwoth dogfish (Mustelus
canis) etops the process, but it can be re-initiated by implantation of
homoplastic pituitary material. No attempt was made to localize the
region of the pituitary responsible for controlling ovulation. However
Dodd et al. (1960) have shown that ovulation in Scyliorhimus canicule is
oontrolled by the veniral lobe of the pituitary. No ventral lobectomized
fish laid oggs more than ten days after removal of the vemtral lobe; such
eggs as have been laid were undoubtedly either ovulated or about to be
ovulated at the time of the operation. Control fish in captivity laid
pairs of eggs regularly throughout the experiment period at intervals of
approximately three weeks., A4is is the case in male dogfish from which the
rostral or neurvintermediate lobes, or both, have been removed, the re-
productive processes and structures appeared to be enitirely unaffected.
From this surgical work Dodd gi al. (1990) concluded that the ventral lobe
is the seat of gonadotrophin production in dogfish.

The resulte of egg-laying experiments reported in this work
confirm the results of Dodd and his associates. Only after ventral
lobectomy did egg-laying cease completely, and was not reinitisted over
the five month experimental period, extending over the greater part of a
full egg-laying season. It is not possible to say unequivocally that
none of the other pituitary operations affected egg-laying because sub-




sequent to the operation, and following a period in all experiments where
no eggs were oviposited, only some of the fish recommenced egg-laying.
Those that did begin egg-laying again did so at approximately three weekly
intervals, as experienced by Dodd et gl. (1960). Vhen sacrificed these
fish had normal looking ovaries for that time of year, with little or mo
sign of atresia. Fish that did not recommence egg-laying were found to
have ovaries containing varying degrees of atresia, although very rarely
as advanced as that found in ventral lobectomized fish. This may well

be because the fish suffered inamition over the course of the experiment,
although they were force fed every two weeks and the average weight loss
of all fish over the five months of the experiment was only 5%.
Although the fish that do recommence egg-laying appear to
everage a pair of egg-capsules once every three weeks, this seems to be
an extended period between pairs of eggs when one considers that on
average 30% of freshly caught mature female fish contain egg-capsules in
their oviducts when autopsied (Chapter 1). Although this last fact does
not confirm a faster egg-laying rate in nature, it certainly points
strongly towards it. If so fish held in captivity never recover com-
pletely to lay egg-capsules st the natural rete. This may well be linked
with the rapid fall in circulating testosterone and oestradiol concente
rations when the fish are held in captivity, to level out after about tem
days. The high initial levels recorded, however, may be elevated due to
stress and the subsequent lower levels later may be the true circulating
concentrations found in nature. This would require confirming by

measurement of steroid comcentrations of fish bled very soon after capture

before steroid concentrations ocould rise., Interestingly, some of the fish



that had been extensively heat cauterised in the anterior hypothalamic
region laid egg-capsules at a much faster rate than that seen in any
other operated oxr captive fish; peirs of eggs being laid only three
days apart from one another. Phillips and van Tienhoven (1960) showed
that reproduction in wild ducks is often inhibited in captivity. This
reproductive failure of captive ducks was due to reduced pituitary
gonadotrophin output. These authors postulated that the pituitary
depression was a result of constant fear or anxiety acting by way of the
hypothalamus, Later Phillips (196)) demonstrated that lesions in the
ventral medial archistriatum and tractus occipito-mesencephalicus of
captive Mallards greatly reduced escape behaviour or fear. These
Mallards 'temed' by lesions in the archistriatum or its projections had
significantly larger ovaries and oviducts than did intact controls.

One possibility is that captive dogfish show a similar phenomenon, and
cautery of the hypothalamus removes the nervous inhibition to egg-laying
and the latter recommences at its natural rate.
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Interest in purifying the pituitary gonadotrophins of non-
mammalian vertebrates, and in determining their chemical structure and
biological actions, has increased greatly in the past few years. This
has occurred for a number of reasons, some of which are practical and
technical, while others are more academic. There is considerable
interest, for example, in using the purified gonadotrophins directly
to improve fertility in a number of fish species and in marine turtles
(see review by Fontaine, 1976, for the use of hormones for the control
of reproduction in aguaculture). The technical improvements in chro-
matography now allow the purification of hormones from animals available
only in relatively small numbers. The academic interest derives largely
from a desire to understand the evolution of the gonadotrophic hormones
themselves, as they constitute a c¢losely related group of hormones present
throughout the vertebrates, and equally to investigate the evolution of
their target organs. Without doubt & great impetus has come from the
recent finding that the three mammalian glycoprotein hormones secreted
by the anterior pituitary gland (luteinizing, follicle-stimulating and
thyroid-stimmlating hormones) have different biological actions, but
there are similarities in their chemical compositions and molecular
veights. Since Li and Sterman (1964) first showed that purified sheep
luteinizing hormone dissociates into two sub-units in acid solution,
studies on pituitary luteinizing hormone from other mammals have confirmed
that the subunit structure exists in all species examined thus far
(Stockell Hartree, 1975). One subunit, «, is common to all three hor-

mones and has been referred to as the species-specific subunit, while the




other subunit, /2, is of different structure in each case and conveys
the information that dictates the specificity of each hormone-specific
subunit. Studies of these gonadotrophin subunits (reviewed by Pierce,
1975) show that although the f-subunit of thyroid-stimalating hormone,
luteinizing hormone and human chorionic gonadotrophin have different
sequences, they evolved, in all probability, from a single polypeptide
chain. TFollicle-stimulating hormone from the pituitary apparently aelso
consists of two subunits (Reichert and Ward, 197L), but their structural
relations to those of the other hormones are not yet clarified. These
gimilarities in structure raise a host of questions pertaining to the
synthesis of the glyooprotein hormones, and to the biological specificity
of "LH" and "FSH" in different vertebrate groups.

A final end important reason for purifying the gonadotrophins
has been to develop radioimmunoassays for the hormones. The application
of radioimmuncassay techniques to the measurement of protein hormones in
biological fluids has greatly contributed to progress in endocrinology.
Protein hormone immunoassays are characterized by showing high species
specificity and it is only rarely that antisera will cross-react with the
hormones of another group.

Enowledge about non-mammalian vertebrate gonadotrophina, however,
ie still extremely limited. They have been purified from only two bird
species (Stockell Hartree and Cunningham, 1969; Scanes and Follett, 1972;
Furuya and Ishii, 1974; Farmer, Papkoff end Licht, 1975a), three reptiles
(Licht and Papkoff, 1974b; Papkoff, Farmer and Licht, 1976a, Licht,
Farmer and Papkoff, 1976) two amphibians (lLicht and Papkoff, 197La; Licht,
Farmer and Papkoff, 1975) and five species of bony fishes (carp: Fontaine

and Gérard, 1963; Burzawa-Gérard, 19713 two species of salmon: Donaldson,




Yameszaki, Dye and Philleo, 1972; Idler, Bazar and Hwang, 1975b;

sturgeon: Bursawa-Gérard, Goncharov and Fontaine, 1975a; trout:
Breton, Jalabert and Reinaud, 1976). Incomplete data are available i
for a few other fish species (Sundararaj, Anand and Sinha, 1972;
Hattingh and du Toit, 1973s Haider and Blum, 1976; Sundarara)j and
Samy, 1974). Ho information exists either for the cartilaginous
{ishes, or for the Agnatha.

As Donaldson (1973) points out, the main stumbling block in
studies on the isolation of gonadotrophin from the pituitary gland of

fishee has been the development of suitable bioassays, more so because

purified non-mammalian hormones are relatively inactive in memmalian
bicassays (Burzawa-Géraxd, 1969; Licht, Muller and Tsul, 1976; Papkoff,

Farmer and Licht, 1976b).
Witschi (1955) demonstrated that the pituitary gland of salmon

contains both luteinizing activity, measured in the Weaver-finch assay,
and follicle-stimulating activity, measured by wvaginal cornification in

the adult rat. A quantitative assay for piscine gonadotrophic hormones
besed on the weight incresase of gonads and accessory sexual organs, in

either male or female immature mice, was developed by Otsuka (1956a, b).
A year later Robertson and Rinfret (1957) extraoted gonadotrophin from

the salmon Oncorhynchus tschawytscha pituitary glands using a mixture of
acetone and acetic acid diesolved in water. The gonadotrophin was pre-

cipitated by increasing the concentration of acetone, and the biological
aotivity assayed by its effect on the growih rate of immature trout

testes. Purification of salmon gonadotrophin was continued using this

assay by Schmidt et al. (1965), although the assay had the dissdvantage
_ that it required a two week period of ireatment. An early attempt at
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the purification of carp gonadotrophin by Clemens et al. (196L) used the
goldfish testicular hydration essay (Clemens and Gramt, 1964) to monitor
the potency of the various fractions. Although this assay toock only
2 hours to perform, it required removal of the gonads with comsequent
death of the test animal., This gonadotrophin was referred to by
Clemens and co-workers as the "gonadal hydration factor®.

The release of spermatozoa (spermiation) from the testes of

mature Anurans has been used extensively for assaying and studying the

e e ettt ottt e -

physiology of gonadotrophins., It has received wide attention for the
study of zoological specificity among vertebrate gonmadotrophins (reviewed
by Dodd, 1960; Witschi and Chang, 1959), and it has been applied as a
routine biocassay for the purification of gonadotrophin from fish pitui-

taries (Fontaine and Gérard, 1963; Bursawa-Gérard, 1971; Burzawa-
Gérard, Goncharov and Fontaine, 1975a). Unfortunately, it shows seasonal
variation in response to mammelion IH (Burzawa-Gérard and Fontaine, 1965).
In spite of some disparities there had been a tendency to consider the
Anuran spermiation response as being dependent primarily om an LE-like
factor (van Oordt and de Kort, 1969; Burcos and Vitale-Calpi, 1967)

until Licht (1973a) re-examined the question of iis gonadotrophic
specificity with some of the more highly purified preparations of FSH

and IH available. He states, "... it seems reasonable to conclude, on
the basis of these comparative studies in three diverse species, that

the anuran spermiation response is not specific for either mammalian
pituitary gonadotropin. Since there is no apparent discrimination be-
tween purified mammelian FSH and LH in the spermiation test, the demonst-
ration that pituitary materials possess activity in this test only identi-
fies the presence of 'gomadotrophic' factor and provides no evidence re-



garding whether it is FSH or IH like in its biological properties”.
Licht (1973a) went on to demonstrate a pronounced discrepancy between
the potency ratios of the Papkoff and NIE preparations of ovine IH
between the anuran spermiation response and other assays of these same
gonadotrophin preparations. These included assay in the lizard, Anolis
carolivensis. Whatever the basis for the promounced discrepancy in
estimation of relative potencies in Anuran and other teast systems,
Licht's data obviously have importent implications for the use of the
Anguran spermiation test for monitoring hormone purification.

In their early experiments on the purification of salmon
gonadotrophin (see Donaldson and Yamasaki, 1968; Donaldson et al., 1972),
Yamazaki and Donaldson (1968z) developed an assay based on the spermiation
response of hypophysectomized mature male goldfish. In this assay a
response was obtained in only 24 hours, and human chorionic gonadotrophin
(HCG), although not equine LH or ovine FSH, could be used to standardisze
the assay. 1In 1970 they changed from the goldfish assay to the 2P-
uptake in day old chick testes (Breneman et el., 1962; Follett and
Farner, 1966) which has the advantages of rapidity, semsitivity, precision
and the ability to respond to mammalian IH as well as to salmon gonado-
trophin (Donaldson gt al., 1972; Idler et al., 1975b), dogfish gomado-
trophin (Scanes et al., 1972), amphibian gonadotrophin (Donaldson et al.,
unpublished, quoted in Donaldsom, 1973; Licht and Papkoff, 197La),
reptilian gonadotrophin (Licht and Papkoff, 1974b) and avian gonado-
trophins (Follett and Farmer, 1966). Again, however, this assay shows
a lack of discrimination between the two types of gonadotrophins in both
birds (Furr and Cunningham, 1970) end mammals (Licht, 1973b).

The in vitro maturation and ovulation of oocytes from a variety



of amphibians, especially the African clawed toad, Xemopus laevig, has
been widely used as a bioassay in gonadotrophin purification. The
relatively high specificity for IH from a wide variety of tetrapod
species (reviewed by Licht and Papkoff, 1976) has made the assay
particularly valuable for comparative studies on pituitary gonadotrophins.
Licht and his colleagues have relied heavily upon this agsay to identify
and quantify LH during the purificatiom of pituitary hormones from birds,
reptiles and amphibians (briefly reviewed by Farmer, Papkoff and Licht,
1975b), although in the course of their studies they have observed con-
siderable variation in the relative potencies of crude pituitary ex-
tracts and comparably purified preparations of L from different species.
This has applied even with a single class or order. Burzawa-Gérard

et al. (1975a) used oocytes from three different species of Amphibian

as well as extending the assay to fishes by utilizing the ococytes from a

Chondrostean, the sturgeon (Acipenser stellatus), to assay gonadotrophic
activity during their purification of Acipenser gonedotrophin, thus
avoiding the problems of species-specificity. As Jalabert et al. (197L)
demonstrated, the maturation of oocytes in vitro can be oonsidered as

representative of a typical fish gounadotrophic activity since only one
gonadotrophin seeme to promote both follicular growth (vitellogenesis)
and ovulation in fishes (Sundarsra) et al., 1972; Bursawa-Gerard and
Fontaine, 1972). Recently, Jalabert (1976) has carried out a detailed
study of the in vitro maturation and ovulation of rainbow trout (Salmo
gaixdnerii) oocytes, and extended his model to the control of oocyte
maturation in the northern pike (Esox lucius) and goldfish (Carassiug
surstus). Rainbow trout oocytes were also used by Breton gt al. (1976)
during the purificatioan of rainbow trout gonadotrephin.




Pinally, Idler gt al. (1975a) developed a biocassay based on
the stimulation of oyclic AMP (cAMP) levels in immature trout gonadal
tissue of both sexes, to aid them in their purification of salmon gonado-
trophins., This assay was sensitive in the range 0.3 to 10.5 S5G umits
(1 SG wnit & 1 pg NIB-18-518 in the S-P-chick bioasssy)., It was deve-
loped from the observations of Fontaine gt al. (1972) that the pituitary
gonadotrophin from salmon stimulated adenyl cyclase activity in ovarian
homogenates of goldfish.

One major disadvantage of most bloassays is that they require
comparatively large amounts of hormone and thus a significant amount of
aotivity may have to be used in monitoring purifications from animals
available only in relatively small numbers. Hecently a number of
memmalian bioassays have been developed that are at least as sensitive
as the respective radioimmunoassays and have the advantage that they
measure the biological activity of the gomadotrophin. Dufau gt al.
(1976) developed an in vitro assay based upon the ability of dispersed
rat testis interstitial cell suspemnsions to synthesize testosterone in
the presence of "LH"-like gonadotrophins, which Garfink ot al. (1976)
showed should prove useful for the study of non-vertebrate "lA"-like
gonadotyophins, including that from a trout pituitary extract. Radio-

iodinated humen FSH (1251-1:?33) vas used by Licht and Midgley (1976e,b)

to study the specificity of the gomadotrophin-binding sites of wvarious
reptilian, avian and memmalian gonadal tissues by examining competitive
interactions with several non-mammalisn gonadotrophins. They demon-
strated that a radioligand receptor assay employing heterclogous reagents
can be used as a gonadotrophin assay, but experienced comsiderable diffi-
culty in defining the FSH-LH specificity of the assay in terms of
mammalian hormones.




The actual purification of fish gonadotrophins has been
greatly influenced by the concept of two gonadotrophins existing in
lower vertebrates. This arose from the fact that this duality bhad ]
been demonstrated in mammals, Since the mammalian pituitary gland
contains several proteins which are useful for clinical and research
purposes, purification procedures have been developed so that several
hormones can be isolated from the same pituitary tissue. The glyco-
protein hormones can be separated from other pituitary hormones by

fractionation with agueous ethanol or (mh)z 50, solutions, with
further purification of each of the three glycoprotein hormones being
performed by steps which include ion-exchange chromatography and gel
filtration.

Carp gonadotrophin (c-GTH) was the first fish gonadotrophin
to be extensively purified (Fontaine and Gérard, 1963), the steps being
sumearized in Figure 22, The recent addition of a preparative electro-
phoresis step on polyacrylamide gel led to a better purification
(Burzawa~Gerard, 1971). The biologically active peak was eluted with
an Bf of about 0.50, and seperated from an inactive material (Ef = 0.80).
After recovery on Sephadex G-100, the lyophilized powder was about 20
times more active than the starting materisl. Its activity was about
1.5 x NIH-1H=-51 (measured on frog spermiation in October), with a yield
in activity of about L0)¥. A vexry similar technique was used by Burzawa-
Gérard, Goncharov and Fontaine (1975a) for sturgeon (Acipenser stellatus)
gonadotrophin, and by Breton, Jalabert and Reinaud (1976) for trout
(Salmo gmirdnerii) gonadotrophin, Although there are slight differences
between the three purifications, all involved an initial alcohol extraction,
according either to Bates et al. (1959) or Schmidt et al. (1965), followed
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Acetonic powder of carp pituitary glands
Extmllv alocoholic percolation
l Fraction soluble in EtOH 57%, NaCl 2%
Sephadex G-50, Tris HC1l, pH 7.8
l Unretarded fraction
Chromatography on DEAE-Cellulose, Tris HCl, pH 7.8
l Adsorbed fraction eluted by gradient
of ionic strength
Sephadex G=-100, tris phosphate, pH 7.2

Fraction of ‘n = 0028

Preparative electrophoresis

l rnctionotn,-o.SO-O.Sh

Sephadex G-100, N, HCO,
Fraction of In = 0.28

» 0-GTH
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by gel filtration, ion exchange chromatography on DEAE=cellulose, and
a final gel filtration.

Gonadotrophin has been purified from two species of salmon,
the chinook (Oncorhymchus tschawytscha) by Donaldson and Yamasaki, 1968;
Doneldson et al., 1972; and the chum (Oncorhynchus keta) by Idler, Besar
and Hwang (1975b). The former used techniques resembling those of the
French workers (see Figure 23): an alochol exiraction followed by two

" filtrations on Sephadex G-100, and evertually DEAZ-vellulose chromato- - — - — —

graphy. This yielded 260 mg of SG-G100 per 100 g of frozen pituitary
glands, with an activity of 0.1 x NIH-LH-S16 in the S2P-chick assay.

1 mg of SG=G100 was equivalent to 2150 I.U. of HCG in the goldfish
spermiation bloassay, while the most active IEAE fraction was epproximately
five times more potent than SG-C100 in the same assay.

Idler, Bazar and Hwang (1975b) described a rapid purification
procedure employing mild conditions which included an initial affinity
chromatography step using Con A-Sepharose (see Figure 2l,). This was
first successfully applied to the fractiomation of glycoprotein hormones
by Dufau et al. (1972). After affinity chrometography Idler gt al. (1975 b,
¢) filtered the gonadoirophin on Sephadex G=75 and followed this with ione

exchange chromatography on IEAE-Bio Gel A. They isolated éwo proteins ~ — ~ |

vith gonadotrophic activity that exhibited distinct behaviour, both
chemically on polyscrylamide gel electrophoresis and Sephadex G=T5
(superfine), and biologically, as assessed by the ratic of cAMP stimulation
in immature rainbow trout ovaries and testes.

Biochemical studies on the purified fish gonadotrophins have
demonstrated that the physico-chemiocal characteristics of the hormones
are similar as regards molecular weight, determined on Sephadex G=100 or




Figuxe 23:

k Flow diasgram for the purification proocedure of salmon
g pituitary gonadotrophin (from Domaldson et al,, 1972).
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Figaye 2is

Flow diagram for the purification of salmon (Oncorigmehus kets) _ ?
pituitary gonadotrophin (from Idler, Basar and Hwang, 1975b,e) 3
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by equilibrium ultrecentrifugation, and sedimentation coefficient. The
values obtained are comparable to those of ovine IH and FSH (Pepkoff,
19713 Cahill and Haxt, 1969). Like memmalian hormones, carp (c-GTH),
trout (t-GTH), sturgeon (aci-GTH) and salmon gonadotrophin eppear to
conaist of two subunits that show little or none of the biological

activity of the intact native molecule (Burzawa-Gérard, Goncharov,

Dumas and Fontaine, 1976; BEreton, Jalabert and Reinaud, 1976; Pierce,
Faith and Domaldson, 197¢). The two subunits of o-GTH, when inocubated
together even for a short period of time, regain much of the biological
activity of the native o~GTH., Burzawa-Gérard and Fontaine (1975) formed
a hybrid molecule by the assoclation of the < -subunit of bovine IH with
the P-subunit of carp gonadotrophin which was ebout one hundred times
less active than either o-UTH or bovine IH on the ovarian adenyl coyclase
activity of the carp and rat respectively, but was considerably more
effective than either on frog spermiation in vivo, or adenyl cyclase
activity in vitro.

The aminoacid cocmposition of c-GTH, aci-GTH, t-CTH and two
related salmwon fractions, SG-CM11 and S5G-I"AE1 (Pierce, Faith end
Donaldson, 197¢) have been determined, and are shown in Pigure 25, A
comparison of the numbers of residuse of each amincacid for the fish
gonadotrophins reveals notable differences which, besides suggesting
different sequences, may explain the immunological and bioclogiocal
specificity of the fish gonadotrophins. These values are also different
from those obtained for mammalian IH and FSH. Analysis of carbohydrate
and sielic acid contents in the fish proteins has not been possible due
to the amounte produced being too small.

A different approach to the study of the biochemicel similarities
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Zigupe 25:

Aminoacid composition of fish glycoprotein freotions
mwmmmmmm‘.

For comparison, values are expressed as residues

per 200 residues for the fish gonadotrophin fractions.
This figure was chosen because there are about 200
residues in the mammalian gonadotrophins,

Data from Pierce, Faith and Donaldson (1976).

Data from Bursewe-Gérard, Goncharov and Fontaine (1975b).
Data from Breton, Jalabert and Reinaud (1976).
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between fish and mammalian gonadotrophins was adopted by Pierce, Faith
and Donaldson (1976). They showed that by disrupting the tertiary
structure of salmon gonadotrophin fractions their immmological deter-
minants are sufficiently similar to the mammalian ~-subunits to
demonstrate cross-reactivity. By extrapolating data from the correlation
between immunological cross-reactivity and the differences in sequence

found in other globular proteins, they concluded that the mumber of amino-
acid replacements between the presumed «-subunit of the selmon and of

mammals is quite large., The sequence differences, as reflected in anti-
genic determinants, between p -subunits of the salmon and their mammalian
counterparts must be very great as negligible cross-reactivity was found
by immmnodiffusion, though use of more sensitive techniques might reveal
significant immunological relationships.

Matexials and Methods

1) Collection of pituitary glands

Pituitary glands were dissected from fresh, locally caught
mature adult dogfish, Sgyliorhimus canicula (as described in Chapter 1)
and separated into their various lobes. Three batches of tissue were
processed during the course of this study. Purification 1 was conducted
on a batch of 990 ventral lobes obtained from fish caught during Jamuary
and February, 19763 purification 2 used a batch of 1300 ventral lobes
obtained during April and May, 1976; and purification 3 used 380 ventral
lobes collected during November, 1976. These batches of fish contained
approximately equal numbers of both sexes. The purification of possible
rostral- and median lobe-gonadotrophins, and neurointermediate lobe=-
gonadotrophins, were both conducted on batches of 1060 lobes collected




between Jamuary and March, 19T76. After dissection the various pituitary
lobes were stored at -20°C.

A1l procedures were performed at L°C with the exception of the Sepha-
dex B-100 fractionations in purification 2 which were run at room tempera-
ture. The initial glycoprotein extract (GTH) from purifications 1 and 2
ves prepared according to the method of Stockell Hartree (1966), where
the more soluble glycoprotein hormones are separated from growth hormone
by a method developed initially for extraction of sheep pituitary gonado-
trophina, but which has since been modified for glycoprotein hormones

from other species. The frozen pieces of cartilage containing the ven-

tral lobes were cut into thin slices as described in Chapter 1 and i
homogenized in batches of 100 for approximately five minmutes in a mortar
and pestle with 20 ml 10% (w/v) ammonium acetate (pH S5.1) adjusted with
glacial acetic acidsethanol, 60140 (v/v). BHach batch was centrifuged

immediately after extraction and the supermatant decanted. The pieces
of cartilage were again extracted with a further 20 ml as above and the |
supernatants combined. Supermatants from each batch of 100 glands were
pooled and the glycoprotein precipitated by slowly adding 2.5 times the
volume of cold ethanol with stirring. This was continued for 30 mimutes
after addition of ethanol. The mixture was then left at L°C for 2 hours
to complete precipitation of glycoprotein hormones, after which it was
centrifuged for 30 minutes at 1500 g. The precipitate, containing
glycoprotein hormones, was washed twioce with cold ethanol, twice with

cold diethyl ether, centrifuged after each wash, and finally dried in a

vacuum desiccator. This method of precipitation and drying of the glyco-



proteins, by making the solution 85% with respect to ethanol, at pH 5.1,
was used for all fractions in the subsequent chromatographic steps.

Affinity chromatography on ConA-Sepharose (Pharmacia) was
carried out according to the method of Idler et al. (1975b). The GTN
extract was dissolved in 10 ml cold modified Buffer B {(0.05 M Tris-Cl,

pH 7.7; 0.5 M NeCl; 0.2 mM dithiothreitol; 1 mM MaCl,; 1 mM Ca.c12)

using a small glass homogenizer, centrifuged, and the precipitate again
extracted with 10 ml Buffer B. The supernatants were combined and
applied to a 1.25 x 15 cm column of ConA-Sepharose, previously equilibrated
with Buffer B, After entering the column, the sample was eluted with
Buffer B until the absorbance at 276 mm of the eluate approached baseline
valuss. The adsorbed glycoprotein fraction was then eluted with
Buffer B containing 0.15 M X-lMethyl-D-glucoside (Buffer C). Contents

of tubes containing measurable protein concentrations at 276 mm were

pooled to form the ConiA-2 fraction.

Whatmen CM-32 (carboxymethyl cellulose) was cleaned, recycled
and equilibrated by a modification of the manufacturer's instructions
(Stockell Hartree, 1975). This proocedure is simple and all operations
could be performed in a beaker. A weighed amount of the ion exchanger
was stirred into 15 wolumes of 0.5M NaOH in a beaker and left for between
30 mimutes and 2 hours. The supernatant was discarded and the resin re-
suspended in 0.,5M HCl, It was then left for 30 mimutes before decantation
and resuspension of the resin in 15 volumes of distilled water - a2llowing
the suspension to settle 1 minute for each 2 cm height of the suspension -
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before decanting to remove "fines”. This procedure was repeated twice
more. Finally, the resin was suspended in the starting buffer, 4 mM
ammonium acetate (4 ml of 1 M ammonium acetate, pH 5.5, diluted to 1

litre), and, after mixing, the pE of the mixture was adjusted to 5.5

vith glacial acetic acid, and this was followed by settling and de-

cantation, This was repeated several times before pouring the colummn,
giving a fairly rapid equilibration of the ion exchange resin. After
pouring the columm, equilibration was contimued until the pHE of the

effluent was the same as that of the starting buffer.

The Coni-2 fraction was dissolved in the starting buffer, as
described previously, and applied to the column. After collection of
the unadsorbed fraction (CM 1) and the absorption of the columm effluent
at 276 nm had returned to baseline levels, the adsorbed fraction (CM 2)
was eluted by passing 1 M ammonium acetate through the columm. Both
fractions were precipitated and dried as described previously.

d) Gel filtretion on Sephadex G-100
The ConA-2 fraction, originating from purification 2, was
dissolved in 5 ml 0.05 M Na phosphate, pH 7.5, and applied to a 2.5 x
100 cm column of Sephadex G-100, previously equilibrated with the same
buffer. The non-retarded protein peak was precipitated from solution
ito yield the G-100 fraction. All subsequent gel filtrations were con-
. aucted at L,°C and eluted with 0.05 M Na phosphate,/0.9% NaCl on the advice
of Stockell Hartree (persomel commmication) as lesser concentrations
sometimes leave gomadotrophins on the G-100, thus reducing the yield.
e void volume (Vo) of the C-100 colums, i.e. the point at which the
material emerges, was checked after each experimental run
the use of Blue Dextran 2000 (Pharmacia) at a concentration of 2 mg/ml,




3) ZErotein detemmination
Where it was not posaible to measure the protein concentration

of eluted fractions directly uaing a spectrophotometer, they were
estimated by a modification of the method of Lowry et al. (1951) that
allowed as little as 2.5 pg protein per 50 pl volume to be detected.
Bovine serum albumin (Sigms) was used as the standard at concentrations
of 50, 25, 12.5, 6.25, 3.125 and 1.56 pg/50 pl. Aliguots of the standard
or unknown (50 pl) were placed at the bottom of clean glass centrifuge
tubes (110 x 15 mm) followed by 50 pl 0.1 M NaOH and 1000 ul reagent C
(see below), mixed and held 10 minutes at room temperature. Reagemt D
(100 pl1, see below) was then added and the tubes mixed immediately and
held for 30 minmutes at room temperature. After this period 1 ml
distilled water was added and the optical density of the samples read
at 700 nm in 10 mm cuvettes in a Unicam SP 1800 Ultraviolet spectrophoto-
meter.
Reagentss

2% Na,C0; in 0.1 M NaOH.

5% cusoh.sazo in 1% sodium citrate.

Mix SO ml & with 1 ml B just prior to use.

Dilute 1 ml Folin Ciolcalteau with 1.3 ml 320.

Gonadotrophic activity was monitored in all fractions by the

use of the 32P chick bioassay as desoribed in Chapter 1.

2. 1 ti

This assay is based on the ability of isclated quail inter-




stitial celle to secrete testosterone in the presence of an Li-like
gonadotrophin, and was developed by Maung, Z.w. (1976) in this Department.
The preparation and incubation of the interstitial cell suspension is

sumariged in Figure 20; full details can be found in Mawng, Z.W. (1976).

3. Stimulation of testosterone secretion in quail in m

Dogfish gonadotrophin fractions from purification 1 and
NIH-1H=519 as standard were dissolved in 0.9% saline and injected sub-
cutaneously into sexually mature male quail in a volume of 0.2 ml. Blood
samples were ocollected serially from the wing veins just before injection
and 3 hours later plasma testosterone concentration was measured by

radioimmnoassay as described in Chapter 1.

b) Bioagsay technigue for thyrotrophin

1. 2Puptake by chick thyroids

Thyrotrophin was estimated by its stimmlation of the uptake of

32 by the thyroids of one day old chicks, following the protocol of

Scanes and Follett (1972). NIH=-TGli-58, injected over a range 1.0-4.0 pe
per chick, was employed as the standard. standards and unknowns,
dissolved in 0.2 ml 0.%% saline were injected into the nape of the neck,
followed 6 hours later by 0.75 pCi carrier-free --P-phosphate, also in

0.2 ml 0.9% saline. The birds were killed one hour later, the thyroids
dissected out, placed on preweighed filter paper disc and weighed. After
drying, the disos were counted in the same way as in the total gonado-
trophin assay. The data were expressed as cpm/mg snd the mean potency
and 95% confidence limits were calculated as before (Bliss, 1952).




Figupe 263

Sumary of the preparation and incubation of dispersed
quail interstitial cells (from Maung, Z.W., 1976).
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¢) Rad te ues (RTA
1. zat 8 es
Antisera were raised in New Zealand white rabbits by the method
of Ross et al. (1971), against three preparations of dogfish gonadotrophin
of varying degrees of purity, namely fractions GTN, ConA-2 and CM2 (from
purification 1).

A 102

om area of fur was shaved on both flanks of the rabbit.
Immunogens were digsolved in 0.9% saline and mixed with 2 volumes Freunds'
complete adjuvant (Difco) by repeated ejection from a hypodermic syringe
until a drop of emulaion was contained completely when placed on water.
Each rabbit was then injected intradermally with 2 ml emulsion at 30-50
sites on the back. Two rabbits (776 and 777) received 200 pg GIN, a
further two (778 and 779) received 200 pg Coni-2 and one other (787)
received 200 pg CM2. Rabbits were bled on day 30, boosted on day LO as
for the primary immunizetion with 10-20% of the quantity of antigen used
initially, and bled thereafter at 10-day intervals, i.e. days 50, 60, 70
etc. after the primary immunization. Blood was allowed to clot for 1
hour at room temperature, the clot separated from the glass and allowed

to retract at u°c overnight. The clots were removed before centrifugation
and separation of the serum. The antigonadotrophic properties of some of
the antisera were tested by their ability to block the increase in J2P-

uptake into chick testes caused by fresh dogfish ventral lobe extracts.

2, g 1251, 5

Dogfish gonadotrophins Coni-2 (from both purifications 2 and 3)
and (M2, and NIAMDD-rat-FSH-I-1 were iodinated aocording to the method
of Greenwood, Hunter and Glover (1963) with k12‘51 (s 30, Radiochemiocal

Centre, Amersham). In all cases,2.5 pg hormone were reacted with 0.5 mCi



¥a'?5I and 10 pl Chloremine T (50 mg in 10 ml 0.05 M Na phosphate), the

reaction being buffered with 25 ul 0.5 M Ha phosphate. The reaction

was stopped after 30 seconds by adding 100 pl Na metabisulphite (25 mg
in10!10.051~iﬁaphoayhstt)and200)ﬂﬂ/bovim serum albumin (50 mg

of each in 5 ml 0.05 M Na phosphate). Labelled hormone was isolated

from the reaction mixture by gel filtration on a 1 x 15 ca columm of
Sephadex G=25 fins, previously washed with LO mg bovine serum albumin, 1 ml
of the active protein peak was then chromatographed on an 0.6 x 30 cm
column of Sephadex G-100 to improve the immmmological activity of the label.

The method adopted was = typical post-precipitation double
antibody technique (see reviews by }idgley, Niswender and Rebar, 1969;
Kirkham and Hunter, 1971). In an assay 50 pl diluent (phosphate-buffered
saline containing 0.1% scdium agzide, 0.01 M-EDTA and 0.5% lyophilised egg
albumin), standard, pituitary extract or plasma were inoubated for 2l hours
at 4°C with 50 pl of the antiserum (diluted with diluent containing 11200
normel rabbit serum to a final concentration such that 30-50% of the label
ves bound to the antibody in the absence of unlabelled hormone).
Labelled dogfish gonadotrophin was then added (5000 cpm/tube in 50 pl
diluent) followed 2 hours later by 50 pl 1316 anti-rabbit gemme-globulin
(Welloome). The tubes were centrifuged 2, hours later st 1500 g for 30
rimites, the supernatants aspirated and the tubes, containing the preci-

pitates, counted in an automatic gamma-spectrometer.

Before the work of Idler et al. (1975b) initial extrection of




non-mammalian glycoprotein hormones from either frozen or acetone-dried
pituitary glands was usually carried out either by some form of ethanoic
extraction (Bates et al., 1959; Stockell Hartree, 1966) or an alkaline
extraction followed by ammonium sulphate precipitation (Licht and Papkoff,
1974a,b). Both of these techniques were employed early in the purifi-
cation studies of dogfish gonadotrophin in case one proved more success-
ful than the other.

One hmdred ventral lobes were extracted in a mortar and pestle
in 4O ml 0.9% saline. Six ml of this extract was retained and the
remainder divided into two equal fractions. To one fraction 10 ml 30%
(w/v) ammonium acetate was added, giving a final solution of 30 ml 10%
(w/v) ammonium acetate, the pE was adjusted to 5.1 with glacial acetic
acid and 20 ml 93 ethanol added. To the other fraction a saturated
solution of Ca({lﬁ)2 was added until the pH reached 3.5. This alkaline
extract was spun and the supernatant, together with that from the Stockell
Hartree extraction procedure, lyophilized. This dried the alkaline
extract, but not the ethancic solution, so the latter was completed by
rotary eveporation. Both dry powders were then redissolved in appropriate
volumes of 0.9% saline and bicassayed, together with the initial saline
extract. The rapkoff method extracted LTnr of the gonadotrophic activity
originally present in the fraction before addition of Ca(OH)z. Thus,
using this initial extraction procedure, plus lyophilization, more than
50% of the biological activity was lost. Unfortunately, the Stockell
Hartree extract killed the chicks shortly after injection, so it was ime-
posaible to compare the two procedures. However, it was decided to con~
tinue with the Stockell Hartree extraction technique for a while, carrying

it one stage further to the precipitetion of the glyooprotein fraction by




f addition of 2.5 times the volume of cold ethanol. ';
After two further trials, a shortened techmique waa perfected

which allowed all of the biological activity imitially present in the
ventral lobes to be extracted and recovered in the GIN fraction. This
technique omitted the stirring of the glands with 10 ammonium acetate:
ethanol, 50:40 for 2l hours as described for human pituitary glands
(Stockell Hartree, 1950), because homogenization in a mortar and pestle
extracted all the glycoprotein into solution within a few minutes.
This solution wes centrifuged at 4000 rpm (MSE Mistral 2L centrifuge) at

L°C for 10 minutes and the supernatant, containing the glycoprotein,

decanted. Three volumes of cold ethanol were immediately added to
precipitate the glycoprotein (GTN) fraction.

Because a mmber of authors have commented on the apparsat

loss of biological activity following lyophilization (e.g. Idler et al.,
1975 b), it was decided to investigate this using dogfish gonadotrophin.
Twenty ventral lobes were extracted Ly homogenization in 8 ml 0.9% saline.
One half of the extract was stored at -20°C while the other was lyo-

philized and then redissolved in ; ml 0.9% saline. Both fractions were

assayed immediately afterwards. ‘The lyophilized material ocontained Ll
of the biological activity of the freahly frozen saline extract. 4 pool
of twenty acetone-dried ventral lobes were also compared to & comparable
pool of frozen lobes. After homogenization and recovery of a GIN
extract for each group by ethanolic precipitation, there was no signifi-
cant difference in the amount of biological activity recovered between
the two groups.

At this time the work of Idler gt gl. (1975 a,b,c) was published
¢n the purificetion of salmon gonadotrophin using affinity chromatography

on ConA-Sepharose. After a mmber of increasingly successful minor




2
attempts at purification on Cons-sepharose, and a modification of
Idler's Buffer B as described in the iMethods and Materials Jection,
805 of the initial biological activity of the ventral lobes could be
recovered by an ethanolic extractiom followed by chromatography on
Coni-Sepharose. As it is impossible to weigh a ventral lobe because
of the surrounding cartilage from which it is not easily separable, it
was not possible to determine the increase in potency following the two
eteps, although the increase must have been about 20 fold between the

GTK and Coni-2 fractions. Very little gonadotrophic activity was lost.

2) Purification 1
The shortened Stockell Hartree glycoprotein extraction pro-

cedure yielded 366 mg GTW from the 990 ventral lobes, with a biological

activity of 0.033 x NIH-IH-519 in the chick assay. Using a small glass
homogenizer to dissolve the GTN fraction prior to affinity chromatosgraphy
on ConA-Sepharose, it was found that approximately LO¥% of this fraction
wvas insoluble in the modified Buffer B. However, this insoluble fraction
had no biological activity vhen assayed in chicks, Following chromato~
graphy of 340 mg GT™™ on 2 1.2 x 5 cm colwmn of Coni-Sepharose (see
Figure 27), frection ConA-1 had a biological activity of 0.0Lk x NIH-1H-S19
and fraction Coni-2 an activity of 0.280 x NIH.IH=519. Although achieving
a 9=fold increase in potency of ConA-2 over the GIN fractiom, only 35x% of
the gonadotrophic activity applied to the column was recovered in the
former fraction. A further L6% of the gonadotrophic activity was present
in ConA-1, giving a total recovery of 81% of the gonadotrophioc activity.

As the ConA-1 fraction still contained a lot of biological
activity (s 5 mg NIH-IH-519), it was rechromatographed on a larger

(1.2 x 15 om) Comi=-Sepharose column to see if this would separate the




Fidure 27:

A

Bs

Elution profile of a glycoprotein extract of 990
ventral lobes from 2 1.2 x 5 cm volumn of Coni-
Sephiaxose. Fractions of 3 ml were collected at
a flow rate of 10 ml/hr. GSeleoted fractions

wexre pooled as indicated.

Elution profile of the rerun of Coni-1 from above
down & larger, 1.2 x 15 cm, column of Cond=-
Sepharose to extract the remaining gonadotzopbin.
Fractions of 3 ml were collected at a {low rate
of 6 ml/hr. Selected f{ractions were pooled as
indicated.
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3
glycoproteins, It seemed more likely that the original column had been
overloaded rather than the dogfish gonadotrophin was not a glycoprotein,
and therefore would not bind to ConA-Sepharose, especlally as previous
experience indicated that a2ll the biologically-active gonadotrophin in
the chick amsay would bind to the gel. ‘“hen 100 mg ConA-1 was
chromatographed again it yielded /0.6 mg of a further ConA-1 fraction
and €.85 mg Coni-2, having gonadotrophic activities of 0.017 and 0.235 x
NIE~IH-319 respectively in the chick assay (see Figure 27). The yield
in activity was not as good from the second colwmn as from the first,
being 53% of that applied, although a much larger part of it, TO¥, was
in the ConA-2 fraction. Pooling of the two ConA=2 fractions at this
estage gave 19 mg of a material with a potency of 0.275 x NIH-1E-S519.

Estimates of the potencies of the GTN and ConA-1 and 2 fractiona
from the first ConA-Sepharose columm by the in vive stimmlation of testo-
eterone secretion in quail were slightly lower than the values obtained
from studies using the chick assay, although the relative potencies of
the three fractions appeared to be the same in both assays. Potency
estimates of the GTN and ConA-1 fractions could not be obtained because
the dose of hormone employed did not increase plasma testosterone con-
centrations as much as the lowest dose of standard IH employed. The
potencies of the GTH and ConA-1 fractions could only be calculated as
<0,022 and <0.040 x NIH-1H-S19 respectively (see Table 7).

Thyrotrophic potency estimeates of some of the fractions ob-
tained thus far gave values of 0.0032 (mean of two determinations) for
GIN, 0.0042 for ConA-1 from the second ConiA-Sepharose colwmm, and 0.011%
for pooled Coni-2, all expressed relative to NIH-TSH-S8. Thus, although
there had been a 9-fold increase in potency of the ConiA-2 fraction over



&
Table s Effect of dogfish gonadotrophin fractions from purification 1
on plasma testosterone concentrations of mature male quail

Treatment

Testosterone concentration

Ho. Pre-bleed 3 h post-injection
Individual | Mean £ SEM | Individuel | Mean 2 ST
1 4. 17 1.0
2 | NIH-LB-S19 5.63 . 844 .
3‘ m 202 6:26 - 0.$ 13.% 10.1‘6 - 1-15
k p&fhizd [] L]
5 7.03 8.58 | p <0.01(®)
o 10.00 15.67
7 9.84L 15.60
8 | NIE-LB-819 k.36 5 i 16,57
9 3.23 3.91 2 1,27 1;.67 13.23 = 1.0
10 | 20 pg/bird 3. ! 45.02
1 1.93 7.11 P < 0.001
12 1.04 12.39
13 6.92 16.06
1} | NIB=-LH-S19 7.60 8.23 .
Bl o 5.65 2 1.38 . g.gﬁ | 9.75 2 1.34
16 PSIM . .
17 3.2 10.04 H.S.
18 1.54 3.47
19 L4.67 Le3k
20 | omw 1.85 i LTT 2
21 6.07 5.93 - 1.% T.Oll- 8.31 - 2.32
22 | 152 pg/vird 2.77 10.1h
23 12.38 18.98 N.S.
2l 1.4 4.5%
25 3.80 5.69
26 | ConA=1 1.73 . 6449 "
gg 253 3.2 2.25 -_~ 0.33 Ztﬁ? 7.1’4 - 0-78
}l&/bird ° i)
29 2.29 9.36 P < 0.01
30 1.75 8.90
3 1.70 T.94
32 Cond=2 1.69 . 9.25 .
33 2.90 2.83 - 0-55 15.08 12.61‘ L 1-‘38
3 | 68.5 pg/bird 2.05 19.23
35 3.43 11.26 P <0.01
36 5.19 13.09

(a) Students "t" test against pre-bleed concentrations.




the GTM with respect to gonadotrophin, the ratio was only li-fold with
respect to thyrotrophin, a higher percentage of TCH failing to bind to
ConA-Sepharose. However, the overall recovexry of gonadotrophin was
higher than for thyrotrophin.

As Idler et al. (1975b) had demonstrated that the adsorbed
ConA-2 fraction, when chromatograephed on Tephadex G=75 superfine, ylelded
two protein peaks with the bulk of the salmon gonadotrophic activity in
the ascending part of the second peak, the next logical step was to gel
filter the dogfish Conl-2 fraction to remove any high molecular weight
contaminants. An initial trial with 300 pg pooled ConA-2 on G=100
yielded a single protein peak at the void volume (Vo) of the columm.
Only one of the fyactions at the Vo was assayed for gonadotrophic activity,
and this showed a small but significont gonedotrophic titre, corresponding
to approximately il of the activity applied. A bilological scan of

fractions 13 to 23 showed a small peak of activity in fractions 1F5 to 17,

which contained approximately 20}: of the activity applied (see Figure 28).

tither there had been a considerable loss of activity on the columm or
else, as became a distinct possibility after further work, much of the
biological activity was not retarded on =100 and probebly emerged in
fractions 10-12 which had not been assayed for their gonadotrophic
activity. Confirmation that the column itself was capable of retarding
gonadotrophing was demonstrated using lightly iodinated rat FSH, which
emerged many fractions removed from the Vo, and showed a peak in fractions
15 and 1C. As showa in Figure 28, pooled ConA-2 iodinated under the same
conditions emerged at the Vo of the column, with only a very minor peak
occurring in the same position of rat FSH. A reassay of pooled Con'-2

in the chick assay at this time showed that its potency had not sigifi-
cantly altered.
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Figupe 20:
Radicactivity elution profiles of gently ilodinated

°)

pooled Comni-2 (e o) and NIAMDD rat FSE (o
from a 0.6 x 35 em columm of Sephadex G=100. The
figure also indiecates the biolegiecal elution prefile
of 300 pg of pocled Coni-2 (®---m), measured by
the 32puchick assay. In all cases the sample was
applied in 1 ml and the column eluted with 0.05 M
Ka phosphate/0.9 NaCl at a flow rate of 12 ml/hx,
collecting 1 ml fractions. The woid volume of the
colum (Vo) was determined using blue dextran before
and after the three experimental runs and had oot
changed significently.

* P <0.05, Studemts "t" test.
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ittention was now focussed on whether there were one or two
gonadotrophing in the Coni=2 fraction. Ls CM=cellulorse haa been widely
used to separate FSE from I1¥ and TCH in mammalian species (Stockell
Hartree, 1975), and succeasfully used alsc for avian gonadotrophins

Scanes and Follett, 1972), this ion exchange resin was chosen.

Chromatography of (C0 pg Coni-2 yielded two protein peaks, as determined
by measuring protein in 50 pl aliquote of each fraction eluted (the
second buffer, 1 M ammonium acetate (pH 5.5) interfered with the protein
determinations in the later fractions). The first fraction, the protein
peak not adsorbed on to the resin, contained 2T of the gomadotrophic
activity applied to the column, and the second fraction eluted with 1 i
ammonium acetate, 29 (see Figure 29). As these results were intriguing
and the recovery from the columm re:sonably good for an lon-exchange
resin, 11.8 mg Coni-2 was fraoctionated on a 1.2 x 5 ca colum of C4=32
under the same conditions. As shown in Figure 29, this yielded #. % mg
€M1, with a potency of 0.081 x NIH-IE-519, and 700 pg CM2, with a potency
of 1.041 x NIH-1H=S19, as measured by the chick assay. The total
biological activities of CM1 and CM2 represent 17 and 23 : respectively
of thet applied. The ratios of total gonadotrophic activity CM1:C12
were 0.95 and 0.74 in the two runs. The potencies of the various
partially purified gonadotrophic fractions in the chick assay are shown
graphically in Figure 30. In the in vitro quail interstitial cell assay,
CM1 had a potency of 0.055 x NIH-LH=-319, while CiM2 was equipotent with
the standerd. Both unknowns and standard were tested in duplicate at
four different dose levels, the results being shown graphically in
Figure 31. Table § summarises the gonadotrophic and thyrotrophic potencies

of the various fractione obtained during purification 1.



| Figure 20t

| At

B3

Elution profile of 560 pg of pooled ComA-2 on
carboxymethyl cellulose (CM 32) pre-equilibrated
vith the starting buffer (L mM ammonium acetates,

pH 5.5), The protein concemtration of each fraction
(o ——o) wae measured by the method of lowry et al.
(1951) and the biological activity (o— - —o) using
the 3p.chick assay. Protein concentrations of
fraotions 29 onwards could not be measured because
the 1 M HH‘.J acetate buffer interiexrred with the
determinations.

e P < 0,001, Students "t" test.

Elution profile of 11.8 mg of pooled Coni-2 on a
1.2 x § ca colum of CM 32 pre-quilibrated with the
starting buffer (L mM ammonium acetate, pH 5.5).
Fractions of 2.5 ml were collected at a flow rate
of 20 ml/hr. Selected fractions were pooled as
indicated.
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Figure 30t

Dose-respaase curves in chick J2P-gonadotrophin assay for
various dogfish gonadotrophic fractions from purification 1.
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Figure 31:

Effects of partially purified dogfish gonadotrephins
(fractions (M1 and CMZ2) and ovine IH (NIE-1H-S519) en
testosteronse release from queil interstitial cella.
The mesn results of duplicate tubes are showm.
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Tsble 8: Weight ylelds and gonadotrophic and thyrotrophic potencies of dogfish ventral lobe fractions from
the firet purification

Fraotion j‘ﬁ" Gonadotrophin (a) A (b) Thyrotrophin (o) A (b)
Clyeoprotein precipitate (GTW) | 365.9 32.6 521.2-19.33 0.213 3.79 {3.37-&.27 0.118
fm 9% mt!ll lobll 8.7 22'1-!@0-0 0.215 2-59 1.91-3.52 0-2}41
ConA-Sepharose chromatography

Cond=1 115.0 L47.0 iao.s-ue.og 0.252
1,0.0 (5.36=103.9 0.364 |
ConA-2 13.63 288.1 (186.3-433.6) 0.213 |
(215.1 using quail in vive assay) |
" 10.56 | 16,9 (0.7-29.3) 0,322 L.18 (3.13-5.58) 0,211
6.85 | 23L.5 (143.6-21,8.2) 0.231
Pooled ComA~2 18.96 |  275.4 (211.8-358.1) 0.218 11.87 (9.07=-14.75) 0.2441
Ci-Cellulose chromstography
cM1 6.6 | 80.5 (47.1=94.7) 0.233
(54.5 in quail interstitial cell assay)
cM2 0.70 1041 (967.5-1194) J 0.147
(1000 in quail interstitial cell assay)

(a) Gonadotrophie activity expressed in pe equivalents NIH-LB-S19 per ng, ith 95% eonfidence limits shown in brackets.
(b) A = Index of precision (s/b).
(¢) Thyrotrophic activity expressed in pg equivalents HIE-TEE-58 per mg, vith 95% confidence limits shown in breckets.
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3) Purification 2

Initially, this followed the metbods employed in the first
purification, with a shortened ethanolic extraction followed by pre-
cipitation of the GIN extract with ethanol, and subsequent chromato-
graphy on ConA-Jepharose, The 1300 ventral lobes yielded 540 mg GTN
with a potency of 0.020 x NIl-IH=519 in the chick agsay. Affinity
chromatography of 500 mg of this material om a 1.2 x 15 ca colum of
Coni.-Sepharose ylelded 72 mg Coni-1 with a gonadotrophic activity of
0.011 x NIE-1H-519, and 25.1 mg Coni~2 with a gonadotrophic activity
of 0.485 x NIH-IE-S19, a 25-fold increase in potency over the GTN

extract. Although the GTN extract is only slightly greater than half

as potent as the corresponding fraction from the previous purification,
possibly because the glands were collected later in the year, when
ventral lobe gonadotrophin content is falling, (see Figure 9 of Chapter 1)
the Coni=1 and Coni=-2 fractions contain 7.7 and 115k respectively of the
activity applied to the Coni-Sepharose column. This yield of approxi-
mately 12000 is well within the limits of the potency estimates of the
verious fractions, but does indicate that very little if any activity

was lost during ConA-Sepharose chromatography.

It was not possible to calculate similar figures for the thyro-
trophin (7SH) content after Comi-Sepharcse chrometography because the TSH
ocontent of the GTH extract was not determined. However, the potenciles
of Coni-1 and ConA-2 were 0.0041 and 0.026 x NIH-TSH-S8, respectively.
Thus the gonadotrophic ratio of CM2:CM1 was L3:1, while the TSH ratio was
only -.331, again suggesting a preferential purification of gonadotrophin

over thyrotrophin. The data are summarised in Table 9.

Chromatography on ConA-Sepharose was followed three and a half



Weight yields and gonadotrophic and thyrotrophic potencies of dogfish ventral lobe freotions from
the second purification

Table 9

Fraction :ﬂ%ﬁ Gonedotrophin (a) A (b) Thyrotrophin (o)  (b)
Glyooprotein precipitate (GTH) | 540.8 19.6 (8.5=28.8) 0.222
from 1300 vemntral lobes

Conde=1 : o T2.3 11.2 (0.0002-22.31) | 0.306 Let (3.6=h.6) 0.102

ConA=2 m 25.1 485.0 (3L0.8-799.6) __ 0.205 25.6 (22.5-29.6) |  0.102
! ! |

G-100 frection 1 12,85 99.6 (3h4.1=152.0) 0.222
_ |

(2) Gonadotrophic activity expressed in pg equivalents NIH-LH-519 per mg, with 95% confidemce limits shown in bracketa.

(v) N = Index of precision (s/b).
(e¢) Thyrotrophic activity expressed in pg equivalents NIH-TSH-S58 per mg, with 95% confidence limits shown in brackets.
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months later by gel filtration of 19.7 mg ConiA~2 on & 2.5 x 100 o= column
of Sephadex G=100, as ghown in Figure 32. This yielded only a single

protein-peek, emerging at the Vo of the column, which when precipitated 1
veighed 12.8 mg and had & gomadotrophic activity of 0.100 x NIN-1E-519.

There appeared to have been nearly a 5-fold drop in potemey, with almost

90% of the gomadotrophic activity not being recovered from the column.
Subsequent pooling and bioassay of the fractions eluted after the Vo 1
failed to reveal any gonadotrophic activity other than that already

detected, and not retarded on the G-100 colusmmn. Even though the columm

ves eluted at room temperature with 0.05 K Na phosphate (not the best
choice in retrospect!), this seemed a rather large loss of biological
activity., Elution off the same column, under the same conditions, with

both freshly iodinated-rat F2H and with ovalbumin (Koch-Light Laborstories

Ltd., 5 x ocrystallised) confirmed that the rat gomadotrophin as showm in
Figure 32, was retarded on the column and that ovalbumin was eluted Jjust
prior to the rat FEH. Interestingly, lodinated rat FSH that had been
stored at 4°C for LO days gave & major radicsctive pesk at the Vo of the
G100 column, with & minor one later at the position where all of the
fresh material had been eluted.

A reassay of Cond-2 three weeks after the major gel filtration
run gave a potency of 0.129 x NIH-1H-S19, as opposed to O.485 x NIH-1H-S19
when first assayed. If the ConA-2 fraction had lost potemcy prior to
the main G-100 run, then the recovery of gonadotrophic activity may have
been much greater than the 13% first caloulated. Reassay of the major
gonadotrophic fractions from both purifications 1 and 2 showed that
. meerly all the fractions had lost potency on storage as dry powders at
-20°C (see Table 10). The most potent frections reassayed, Coni-2 from



Tiguve 323

Elution profile of 19.7 mg of ConA-2 (2nd purification)
on & 2.5 x 110 cm columm of Sephadex G-100. For com=
parison, the radicectivity profile of freshly iodinated
NIAMDD rat FEH is included. In both cases the colummn
was eluted with 0.05 M Na phosphate at a flow rate of
30 ml/hr and L4 ml fractions were collected. The void
volusme (Vo) was determined after both runs by the use
of blus dextran. 4ll the biological activity re-
covered after eluting the Coni-2 was in the none

retarded protein peak emerging at the Vo.
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Table 10: ch.ng-mpotm“)umtmormwmmtmmnmmmummm
321"-0.!1.1.& agsay
Date

1/5/16 13/5/76 21/5/76 26/8/76 10/9/76 16/9/76 30/9/76
Pooled Cond-2 275.4 79.5
(18t purification) (211.8-358.1) (38.6-166.2)
ConA=2 185.0 128.7 165.6
(2nd purification) (340.8-799.6) (107+6=154.0) | (LkeL~208.T)
m1 ; &J.S &'h

(47 1=94.7) (50.L=172.6)

cM2 1041
G=100 96.6 92.4 65.0 59.4
(2nd purification) (34.1-152.0) | (59.7=139.4) | (46.1=92.9) |(21.5-97.5)

(a)

Totel gonadotrophic activity per fraciion expressed in pg equivalents NIH-LH-519 per mg.
M is 0,199 (= 0.010), n = 12.




Figure 33

As

Bs

Biological activity profile of a saline extract of
25 veniral lobes on a 1.2 x 60 cm column of Sephadex
G-100. All fractions were asseyed using the --P-
chick biocassay.

Radicactivity profiles of freshly iodinated CM2

(o
column of G=100, In all cases the column was eluted

e) and NIAMDD rat PSH (o- - —e) on the same

with 0.05 M Ha phosphate/0.9% HaCl at a flow rate of
25 ml/hr and 4.2 ml fractions were collected. 4ll

samples were applied in a wvolume of 2.5 ml.
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Figuye 3

Protein concentretion profiles of a saline extract
of either 18 dogfish venmtral lobes (e—— ) or
ly chicken pituitaries (¢ —--¢) ona 1.2 x 60 oem

column of Sephadex G=100.

Biclogical activity profiles of the fractions
collected from the two experiments above, assayed
in the ZP-chick bicassay. In both ceses the
column was eluted with 0.05 M Ha phosphate/0.9%
NaCl at a flow rate of 22 ml/hr, collecting

2.2 ml frectiona.
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was grossly overloaded with activity, both dogfish and chicken gonado=-
trophins were retarded to the same extent on the column. Also, in both
cases, a high percentage of the gonadotrophic activity applied to the
column was recovered. Use of a larger (2.5 x 100 cm) columm of G=100,
with a much slower flow rate, retarded the gonadotrophin of fresh ventral
lobes to the extent that twenty L ml fractions separated the void volume
from the peak of gonadotrophic activity. Under the same conditions
iodinated salmon gonadotrophin (SG-DEAE-3, a gift from Dr. E.M. Donaldson)
was eluted at the same position as the gonadotrophic activity of the
ventral lobes.

L) |[Purification 3
Ten ml of a saline extract of 380 ventral lobes was filtered

on Sephadex G=100, producing the elution profile shown in Figure 35.
Fractions were pooled as indicated and the proteins precipitated with
ethanol, Fractione 2, 3 and 4 yielded 2,0, 497 and 503 mg respectively,
with gonadotrophic activities of 0.0012, 0.0040 and 0.00085 x NIH-IH=-519.
These three fractions contained 96% of the activity applied to the column.
Fraction 3, which contained 71% of the activity, was applied to a 1.2 x 15
cm column of ConA-Sepharose and ylelded 139 mg ConA-1 and 3.0 mg ConiA=2,
with potencies of 0.002 and 0.376 x NIH-IH-S19 respectively. 73% of the
gonadotrophic activity was recovered off the ConiA-Sepharose colum, of
which ST% was in ConA=2, TPotencies of the wvarious fractions are
sumnarised in Table 11, while Table 12 shows the percentage yields of all

three major purifications at various stages.

5) ifics

A single batch of 1060 lobes of either rostral plus median,
or neurointermediate, yilelded 94.L and 416 mg GTR extract respectively.



Figupre 30:

Elution profile of a saline extract of 380 ventral
lobes on & 2.5 x 110 em column of Sephadex G=100,
The column was eluted with 0.05 M Ha phosphate/
0.9% NaCl at a flov rate of 10 ml/hr, and fractiona

of 4.3 ml were collected, The respective fractions

were pooled as indicated and assayed in the 32P--

chick bicassay, the results being expressed as ug
equivalents per ag HIH=-IH=-519,

I.D- = ht M' < 0.20 Mut
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Table 11: Veight yislds and gonadotrophic potencies of dogfish ventrsl lobe fraotions from the third
purification

Preotion veight (mg) Ganadotrophin (a) A (b)

Saline extrect from 380 ventral lobes - 3405.78 (2562-3859) 0.190
(o) (Telal aclily preaend )

Fraction 2 239.5 1.42 (1.01=1.78) 0.096

1.01 (0.T1=1.44) 0.326

Fraction 3 496.6 b0l (3.26-5.12) 0.106

Fraction L 602.7 0.85 (0.70-1.29) 0.326

Coni~1 139.3 2.25 (1.52=3.99) 0.190

ConA-2 3.0 376.2 (191.6=512.8) 0.245

(2) Gomadotrophic activity expreesed in ug equivalents NIE-1E-519 per mg, with 95% confidence limits shown

in brackets.
(b) A - Index of precision (a/v).

(c) Total gonadotrophic activity in the 10 ml of extract.




Table 12: Gomadotrophin yields during all three purifications

_
Purification 1 Purification 2 Purification 3
Total Total . Total , |
activity(®) % reoovery activity i il aotivity | 7' Tecovexy
(®) (o) ) | (o) () (c)
Saline extract 2918 100
ouqoousonﬂb vu-&.une:e AQEV 11396 100 10600 100 !
- T | | 210 | 10,0 10.0
Fraction 3 _ 2006 68.8 €8.8
| | | 512.3 | 17.6 17.6
| | |
m&.mmmw 6.01 6.5 809.8 7.6 | 8.3 313.4 9.2 15.9
5221.6 145.8 51.9 12174 114.8 12}4.2 1128.6 33.1 57.4
531.3 LT 16.8
728.7 6aly 23.1
e IR AR LA POﬂ” A. WAL L S L Jg JN.Q AW!—#

(a) Total gonadotrophioc sctivity per frection expressed in pg equivalents NIH-IH-519 per mg.
(b) Percentage recovery of gonadotrophic activity relative to initial extract, the latter being by definition 100.
(e) Percentage recovery of gonadotrophic activity relative to the amount of activity applied to the individual columns.

(d) PFigures represent recovexry from the second ConA-Sepharcse columm of purification 1.
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In both cases this material was chromatographed on a 1.2 x 15 cm ConA-
Sepharose column. The vast majority of the material was not adsorbed
to the column. The rostral plus median lobes yielded 35.5 mg ConA-1

and 7.6 mg ConA=2, while the neurointermediate lobes ylelded 162 and 4.5
mg respectively. hen assayed in chicks neither the glycoprotein
frection from the rostral plus median lobes (R + ML/ConA-2), at a dose
of 105 pg/chick, nor from neurointermediate lobes (NIL/Coni-2), at a
dose of L6 pg/chick. elicited a response, giving potencies of <0.007 x
NIH-IH-519 for R + ML/Coni-2 and <0.016 for NIL/Coni-2). VWhen tested
in the ip vitro queil interstitial cell assay, both fractions elicited
a response, as shown in Figure 36, giving potencies of 0.028 x NIH-IH-S19
for NIL/ConA-2 and 0.002 x NIH-IH-519 for R + ML/ConA-2. The total
gonadotrophic activity yields, according to this assay, were therefore
17 and 125 pg equivalents NIH-IH-S519 for the GTN extract from rostral

plus median and neurointermediate lobes respectively. Both groups of
lobes comprised a large percentage of the pituitary pool from 1300 fish
used in purification 2, where a similar GIN extract of the ventral lobes
contained a total of 11400 pe equivalents NIH-I1H-S19 as determined in

the chick assay. Considering the yield from the ventral lobes to be

100%, then that from the rostral plus median lobes was 0.18%, and from

the neurcintermediate lobes 1.l%. Expressed in a different way a single
average ventral lobe in purification 2 contained 8.7 pg activity, while

a rostral plus median lobe contained 0.013 pg and a neurcintermediate

lobe 0.10 p& gonadoirophic activity. However, as the figures for the
ventral lobe purification were determined using the chick assay, while
those for the other two lobes were determined using the quail interstitial
cell assay, they may not be comparable, although both fractions CM1 and CM2
gave similar potency estimates in the two assays.




Effects of the Coni-2 fraction from both rostral and
median lobes (B + ML) and meurcintermediate lobes

T T ——

(NIL) on testosterone release from quail interstitial

cells, The mean resulis of duplicate tubes are shown.
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A few antisera were tested for their ability to block the
increased 2P incorporstion into day-old chick testes which follows
administration of gonadotrophins. The same regime was used as in
the bioassay except that the antiserum (20-50 pl diluted to 200 pl in
saline) was injected subcutanecusly 30 minutes prior to the hormone.

A dose of 20 pl anti-Coni-2 (purification 1) did not affect
testicular 3°P-phosphate uptake in saline-injected control chicks, or
in those given ovine luteinizing hormone (6.0 and 3.0 pg/chick), or
the dogfish gonadotrophin fraction pooled Coni-2 (a dose equivalent to
3.0 pg ¥IB-1B-S19). Similarly, a dose of 50 pl anti-CM2 had no effect
on testioular J°P-uptake in chicks given ovine luteinizing hormone.
However, there was a significant (P <0.05) reduction in the response
to ventral lobe extracts (Table 13); 50 pl anti-CM2 neutralizing
approximately 2 ug equivalents ventral lobe extract.

Iodination of CM2, followed by chromatography on a small G-25
column to separate free iodide, and subsequent filtration of the protein
peak on a 2.5 x 100 cm column of G=100 yielded three distinot peaks,
although the relative size of the first two peaks varied considerably
over seven ilodinations. The first peak, emerging at the Vo of the
column, bound strongly to both anti-ConA-2 and anti-CM2, giving a maximum
Bound/Free (B/F) ratio of approximately 7 in the presence of excess
antiserum., The second peak, retarded on the column, although not to
the same extent as ilodinated rat FSH, was only tested for its binding
capacity to anti-ConA-2, where a maximum B/P ratio of 0.25 was obtained.
The third peak, very strongly retarded on G-100, did not bind to the
antiserum at any dilution of the latter. Subscquent cellulose acetate

.\\

|
|
|



Table 13: The effect of antisera in vivo on gonadotrophic activity
Treatment/chick Response + SEM (opm/mg)
6.0 pg NIE~L8~519 109.7 < 7.0
3.0 pg NIB-LH-819 90.5 % 2.0
1.5 pg NIE-IB-519 72.3 2 7.4
0.3 Ventral lobe 95.6 = 7.2 g .8,
0.3 Ventrsl lobe + 50 pl N.R.S. 94,7 2 3.8 ;P<0.05
0.3 Ventral lobe + 50 pl anti-CM2 T7.7 2 5.3
0.15 Ventral lobe T7.5 < 3.6
0.15 Ventral lobe + 50 pl anti-CM2 59.1 2 4.7 g F o0t
Saline WS = 3.4
6.0 pg BIH-LH-S19 771.5 2 4.2
3.0 pg NIB-LE~819 724 & 2.2
1.5 pg EIE-IE-519 59.0 I 4.7
0.27 Ventral lobe 88.9 2 2.5
0.27 Ventrel lobe + 50 Rl K,R.S. 87.5 £ 3.3 g ety 1 P <0.08
0.27 Ventral lobe + 50 pl amtie-CM2 TSk = 6.5
0.13 Ventral lobe 76.6 I L.} % 2.5,
0.13 Ventral lobe + 50 pl N.R.S. 73.0 2 3.9 % P <0.05
0.13 Ventral lobe + 50 pl anti-CM2 58.1 X 3.5
3.0 pg FIE-1E-519 + 50 pl N.R.S. 65.0 = 3.7 i ab
3.0 pg NIB-1H-519 + 50 pl anti-CM2 7he6 2 2.9
Saline 40.8 £ 2.6

The first group of figures refers to anti-(M2, 2nd bleed and the
second group to anti-CM2, 3rd bleed.
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electrophoresis of the peak showed that it migrated at the same rate
as free iodide. The first peak remsined at the origin and the second
migrated a short distance. Iodinated pooled Coni-2 gave a single peak
emerging at the Vo when chrometographed on a smaller (0.6 x 35 om)
colum of G-100, whereas rat FSF was again retarded (Figure 28).

Choosing a dilution of anti-ConA-2 that gave a B/F ratio near
to 1, the ability of various dogfish gonadotrophin fractions to inhibit
the binding of labelled CM2, (peak 1 from G-100) was tested. Figure 37
showe that pooled Coni-2 proved the most immmoreactive in the assay,
producing the most sensitive standaxrd curve, followed in order by CM2,
Coni-2 (purification 2) and CM1. In contrast, the biological gonado-
trophic activities had been in the order CM2 > Coni-2 > Fooled Cond-2>
CHMi. All dogfish plasmas tested, whether from mature, immature or
hypophysectomized fish, were able to inhibit completely the binding
between label and antiserum in this assay system, even when the plasmas
were serially diluted 10 times, giving a final dilution of 1:512,
Serial dilution of a ventral lobe extract from a mature fish gave a
curve non-parallel to the standard. The same plasmas assayed in a
homologous chicken IH assay run routinely in this depertment (Follett,
Scanes and Cunningham, 1972) did not alter the binding of labelled
chicken IH to anti-chicken IH. Similarly dogfish plasmas had no
activity in an homologous salmon gonadotrophin assay (Crim, Meyer and
Donaldson, 1973; Tan, 1976) and a heterologous avian follicle-stimulating
hormone assay (Follett, 1976).

By filtering a saline extract of 55 fresh ventral lobes, followed

by bioassay of the fractions collected, it was possible to demonstrate

that dogfish gonadotrophin was retarded on G=100. The major protein peak,




Eiguxe 37

Dose-response curves obtained in the dogfish "immmoassay"
with various partially purified gonadotrophin fractioma,
Each point represents the mean of duplicate determinations.
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eluted at the Vo, had no biological gomadotrophic activity, while later
fractions were shown to conmtain activity in the -2P chick mssey.  Immuno-
assay of these same fractions showed that the protein peak eluted at the
Vo of the columm gave parallel dose response curves to the standard,
while these fractions containing biologically active gonadotrophin gave
dose=response curves non=parallel to the standard. Thus the assay as it
stood appeared to be measuring a high moleculer weight contaminant present
in the iodinated material, and also present in very high concentrations
in 211 plasma. Use of either antiConA-2 or anti-CM2, the latter con~
taining antigonadotrophioc activity, produced very similar results.
Purification 3 was undertaken primarily to produce a biologically
active gonadotrophic fraction that was retarded on G-100. Hopefully,
therefore, the high molecular weight contaminant found in all fractions
so far could be separated from the gonadotrophic activity. Iodinated
ConA=2 from the purification, with a biological activity of 0.376 x
RIH~-1H-519, was indeed retarded on G-100 to the same extent as rat FSH.
However, it only weakly bound to the best antiserum, anti-CM2. Even in
the presence of excess antiserum the B/F ratio obtained was only 0.25.
All dogfish gonadotrophic fractions tested were able to inhibit this
binding. The amount of cold hormone needed to reduce the binding by
S0% was 1 ng pooled Coni-2, 2 ng Coni=2 (purification 2), 8 ng G=100 and
approximately 10 ng ConA-2 (purification 3). These results are very
similar to those obtained previously where the label employed, (M2, was
not retarded on G=-100, Flasmasg also had the same effect, completely
inhibiting binding between label and antiserum at all dilutions of the
plasma tested, as did extracts of either the various pituitary lobes or
brain tissue.
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To try and determine what it was in dogfish plasma that cross-
reacted in the assay, 1 ml of plasma from a mature female was filtered
on a 1,2 x 60 cm column of G-100 and all fractions immuncassayed. Using
anti-CM2 and labelled Coni-2 from purification 3 (retarded om G=100), all
fractions from the Vo onwards showed very high immunological activity,
until the Vq of the column was reached, where subsequent fractions showed

little, if any, immunological activity.

A reproducible procedure has been developed for the preparation
of highly purified gonadotrophin from small batches of dogfish ventral
lobes. Homogenization of the ventral lobes in a mortar and pestle,
followed by precipitation of a glycoprotein extract, GTHN, appeared to
extract all of the biologically active gonadotrophin of the glands.
Bubsequent affinity chromatography of this fraction on ConA-Sepharose
as described by Idler, Bazar and Hwapg (1975b) concentrated the vast
majority of the gonadotrophin into fraction Coni-2. In their purifi-
cation procedure B for salmon gonadotrophin, omly 2.1% of the gonadotrophic
activity recovered was in Coni-1, while in the dogfish purifications 1, 2
and 3, 30%, 5% and 30% respectively of the activity recovered was in
ConA=1, As the capacity of Coni-Sepharose is not given by the mamu~
facturers, and because a 1.2 x 5 e column proved too small in purification
1, a larger 1.2 x 15 om column was used subsequently.

In procedure B of Idler, Bazar and Ewang (1975b) the ratio of
gonadotrophic activity applied to bed volume of column was 64631 (i.e.

€46 units of salmon gonadotrophic activity per ml bed volume), whereas in
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purification 2, where the largest amount of dogfish gonadotrophin was
applied to the column, the corresponding ratio was 532:1, both activities
measured in the 2P chick essay. Thus the ConA-Sepharose column of
Idler et al. (1975b) was more saturated with respect to gomadotrophin
than were any of the colums employed in the present studies on dogfish
gonadotrophin, However, some dogfish TSH was also eluted with the
ConA-2 fraction whereas Idler et al.(1975b) could not detect any TSH
activity in their fractions using the same assay. Thus it appears
that dogfish gonadotrophin binds less well to Con-A-~Sepharose than
salmon gonadotrophin under the same conditions., This conclusion does
not preclude the possibility of one gonadotrophin being intrinsically
more active in the chick assay than the othexr. Also either the salmon
or the dogfish fractions applied to ConA-Sepharose may have contained
relatively more material of non-gonadotrophin or TSH origin that is
also adsorbed on to the gel. \Whatever the reason, it would seem
reasonable to conclude that a slightly larger column of ConA-Sepharcse
may be more effective.

The affinity chromatography step was highly successful in
eliminating unwanted protein and achieving a marked increase in gonado-
trophic activity. In general, the protein ylelds were less than 5%,
recoveries of gonadotrophic activity were high, and on average a L5=-fold
purification was achieved in the adsorbed glycoprotein fraction. Recemtly
Pierce, Faith and Donaldson (1976) have employed ConA-Sepharose in the
further purification of Donaldson's SG-G-100 fraction, and again much of
the biological activity was found in the glycoprotein fraction eluted
from the resin, but, as they did not glve the specific activities of

fractions Coni-1 and ConA-2 eluted from the columm, it is not possible to
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determine the yield of biological activity or the percentage of the

latter present in ConA-2., Comparing the three studies of purification
of fish gonadotrophin on ConA-Sepharose, that of Idler, Bazar and Hwang
(1975b), procedure B, with a 50% recovery of biological activity, almost

all of which was present in ConiA-?, and purification 2 of this study,
vhere there was an apparent 120X recovery of biological activity, with

11% of this present in ConA-2, prodﬁoad the best results.

Idler et al. (1975b) also reported that after adsorbing the
glycoprotein to Coni-Sepharose, a linear gradient from O to O.LM -
methyl=D-glucoside in Buffer C did not resolve the salmon gonadotrophin
into more than one peak with gomadotrophic activity. Thus, although
Coni-Sepharose chromatography was an important step in their purification
scheme, it did not separate two gonadotrophins one from the other. In
the present purifications, there is some evidence that the gonadotrophin
has been preferentially purified with respect to TSH, the former binding
more sirongly to Coni-Sepharose than the latter. For example, in
purification 2, only €% of the gonadotrophic activity was in Coni-1,
whereas the corresponding figure for TSH was 31%. Idler, Bazar and
Hwang (1975b) report that using the seme assay as employed here, no TSH
activity was detected in any of their G=75 fractions. As they presumably
only teated these fractions, it is impossible to know if the earlier
ConA-fractions contained TSH activity that was subsequently separated
from the G-75 gonedotrophic fractions. Interestingly, Fontaine and
Fontaine (1956) showed that two salmonid species had very low concentrations
of TSH in the pituitary.

The detection and separation of TSH from gonadotrophin has
proved very difficult in the case of fish preparations, although DEAE-
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cellulose is used successfully in mammalian (Stockell Hartree, 1975)
and avian (Scanes, 1972) studies. Although few data are available,

as many of the purifications bhave ignored the problem, possibly because
TSH was not the main focus of the studies, non-mammalian TSH appears to
be a glyocoprotein so is usually purified along with the gonadotrophins.
Licht and Papkoff (1974b) showed that TSH activity was evident in all
their final gonadotrophin fractions; not being effectively separated
from either gonadotrophin. The relatively low TSH potency in any one
frection was explained as probably being related to the wide distribution
of this activity into many different fractions. The total separation
of GTH and TSH was difficult in the ocase of the carp, even though they
were shown to be different entities. VWhereas CM-cellulose has a very
high binding capacity for most TSH's (Bates and Condliffe, 1966), ine
cluding that from the eel (Fontaine and Condliffe, 1963), thia was not
the case with carp material, where the TSH activity wes present in both
CM1 and CM2 (Bursawe-Gérard, 1974). Partial separation of ¢-GTH and
c~TSH was, however, achieved on IEAE-cellulose, where TSH was eluted
slightly later than o-GTH under the conditions employed (Burzawa~Geérard,
1971). Ho mention of TSH activity is found in reports on the purifi-
cation of trout GIE (Breton, Jalabert and Reinaud, 1976), sturgeon GTH
(Burzawa-Gérard, Goncharov and Fontains, 1975a) or salmon, Onchoryachus
ischawytscha GTE (Donaldson, Yamazaki, Dye and Philleo, 1972).

Donaldson and McBridge (197L) later demomstrated that the salmon gonado-
trophin preparation 5G-G-100 possessed thyrotrophic activity. Un-
fortunately it was impossible to measure the TSE activity of the dogfish
fractions QM1 and (M2 because of the limited amowunt of material available,
although it would be surprising if CM2 did not contain TSH activity.
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There is still contention as to whether one or two gonado=-
trophins are present in the pituitary gland of fishes. Two gonado-
trophins, luteinizing hormone (LE) and follicle-stimulating hormone
(¥SH) are found in the pituitery glands of all mammals. The primery
action of FSH is on the development of ovarian follicles in the female,
1H is responsible for transformation of this structure after ovulation
into the corpus luteum. In the male FSH stimulates the development
of seminiferous tubules, whereas 1H stimulates the production of
androgens by the leydig cells (Sairam and Papkoff, 1974). Recent
fractionation studies have demonstrated two separate gonadotrophin
molecules in representatives of all three classes of non-mammalian
tetrapods, including anuran amphibians (Licht and Papkoff, 197ha);
two representatives of chelonian (Licht and Papkoff, 1974b and Licht,
Farmer and Papkoff, 1976) and one of orocodilian (Licht, Farmer and
Papkoff, 1976) reptiles and several galliform birds (Stockell Hartree
and Cunningham, 1969; Sbann and Follett, 1972; Farmer, Papkoff and
Licht, 1975a). Information obtained on the chemical mature and
biological profiles of these hormones during fractionation and pre-
liminary immunological studies (Licht, Papkoff, Goldmen, Follett and
Scanes, 197L) indicate that the two gonadotrophins are homologous to
the follicle-stimulating and luteinizing hormones of the mammalian
pituitary, While these data suggest that the existence of two separate
gonadotrophins is a primitive feature in tetrapod evolution, the studiees
so far on fish species seem to indicate that probably only one gonado-
trophin is present in the pituitary, having both biological 'IH' and
'FSH' like actions in a variety of test systems.
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Until recently the major attempts at purification of fish
gonadotrophin had all relied upon some form of ethanolic precipitation
of the crude homogenate followed by gel filtretion and ion-exchange
chromatography on IEAE-cellulose. From these studies pituitaries of
the carp, Cyprirmus carpio (Fontaine and Gérard, 1953; Bursawe-Gérard,

1971), trout, Salmo gaixdnerii (Breton, Jalabert and Reinaud, 1976),
salmon, Oncorhynchus tschawytscha (Donaldson, Yamazaki, Dye and Philleo,

1972) and the sturgeon, Acipenser stellatus (Bursawa-Gérard, Goncharov

and Fontaine, 1975a,b) were all believed to contain only one gonado-
trophin. Although DEAE-.gellulose has been shown to separate success-
fully the two gonadotrophins in mammalian material (Roos, 1968),
fractionation of the above species yielded only one frection with gonado-
trophic activity. These single fractions from both the carp and salmon
pituitaries are able to stimilate the various functional aspeots of
gonadal activity, including those in hypophysectomized fish, leading to
the hypothesis that only one gonadotrophin exists in the teleost pituitary
(Burzawa-Gérard and Fontaine, 1965, 1966, 1972; Donaldson gt al., 1972;
Burzewa-Gérard, 197L).

Idler, Bazar and Hwang (1975¢), however, obtained some evidence
for the existence of two or mors distinct gonadotrophins in chum salmon
pituitaries. Rechromatography of their fraction G-T75 II on Sephadex
G=-T5 superfine gave a symmetrical protein peak with a coincident cAMP
activity profile. Repeated freezing and thawing elicited a shift in
this cAMP activity profile toward the trailing edge of the protein peak.
Employing similar elution conditions to Licht and Papkoff (197Lb), who
obtained two separate gonadotrophins from the pituitary gland of the
snapping turtle by ilon exchange chromatography on IFAR-cellulose, the
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galmon material also showed two active peaks. Peak DEAE~I differed
from DEAE-II and III (the latter two are the ascending and descending
parts of the second active peak) in that it stimulated cAMP production
in ovaries more than in testes, and its gonadotrophic activity signifi-
cantly decreased following chromatography on Sephadex G=75 superfine.
Idler, Bazar and Hwang (1975c) also suggested that IEAE-I is extremely
labile to ethanolic extraction and the subsequent arduous procedures
required to prepere the purified extract for chromatography. This may
explain why the previous studies have reported the presence of only one
gonadotrophin., Gel electrophoresis of the DEBAE-G-75 fractions also
confirmed an inherent charge difference between the f{rectiocmns,
Carboxymethyl cellulose was used in an attempt to separate
the ConA=2 fraction into two gonadotrophins because, along with IEAZ-
cellulosa, conatitutes one of the few methods which will separate LH
from PSH in higher vertebrates. At first glance the data suggest the
dogfish pituitary does contain two gonadotrophins as in both cases the
biological activity recovered from the column was split equally between
the two fractions CM1 and CM2. However, as about 90X of the protein
was not adsorbed on to the columm and was eluted with the first fraction
(cM1), this had a specific activity much lower than CM2. Bioassays
based upon testosterons release from gquail interstitial cells, which
appears to be specific for 'IH' when tested with ovine and chicken gonado-
trophins (Maung, Z.Y., 1975), suggest the contrary. Both CM1 and CM2
were assayed against the same NIE ovine IH standard in the S2Puptake
in chicks and interstitial cell assays, with CM1 having activities
(relative to NIB-I1H-S19) of 0.081 and 0.055 respectively in the two
assays, while CM2 had potencies of 1.04 and 1.00. This suggests that
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the activity present im CM1 represents "IH' that did not bimd to the
CM=cellulose column, rather than a separate 'WSH'. However, this does
require independent confirmatiom by other bioassays. Stockell Hartree
(1975) recommends a bed volume of 80 ml Cl-cellulose pexr g of glyco-
protein fraction, so my columm of o ml bed volume contained eight times
the ninimum volume of gel required for mammalien pituitary extmacts, and
80 overloading of the column was probably not a problem. |

— — — — — 1In the frectionation of memmaliay and avian LH and FSH using

CM~cellulose, over 00% of the FSH activity recovered was in the CM1
frection (horse: Stockell Hartree, Mills, Welch and Thomas, 196083

dog: Stockell Hartree, Bell, Christie and Kirkham, 1972; chicken:
Stockell Hartree and Cunningham, 1969), although the percentage of the 1H
activity recovered present in the CM2 fraction varied from 38v for the
chicken hormone to 95% for the dog. Thus CM-cellulose is relatively

poor at separating the two gomadotrophins in the chicken, with 91% of

the FSH and 62% of the 1H that being eluted from the column in (M1,
although the adsorbed CM2 fraction conteined little FSH activity.
Approximetely 454 of the blological activity recovered off the CM~cellulose

colum eluted with the dogfish Coni-2 fraction was not adsorbed to the

B 7 T ion exchanger, this percentage being comparsble to the 'IH' like gomado=  _ _
| trophin not adsorbed in memmalian and avian studies. Dursawa~Gérard
_ (1974) briefly mentions that 70% of carp gonsdotrophic activity recovered
' from CM-cellulose in the non-adsorbed fraction, Ci1, although the T8H
activity was also present in both fractions. She abandoned this method
and routinely separstes carp-GTH and TSH on DEAE-cellulose at pH 7.0.

Hovever, a satisfaotory separation of eel TGl and gonadotrophin was

' ] accomplished by Fontaine (1969) using CM-cellulose under the same
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conditions, the TSH binding strongly to the resin. Thus both carp and
eel gonadotrophin are acidic in nature, mot being adsorbed to the weakly
acidic cation exchanger Cl=cellulose. Trout, sturgeon and salmon
gonadotrophin are also acidic in mature Jjudging by their behaviour on
DEAE-cellulose. Dogfish gonadotrophin, on the other hand, may well be
basic, as more than half of the gonadotrophic activity recovered off
CH-cellulose resides in CM2, in a comparable way to mammalian and avian
1H, In sumary, the biochemical data from (M=cellulose in no way pre-
cludes the possibility that the dogfish possesses only a single gonado-
trophin which is *1H' like in its behaviour on ion exchange resins.

Very recently Pierce, Faith and Donaldson (197¢) have re-
examined the earlier salmon gonadotrophin fractions purified by Donaldson,
Yamazaki, Dye and Philleo (1972). The starting material for further
purification was SG=(=100, which was subjected to ConA-Sepharcse
chromatography to yield a glycoprotein fraction which was subsequently
applied to CM-cellulose under the conditions deseribed by Stockell Hartree
(1966)s Of 4O mg ConA-2 applied, 25 mg CM1 was recovered with a specific
~ activity of 0.03 x 519, and 7.8 mg CM2 (both 2a and 2b). Wwhile the
potency of CM2a was not given, CM2b had a potency of 0.014 x NIBE-1H-319.
The potency of the originsl Coni-2 fraction chromatographed on (M-cellulose
was not given either, making it impossible to calculate the proportion of
the activity recovered relative to that applied. However, 90¥% of the
activity recovered was not adsorbed to (M-cellulose and eluted as CM1,

As salmon gonadotrophin has been shown to be acidic in mature, it is not
surprising that the vast majority of the biological activity recovered
would not adsorb to CM-cellulose. Fraction (M1 was them chromatographed

on DEAE-cellulose as described by Cormell and Pierce (1973) in their
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separation of human IH and TSH. TUnder these conditions IEAE-1, the
unadsorbed fraction, contained all the gonadotrophic activity recovered
from the column, although this was only 12%¥ of that applied. Fuman IH
was eluted in the corresponding peak by Cormell and Plerce (1973)
although the TSH activity remsined bound to the ion-exchanger and was
eluted later. Although the chromatographic and electrophoretic
properties were distinct, the aminoacid composition of thes two related
salmon fractions SC-CM2 and SG-DEAE-1 were very similar. The final
evidence for a marked similarity, though not identity, in sequence
between SG-CM2 and SG-IEAE-1, were the peptide maps which indicated both
fractions to be nearly homogeneous, the maps being no more complex than
that of bovine IH., In summary, the bulk of the bilochemical data favours
only a single gonadotrophin being present in Teleostean pituitaries.
Although the present study on the Elasmobranchs is not as comprshensive
as could be wished, it too points to only a single gonadotrophin.

The bicassays employed in the purifiecetion of fish gonado-
trophins do not allow any speculation as to whether the purified gonado-
trophins are biologically 'IH' or 'FSH' like or possess both activities.
Very few bioassays, especially those employing non-mammalian materials,
have been shown to be specific for only one of the gonmadotrophina. The
two most widely used bioassays known to be specific for only one of the
gonadotrophins, the ovarian ascorbic acid depletion test (Parlow, 1961)
for 1B, and the method of Steelman and Pohley (1953) for FSH, both proved
unresponsive to o-CTH (Purzawa-Gérard and Fontaine, 1965; reviewed in
Burzave-Géraxrd, 197L). That employed frequently in the purification of
non-mammalian gonadotrophins has been the induction of spermiation in
anurans, and in spite of some discrepancies, there has been a tendency to



«120=

consider this response as being primerily dependent on an 'IH' like
factor (van Oordt and de Xort, 1969). Licht (1973a) re-examined this
assay and concluded that the amuren spermiation response is not specific
for either mammalian pituitary gomadotrophin. He also found that the
retio between the potencies of both highly purified and NIH preparations
of 1LH revealed large discrepancies between the amuran response and other
assays of these same gonadotrophin preparations. The unmusually high
apparent potency of the purified IH fractions in the amphibian led him
to question the use of the anuran spermiation test for menitoring the
purification of gonadotrophins, Another widely used assay has been the
maturation of oocytes in vitro, especially from amphibia. In the case
of oocytes from Xenopus laevis, their relatively high specificity for

IR from a wide variety of tetrapod species has been demonstrated
(Thornton, 1971; reviewed by Lioht and Papkoff, 1976), and this has made
the ip vitro ovulation response particularly valuable for comparative
studies on pituitary gonadotrophins, Although the ococytes from other
other species may prove to be less specific for IH among the gonadotrophins,
it would seem likely that trout-GTH, tested on trout cocytes, and
Adcipenser-CTH, tested on Rapa, Bufo and Acipenser oocytes, are both dis-
playing an "IH' like activity.

Apsays based on the stimulation of cAMP production in either
testicular or ovarian homogenates (Fontaine, Bursawa~Gérard and Delerue-
Lebelle, 1970; Idler, Basar and Bwang, 19752) may well be measuring more
of an '¥SH'=like factor in the gonadotrophin because of the much higher
incidence of seminiferous tubules as opposed to interstitial ocells.

The quail interstitial cell assay employed in this study appears specific
for 1LH among the avian and mammalian hormones teated, and because of its
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great sensitivity with respect to most bioassays this type of assay may
prove extremely useful in further purification studies. PFossibly it
ocould be used with cells isolated from the homologous species. Both
c=GTH and ono-GTH can stimulate all the various functional aspects of
gonadal activity, thus favouring again the hypothesis that only one
gonadotrophin exists in the pituitary (reviewed by Fontaine, 1975).

The diffioulty in choosing appropriate assays is compounded by
the fact that although some lower vertebrates contain two distinct
molecules resembling the FSH and IH of mammels, the two types of gonado-
trophin may not show the same specificity in lower vertebrates that they
do in mammals. For example, studies with highly purified mammalian
hormones in reptiles have demonstrated that both FSH and 1LH may stimulate
gonadal growth and gametogenesis, as well as ovulation and steroid
production by testes and ovaries (reviewed by Licht and Midgley, 1976b).
Furthermore, with regard to progesterone production by turtle ovaries
{Crews and Licht, 1975) and androgen production by lizard testes (Tsui,
1976) there is evidence that both memmalisn gonmadotrophins stimulate
the same type of tissues in the gonad. Similar results have been ob-
tained with purified FSH and IH from non-mammalian sources (specific
references quoted in Licht and Midgley, 1976b). This overlap in both
the type and site of action of FPSH and LH in reptiles suggests that the
location and/or the specificity of gonadotrophin binding sites in
reptilian and mammalian glands may differ markedly. Thus the inter-
pretation of biocassay results on an 'IH' or 'FSH' like activity basie
resains difficult to resolve, and the only way to demonstrate convineingly
the existence of two gonadotrophins with separate biological activities in
fish will be by using a mumber of different bioassays in one study, pre-
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ferably employing tissue from more than one class of vertebrates. In
mammao&iﬁwhmmlmwm,u
sach testis containe ampullae at varicus stages of development arranged
trensversely through the testis (Dobson, 197L), and thus by longitudinal
sectioning it should be possible to isolate strips comtaining ampullae
with the mejority of germ cells at a specific stage of spermatogenesis.
If two distinot gomedotrophins can be isolated from the dogfish pituitaxy,
ampullae containing germ cells at different stages may respond to a varying
degree to the two hormones, this being determined either by incorporation
of 2P phosphate into the ampullas, or by cAMP/stercid production.

There are a mmber of apprvaches that support the argument that
fish possess two gonadotrophins. The first comes from the use of
purified memmalisn gonadotrophins, where many workers have obtained
positive results with 15 but failed to elicit reactions with FSH (Piekford
and Ats, 1957; Ball, 19603 Dodd, 1960), Mammalian LH, when injected
into Televets bas frequently been found to ceuse reactions usually
associated with FSH in the mammal, as well as an lE-type of reaction.
As omnly LH of the two mammalian hormonmes was active in fish, Hoar (1966)
postulated a second FSH-type hormone comtrols those actions normally
associated vith FSH in the mammals., Part of the reason for the differen~
tial effects of the two mammalisan hormones may have been that the ILH,
which gave poaitive results in many cases, was much purer than the FSH.
while the most potent LA produced, a human preparation, is between 3.0
and 10.7 x NIE~-1H-51, measured in the OAAD assay, FSH prepaxetions as
high as 00 x NIH-FSH-S1 have been reportel (sumserised in Sairsm and
Papkoff, 1974). It is gemerally considered that NIH-1H is around 50%

pure, while the NIH-FSH is about 2%, so equal doses of both conmtain vastly
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different amounts of the biologically active hormone. Secondly, the
dualistic concept is suggested by histological evidence. As indicated
in the recent reviews of Donaldson (1973) and Reinboth (1972), two
different types of gonmadotrophic cells have been observed in the pituitary
glands of eel, pacific and sockeye salmon, goldfish, mullet and sunfish.
As these authors point out, however, the results are not comclusive since
only one gomadotrophin was found in the pituitaries of Pogcilia latipimme,
catfish, the blind Mexican cavefish and gonadectomized sockeye salmon.
The immumological evidence, reviewed by Doerr-Schott, 1976, is also com-
fusing. In teleosts the cells labelled by ovine 1IN antiserum correspond
to gonadotrophic cells or classical basophils (vam Ooxdt, 1968; Ball and
Baker, 1969). The cytoimmunochemical reactions are positive in the
sslmon (McKeown and van Overbeeke, 1971), carp (Billard et al., 1971),
goldfish and stickleback (Follemius amd Dubois, quoted im Doerx-Schott,
1976). HNo fluorescence was detected after applying an anti-ovine FSH
to the hypophysis of Q, nexka (McKeown and van Overbeeke, 1971), although
the absence may be due to a lack of specificity of mammalian FSH anti-
serum for the presumptive 'FSH' hormonme of fishes (Doerr-Schott, 1976).
Even in mammals the IH and FSH antisers used do mot always emable a clear
distinetion to be made between FSH and 1H producing oells.

The work of Hyder (1970) has shown that in Tilapia there is =
differential development of the gametogenic and steroidogenic tissues of
the testes. Two extremes of interstitial tissue development can be seen,
the lowest at a time when active spermatogenesis is in progress and
spermatosoa are present in the sperm ducts, and the highest when prectically
all the spermatogenetic products are drained away. He suggests that two
pituitary bormones (an FSH and an 1H) would best explain this situatiom,
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the FSHelike principle probably being active largely in the early phases
of testicular growth, vhile the IE-like principle probably reaches its
maximal effect at about the time of spermiation.

As Burzawa-Gérard (197L) bas showm, it is possible to reconcile
this differentisl stimulation of the gametogenic and steroidogenic tissues
in a number of vays. Ome is that the different tissues are sensitive to
different concentrations of a single hormone. Sundavaraj et al. (1972)
showed that the catfish required different concentrations of gonsdotrophin
to maintain vitellogenseis or to cause ovulation. Another is that stimu-
lation of the stexvidogenic tissue resulis in secretions that in turn
stimlate the gametogenic tissue. As Hyder (1970) poimts out, this may
be the case in the early phases of the secondary spermatogenic wave, but
does not appear to be the case in the early phases of the primary wave.
Another possibility suggested by Burzawe-Gérard (1974) is that an in-
hibitory factor may prevent the stimmlation of ome type of tissue while
the other is stimulated.

Although mammalian and avian gonadotrophins appear to be fairly
stable around neutral pH, and many do not lose activity after storsge as
dry powders for two years at room temperature, this stability does nmot
seem to apply to fish gonadotrophins, However, even mammalian FSH has
proved difficult to isolate and purify, which Liu and Ward (1975) suggest
may be due to its instability during the course of isolation. The
purified salmon gonadotrophin of Idler gt sl. (1975b,c) was stable in
Tris buffers containing EDTA and/or dithiothreitol, and samples did not
lose significant activity when stored in these buffers for several months
at =73°C.  The results of repeated freezing and thawing of the G~TS
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fractions, however, were attributed to two (or more) gonadotrophine, one
of vhich showed greater lability to phase change. Using their provcedure
A, & loss of T5% of the original biclogicel sctivity wvas reported after
dialysis and ultrafiltration, which they speculate may be due to the use
of harsher conditions in this procedure. Also the speeific activity of
SG-fractions decreased between 10 and 25% after lyophilisation. A single
test of the effect of lyophilisation on dogfish gomedotrophin showed that
over 50% of the biclogioal activity was lost following this treatment,
s0 the latter was discontimued as a drying step. Idler et al. (1975b)
also showved that heating homogemates of pituitaries extracted with buffer
B at 60°C for ome minute, in an effort to remove extramecus protein and
denature proteolytic enzymes, resulted in a loss of 60% of the total
activity. Salmon gonadotrophin thus appears to be more heat labile than
mammalian glyooprotein hormones, where Papkoff et al. (1965) have even
introduced a heating step at one stage to inmctivate proteclytie activity
in the crude extracts! Pierce, Faith and Domaldson (1976) also noted
major lossea in biological activity upom further purification of salmen
gonadotrophin 8G-G-100, Although the cause was unimown, they put forward
the explanation of incressing esse of dissociation or dematuration upon
purification. These authors also consider that the success of Idler
2t al. (1975b,0) in preventing loss of sotivity, though not completely,
was due to avoidance of freeze drying at intermediate steps and possibly
by preventing oxidation during purification by the addition of low com-
centrations of dithiothreitol.

In the purification of trout-GTH (Breton, Jalabert and Reimaud,
1976), the physical characteristics of the first trout gomadotrophin ob-
tained led them to suppose that this preparation had been obtained in a

- _...u.._‘

o ——————
i oot —— -

T
P —
== —

.
——

P —

Ty




«126=

partially dissociated state, the dissociation deing completed during
ultracentrifugation. They again considered fish gonadotrophic hormones
t0 be more fragile then mammalian gonadotrophins, as it seems that
dissociation can be spontanecus for both t-OTH and o-GTH.

The problem encountered with the dogfish gonadotrophin prepars-
tion was not dissociation, but rather an aggregation of the hormone.
There was also a loss of biological activity of the fractions upon storage
as dry powders at -20°C, with the most potemt fraction showing the greatest
loss of activity. These fresctions were not repeatedly thawed and re-
frosen during storage, s0 it appears as though the dogfish gonadotrophin,
at least prepared in the way described, aggregates spontaneously as a
dry powder at -20°C. The Coni-2 fraction from purification 3 has been
stored in solution at -70°C for over tem weeks, and vhen an eliquot was
iodinated and filtered om G=-100 it was retarded to the same extent as
rat FSH. There appears to have been no aggregation of this freactionm -
so far! As fresh dogfish gonadotrophin is retarded on G=-100, it is most
likely that aggregation cccurred subsequent to the initial extraction of
GTN. TUnfortunately, at no stage in the early purifications was it possible
to pinpoint the position of aggregation because only later was aggregation
suspected. However, FPigure 28 indicates that the bioclogically active
gonadotrophin emerged at two positions, one retarded and ome mot. Al-
though the colum dimensions were such that too much weight ought not to
be put on this result, it is possidble that this was the only demonstration
of the gonadotrophin in a partially aggregated state.

Othex factors which point to the fact that the gomadotrophin
agsregated subsequent to Coni-Sepharcse chromatography are that the
initial biological potemcy estimate in the J-P-assay and that obtained two
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weeks later in vivo in quail of frection ConA-2 (purification 1) are not
significantly different, and also that ConA-Sepharose chrematography
during purification 3}, under the sane conditions =s applied to the two
previcus purifications, did not cause aggregation. It appears therefore
that the fractions aggregated subsequent to Coni-Sepharose chromatography,
and as the procedures employed after this step in purifications 1 and 2
wvere different, it looks as though no particular chemical treatment
caused the aggregation.

There are a few mentions concerning aggregation of gonado-
trophins in the litersture, aslthough all refer to mammalian hormones.
Gray (1967) demomstrated thet human FSH seemed to be mixture of three
components of molecular weights of approximately 68,000; 344,000 and
17,000, The original preparstions of FSH, which contained all three
forms, had been obtained by chromatography using elution with salt
gradients. After prolonged storage following dialysis, these were con-
verted principally into the high molecular weight form. Ho evidence of
the existence of & trimer (ga. 100,000 Daltons) was observed. Gray
(1967) also states that the associstion-dissociation process seems to
bhave no effect on the bislogical activity of the hormone, peaks corre-
sponding to all three molecular weight forms being active im the overian
augmentation assay. DButt, Crocke and Cumningham (1961) also appeared
to obtain aggregation in human FSH during purification, while Sairam and
Papkoff (1974) consider it likely that Roos and Gemzell (1965) were dealing
vith aggregated preparations. Stockell Hartree (persomsl commumnication)
also has seen aggregation in some mammalisn gonadotrophins. However,
although aggregation has been reported in a mmber of cases previously,
only dimers, with molecular weights 60,000-70,000, have been confirmed,
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wvhereas dogfish gonadotrophin appears to have aggregated to a molecule
vith s molecular weight equal to or greater than 100,000 (judging by its
behaviour on G-100), and at no time has the presence of smaller aggre-
gates been seen. As to the question of whether the loss of biological
activity is related to the aggregation of the dogfish gonadotrophin, this
is unknown, although it is probably more likely that the two phenomena
are linked. Stockell Hartree (personsl commmication) has no data on
the biologicel activity of aggregates, and although Gray (1967) reports
that all three of his human FSH preparations of different molecular
weight possess biological activity, no data are provided. His results
also disagree vith most studies of dissociation in gonadotrophins which
indicate that the dissociated subunits possess little, if any, biological
activity (reviewed by Sairam and Papkoff, 19TL).

e S,

As discussed in Chapter 1, there is evidence for gonadotrophic
activity in the other lobes of the dogfish pituitary besides the vemtral
lobe. To recapitulate briefly, the ultrastructursl study by Enowles
gt al. (1975) and the biological assay of various lobes by Firth and
Vollrath (1973) bhave indicated the presence of a gomadotrephin in the

T T

median lobe. Goddard and Dodd (quoted in Dodd, 1955) reported that the
injection of extracts of skate (Bais batig) nmeurointermediate lobe inmto
immature mice produced a three-fold increase in uterine weight, which
would appear to indicate the presence of gomadotrophic activity in this
lobe. Scanes ¢t al. (1972) confirmed earlier reports by showing that
the 3%pochick bicassay responded only to the ventral lobe at the doses
used. Thus all lobes of the elasmobranch pituitary have at some time
been suggested to contain gonmadotrophin. The studies reported here have




used "classical®™ purification procedures in an attempt to locate
gonadotrophic activity in the other lobes of the dogfish pituitary
besides the ventral lobe. Results obtained using the Coni-2 glyoco-
protein fractions from either rostral plus median, or neurcintermediate
lobes confirm and extend the results of Scanes gt al. (1972). Injection
of a dose of the respective Coni-2 fraction equivalent to either 14.6
R + M lobes or 10.8 NI lobes failed to elicit a response, whereas a
dose equivalent to 0,125 ventral lobes of the Coni-2 fraction from the
corresponding vemtral lobe purification would have givem a significant
response, VWhen assayed using the much more sensitive interstitial ecell
assay, both R + ML and NIL Coni-2 fractions gave dose-response curves
parallel to the standard, estimates of the potency of the two fractions
showing that the total activity presemt in the NIL Coni-2 fraction was
8 times that present in the R + ML Coni-2 frectiom. Unfortumately, as
the potency of the corresponding Vi extract was not estimated in the
interstitial cell assay, it is impossible to make direct comparisons
with extracts of the other lobes. However, as the chiock assay and the
interstitial cell assay gave the same potency estimates of both fractions
CH1 and OM2, it seems reasonable to conclude that these two assays would
give approximately the same potency estimate for fraction Coni-2 from
ventral lobes, Bearing this assumption in mind, the R + ML Coni-2
fraction contains 0,18% and the NIL ConA-2 fraction 1.l8, ‘of the activity
present in the ventral lobe Coni-2 fraction. This is not in agreement
with the results of Firth and Vollrath (1973), who using the Yenopus
oocyte meturation assay concluded that the mean ventrel lobe potency was
eight times that of the mean median lobe potency. Even allowing for the
fact that the ratio of biological potencies between two fractions may
differ depending on the biocassay employed (Licht and Midgley, 1976b), it
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is difficult to reconcile the two sets of data., It is also possible that
the Xepopus assay is measuring a gunadotrophin not detected by either the
32p_chick assay or hy the interstitisl cell assay, but this again seems
unlikely.

The results presented in this study are more in accord with the
likelihood that the gomadotrophin extracted during the purification of
other lobes of the pitultary besides the ventral is an artifsct produced
by the method of separating the various lobes. It is diffiocult ¢to be-
lieve that no contamination could take place, especially as the ventral
lobe is conneoted to the median by a hollow stalk. During the dissection
of the pituitary from the vhole anima]l pressure is applied to the top of
the brein that could easily force the colloid presemt in the ventral lobe
up the stalk into the other lobes. Also, the instruments used for
dissecting the various lobes must become contaminated when a large batch

Although the use of radiocimmunoassays in studies relating to
fish endoorinology ave still in their infancy, they have already made
a major contribution to the study of reproduction in fish, and have
answered many of the questions that had proved very difficult before
their introduction. Only two immuncassays have been fully wvelidated,
one for salmon gonadotrophin (Crim, Meyer and Domaldson, 1973; Tan,
1976) and the other for carp gomadotrophin (Breton, Kamm, Busawa-Gérard
and Billaxd, 1971). Tan (1976) has also shown that a heterclogous assay
based upon a2 salmon antiserum and a carp antigen may prove useful in
studies on other teleost species. The use of these assays has allowed

a4 gonadotrophin releasing hormone to be demonstrated in the hypothalamus
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from the carp (Breton, Jalabert and Weil, 1975) and the goldfish (Crim,
Poeter and Billard, 1976), a situation analogous to that found in memmals
and birds, and probably also the brown trout, Selme trutta, which is
capable of responding to synthetic mammalian gonadotrophin releasing
bormone (Crim and Cluett, 197L4). Variations in the plasma gomadotrophin
profile have been demonstrated, both during sexual maturation in a variety
of salmonids (Crim, Watts and Evans, 1975) and during ovulation in the
carp (Breton, Billard, Jalabert and Kann, 1972). In a preliminary
study Crim and Evans (1976) have shown that radioimmmoassay estimates
of circulating gonadotrophin may be a valusble tool for assessing the
usefulness of the treaiment of fish with pituitary hormones in the
manipulation of their reproductive oycleas in aguaculture.

As yet, it has mot been possible to develop a redicimmmoassay
for dogfish gonadotrophin, although the two major ingredients, a gonado-
trophin of sufficiently high purity and a reasonable antiserum, have
both been obtained. Antisera raised against the CTN and Comii-2 fractions
{from purification 1 are probably poor antisera as they possessed no
antigonadotrophio activity whem tested in vivo in chicks. They were
raised soon after the purification began in amn effort to dewvelop an
immmocassay for dogfish gonadotrophin as quickly as possible. In retro-
peot they have probably only confused the problems relating to the
immmoassay. The initial assay developed, using iodinated CM2 and either
anti-Conid-2 or anti-CM2, appears to measure a high molecular weight con-
taminant present in both the iodinsted gonadotrophin and also in very
large amounts in the plasma., Due to the agzregation of the CM2 fraction
it has been impossible to separate the gonadotrophin from the high
molecular weight non-gonadotrophin suspected of being present, and thus
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the assay presumably measures both of these materials. It is more
difficult to explain why similar results with dogfish plasma have been
obtained in the assay using iodinated Coni-2 from purification 3 and
anti=-CM2, Here any high molecular weight material had been separated
from the gonadotrophin during the purification by gel filtratiom in
G-100, and the subsequent Coni-2 glycoprotein fraction produced contains
biologically active gonadotrophin in & non-aggregated state, even after
iodination. Use of this iodinated preparation in the assay should mean
that no high molecular weight material is being measured, although again
dogfish plasmas, even at high dilutions, inhibit completely the binding
of the label to the antiserum, indicating wvery high amounts of some
material causing this effect. A possible answer to this problem is that
the dogfish plasma oontains something causing a non-specific inhibition
of binding between the label and the antiserum. However, dogfish plesmas
included in other immncassays run routinely in this department, those for
chicken 1H, salmon GTH and a heterologous avian FSH assay, do not inhibi¢
the binding of the label to its respective antiserum. As the methods
employed are basically the same in all the assays, if dogfish plasma did
contain a non-specific factor inhibiting binding in the dogfish immuno-
assay, this factor would be expected to do the same in any immumnosssay.
A way around the problem may be to raise antisera against Coni-2 (puri-
fication 3), which should contain no antibodies against the high molecular
weight material presumed to be present in the fractions from the earlier
purifications. This would also be an antiserum raised against a non-
aggregated gonadotrophin, as the anti-ConA-2 and anti-CM2 may well contain
antibodies against the agzregated gonadotrophin, although anti-CM2 has
been shown to be capable of neutralizing the effeot of a fresh ventral
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lobe extract injected into chicks, where the gonadotrophin is non-
aggregated. The first anti-ConA-2 (purification 3) bleeds are now
available although they have not yet been tested.
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SWMARY

The mature female dogfish, Soyliorhinus canicula, has been

shown to be oyclical in its reproductive physiology. Gravimetric data,
supplemented by observation, have shown that the dogfish has an extended,
if not continuous, egg-laying season. The gonadosomatic index (G.S5.I)
shows marked amnual variation, however, being highest during late winter
and loveat in autumn. DBoth plasma testosterone and oestradiol oon~
centrations shoved marked annual variation in mature female dogfish, the
rise and fall preceding similar changes in the G.5.I. by about three
months., Oestradiol ocould not be detected in the plasma of either
immature females or males at any stage of maturity.

Bioassay estimates of the gonadotrophic content of the ventrul
lobe of the pituitary from mature females demonstrated that this too
showed a high degree of anmual variation, although the cycle was more
difficult to correlate with either changes in the G.S5.I. or plasma steroid
concentration. \Whereas the gunadotrophin content of the female ventral
lobe varies by a factor of at least 80 over the year, that of the male
varies muich lese, and never approaches the value obtained in the female
throughout much of the year.

Intravenous injection of ventral lobe extract into intact,
mature males caused elevation of plasma testosterone concentration after
90 minutes. Ventral lobe extract also caused a four-fold inocrease in
plasma testosterone concentration in hypophysectomized meles after !, hours.
An extract of neurcintermediate lobe caused a significant elevation of
plasma testosterone in hypophysectomized males as well, although the
elevation was not as great nor as long lasting as that caused by ventral
lobe extract. An extract of rxostral plus median lobes had no effect on
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plasma testosterone concentration.

Mammalian gonadotrophin, injected intravemously, had little
effect on plasme testostercne or oestradiol concentrations in hypo-
physectomized femalea. A small rise was observed in both steroid con~
centrations between 4 and 6 hours post-injection following FSH admini-
stration. There was no effect with LH.

Plasma steroid concentratiocns, both testosterone and ocestra~-
diol, fell rapidly when the fish were maintained in tanks. Various
pituitary operations did not affect the character of this fall. Ventral
lobectomy caused a complete cessation of egg-laying. Ablation of the
other pituitery lobes had no effect on the rate of egg-laying.

Gonadotrophin(s) were extracted and partislly purified using
biochemiocal methods similar to those employed in mammalian studies.

Two batches, each of approximately 1000 ventral lobes, were homogenized |
separately in a mixture of ammonium acetate/ethanol and the glycoprotein 4
fraction (GTH) precipitated by the addition of three volumes of ethanol. ]
This was followed by affinity chromatography of the GIN fractions on
Coni-Sepharose which proved most effective. Most of the protein emerged
unadsorbed from the columm, but this fraction (Coni-1) contained only a

e S

small amount of the total gonadotrophic activity (7%), although a slightly
larger amount of the TSH activity (31%). The mejority of both the gomado-
trophic and TSH aoctivities were eluted subsequently in a ConiA-2 fraction
by using a buffer containing glucoside. This step gave 9 and 25=fold
increases in gonadotrophic potemcy respectively in two purifications.

The first ConA-2 frection was passed through a columm of (M-cellulose.
About 90j% of the protein was unadsorbed and was eluted in the first

fraction (CM1). Increasing the buffer molarity eluted a small amount of
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a second fraction (CM2). The gonadotrophic activity was split equally
between the CM1 and CM2 fractions, with the result that CM2 has a
specific activity much greater than CMi. At first glance, these results
suggest that the dogfish produces two gonadotrophins, but subsequent
bicassay data suggest that this is not the case. Totency estimates of
(M1 and CHM2 were 0.08 and 1.0, x NIH-1H-S19 respectively in the chick
assay, and 0.06 and 1.00 x NIH-IH respectively in the interstitial cell
assay. This suggests that the activity in M1 represents "IH" that
did not bind to the CM-cellulose columm, rather than a separate 'FSH',
although this requires further study using a range of bioassays.

Gel-filtration on Sephadex G=100 of the CM2 fraction or the
ConA-2 fraction from the second purification showed that virtually none
of the protein was retarded. The unretarded protein peak contained
all the detectable gonadotrophic activity, although the yield was much
lower than expected. Subsequent gel-filtration of fresh ventral lobe
extract suggests that the partially purified gonadotrophic fractions
had aggregated and lost some biological activity. A third purification
on a smaller number of lobes produced a reasonably potent gonadotrophic
fraction that behaved similarly to mammalisn gonadotrophins upon gel-
filtration. These studies indicated that dogfish gonadotrophin was
similar to other fish gonadotrophins in being more labile than mammalian
gonadotrophins,

The same biochemical techniques, when applied to either neuro-
intermediate or rostral plus median lobes, yielded very small amounts of
materiel, having very low gonasdotrophic activities. These were 1.10 and
0.15%, respectively, of the total gonadotrophic activity recovered from

the same number of ventral lobes collected from the same fish. It appears,
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therefore, as though the ventral lobe is the mein, and probably the only,
source of gonadotrophin in the dogfish pituitary.

Both GTN and ConA-2 fractions, when injeoted into rabbits,
produced poor antisera. An antiserum prepared against CiM2, however,
contained anti-gonadotrophic activity, demonstrated by its ability te
inhibit the increase in J2P-uptake into chick testes caused by ventral
lobe extract. Using this antiserum, and various iodinated dogfish
gonadotrophin fractions, it has as yet proved impossible to set up a
radioimmmoassay to measure circulating gonadotrophin concemtrations.
Some of the possible reasons for this are discussed.
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