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Vitel in o o i Walbaua !.nvolvel

a transfer of £ yolk matecial synthesised by the liver into the oocytes in
the gonad. The hormones controlling thesé processes vere studied,

Hoysina which ‘Can fniduce watrsidion and/or ovlation’ of oocytes were

1de||c1ﬂed 5

The gonadal 14p1d accumulacion fubng etnter starvation s not |
acéounted for by the decrease 1n the cuncan::-_uon.nr Ldver lipid.
vg:euogenem' ust dohsiat of three phases; mobilization. of 1ipid and
othe¥ anergy reserven fnto the eirculation,.synthests of yalk protetns

by the U.ver, aud dpeake of yolk: i.ntcroocy:el.

\mt.h liver .and cocyte .uptake

** of yolk protein. Injection of estradiol-benzoate restores the liver

synthesis of yolk, resulting in accumulation of yolk proteins in serum

" because none is incorporated by the gonad. A glycoprotein fraction from

ide ide pituite which is capable of

stimuldting ovulation, did-not promote uptake into the gonads of. the

esgradiol’ induced serum yolk but a noi-glycoprotein fraction from these

pituitaries with a molecular weigh: of 25000 to 35000 stimulated yolk'
im:orpozatlun. 43" s 5w

. 17d-Hydroxy and y ydroxy’

were tdeatified in ﬁ\lnma samples which had 1||du:ad oocyte maturation

in vitro bloassay, using a double isotope’ mm:m assay. Cortisol,

cortisone, -deoxycor 11 and progesterone were




identified in various plasma: samples but not correlated to oocyte

naturation. . A Co. S L By
Cortisone, ) 17a= y ‘rone’ or
208 dihydro-1 2 induced r of oocytes .

incubated in ‘plasma from male‘fish but appeared to have no conclusive

| effect upon oocytes incubated in artificial media: 'Injedefon of these

steroids, estradiol-b. or into pl
E |

fish did not induce oocyte maturation or ovulat!¥gy
A ‘salmon gonadotropic preparation (S6-G100) or-extracts of

P. americanus pituitaries induced some oocyte maturation in vitro. Bith

a gly on frombl. pl ides pituitaries and SG-G100 ~
induced oocyte maturation and ovulation vhen injectéd ihto hypophysectomized
£ish. L s ’
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STEROID NOMENCLATURE

2 Common_ Names

Other Common Names

Scientific Names

Estradiol benzoate

Testosterone. 4-Androsten-178-01-"
11-Ketotedtosterone 4-pndrostei-178-01-3,
X - 11-dione ;
plsitarid ; i-g:egqgne—s, 20-dione
208 fne 4-Pregnene-3-one .
17a-Hydre one (17a0H, p 17a-01-3,

1,3,5(10) Estratrien-3,
178-diol, 3-Benzoate

17a-liydroxy, 208-dihyro
progesterone

Cortisol
Cortisone

11-Deoxycortisol
: "l
11-Deoxycorticosterone

208-Dihydro cortisone

17a 208 progesterone

e

4~Pregnene-17a, J1-diol-3,|"

20 dione

4-Pregnene-17a-ol-3-one

4-Pregnene-118, 17a,
21-triol-3, 20-dione

11, 20-trione

4~Pregnene-17a, 21-diol-3,
20-dione

4iPregnene-21-01-3, . -
20-dione, : ks

4-Pregene-17a,

21 diol-3-one
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Figure 1

Structures, of steroids ideftified in the
plasua of female P. amerioanus.
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3 GENERAL INTRODUCTION
" One of the re /For the of ve hatchery
and fish culture pra s a of the :

involved n growth.of yolky oocym (vitellogenesis), and in the. processes

B ﬂhid\ cuplzu the meiotic division (maturation) of -the y‘lete prior u:

- ovulation and ing. These which *E
N have been gordowed by schuet 1969). Garacteriatically, oojor growth

and accumilatfon of yolk reserves in ooeytes occurs’ during an extended

‘stage of mefotic proph When vitel 18 d the meiotit .

4 i divisim\ is usulud to produce a mature egg (maturation)’, capable of
" '

B . belng fertilized after extrusion from tlu fnlllch: (nwllcinn) and

spavning. . 9 voET e b

S, Coatrol of I:hele sethantoms vas anuuu;gd m the winter flnunder

Pseu@plau‘onﬂctcl americanus Walbaum as a model for the ccld—ta‘lpaxll\n’:

marine teleost. These fish are availsbie throughout the year, undergo no {

v “major migrations and are zestricted to shallow waters (Liem and Scott,

isss; Templenan, 196377 el sepegductive cycle of che female ..

flounder’ begins with the initiation of vitellogenesis in August. Gocjte

growth appears to be  competad by February apd a peuna 1o vhich . -

thau is no further lerh durl.ng :he rest of ulnu: end.u at the :ins uf- ~

% g I
spmmi,ng in Hay or Jyne. | X i LI Lok

Vicellogeneas s
A hypothests developed for amphibia by Follett ot al (1968),

Reédshaw (1972), Wallace (1972) md Wallace and ‘Bergink '(1974), proposes: |




effect on the gonad causing yolk incorpdration.

5 .

that vitellogenesis consists of at least two phases. A primary phase is =

the of a serun I:

vitellogenin, by the liver

under ésrogen stinylation. The secondary phase is a smadsopla

. stimulz:ed im:orpnrar.ion of ‘vitellogeniy into the yolk of cocytes, +

Gonadotropins. are agsumed to be ull:imately Fesponsible for both phases

by stimulating synthesis of estradiol hy the ovary andby the direct

Treatment with various mamnalian and piscine gm\ado‘mpm”

in 1ntact fish (Chistova, 1971"

stimilated vitel
Ochal et al., 1972; Shehadeh ‘et al., 19735. * A homogedate of pituitaries
Eron-Carassius auratus L. caused ‘an increase, in gonad welght vhen

infected into chemically hypophyaectomine&j Hypaeleptma ‘galii (Wackay, .

- 1973) and luceinish\g Hormone induced gonadal érwr_h 1|| hypaphysectomtzed

Heteraprzusbes foesilis Bloch (Anand and Sundarara,  1974).

Estrogeris affect the teleost um.m uayM\mggeu that s

" yolk synthesis does oceur in a manner sinilar to that in daphibia. The,

. most direct avidem:g is that of Plack and Frazer (1971) who shnued that

Jolk proteins were-produced in in vitro cultire of Liver slices from
vitellogenic Gadus norhua L. ‘Estrogen treatment has been Shown to result:

m an_increase 1n tire size of .1ivers af Misgurmus' «mgutllwaudataa Can:n:,

oryzias l”"i’“ Schlegel ; L. and

altivelis Temninck and Schlegel (Kobayashi, 1953;'Egami, 1955; Oguro,

1956; Aida et al., 1973) and to induce in male livers the histological

structure normally found in vitellogénic females. These effects may \

be ekplained as the results of a hormonal stimulation of protein synthesis

by the liver, b -

ey

¢




. made af;zt reviewing dau on plasma calciym cununcr,um-m teleos!

. steadtol Injection, tato G. morua causes” egg s :é‘coueu

in plasma (Plack o al., 1971) and Indoces changes in serum p!otahu of
Oncorhyndhus ‘nerka Walbaus and Salmo gairdnerii Richardson (Ho and i

) Vmsgone,@ Tikashima et al., 1972). New yinuntg!gs are =
synthesia:d dur: i.n o nerkd, S. gairdnerii, Pn?aphyryl

. vetulus Ginrd ) atthlw and Drachydmw rerio Ham. (Ho gnd Vanstone,

" 19613 'l'hnnznn, 1967; Utter and Ridgeway, 1967, Aid.. et al., -1973;

eesen and Engels; 1973). These data suggest ‘that in nornal vicellogenes s

. 5 .
proteins are transported in the blood -and ‘that

trogens are caplbln ni
stinuln:lng :heir Eomtlon by the liver and/or cause their nc:umulatinn
ln :he clrculaclun hy negative (!edback (see'below) to the pitultary.

Sillﬂ.nr eanclusioﬁ! to lhosz “drawn from the Drot:in wn(k can. be

The concentration of uu- foa may aEt 4 wiAndfeatas Cot the prasaie O -
“yolk pro:zm since amphibian vite].logenln binds large asoumts of calctum
- (Follett of al., 19687 Wallace, 1970; and Ansari et al., 1971), This

night -suggest that the’ lu;h plasma cnniu- Levels' found fn G. morhua,..C.

auratus and hlqm_ during vitelloges may be an

of ‘plasma trlnspon of yolk (Hess et al., 1928; Bailey, 1357; Garrod and

Nevall, 1958, lnd 0@\!‘(5 and Takada, 1967), Serﬁ calcium levels -vte

d after i of Cdnto_ various, specteg “(Batley, 1957;

Ho and Vanstone, 1961; Urdst and Sr.hjeldn, 1961. Flemming et al., 1964;

Woodnead, 1969; Urist et al., 1972) and tiiis may be interpreted as
further evidencé for an estradiol stimulation of yolk synthiests | by the -
:aunsc 1iver. d W )

Much ‘of _the evidence fux u:rugen h\vnlvn:!nt in telena:

b

5




vitellogenesis is circumstantial Byt the specific roles of gonadotropins
and the hormonal control of yolk l;;corpanr.luu 1nts oocytes have mot
been investigated. Estradiol mjé’.:cti.ons inhibited vitellogenic growth
in intact fish (Egami, 1954; Egemi and Ishii, 1962; Sundararaj and

Gosvami, 1968) in a sinilar manner to hypophysectomy (Vivien, 1341;

Barr, 1963;-Yamazeki, 1965; Sundararaj and Coswaai, 1968). This estrogen

— .
effect was explained by a negative feedback at. the ituitary causing a

Teduction in the amount of sonadptropin velessed. In the work of-Plack

Gt al. (o7), “tntact . morhua injected ith estradiol synthesised yolk

protefn in the 1iver but, even though proteins accumulated in the serus,
there was.no incorporation ke the ovary, If this case was similar to
the negative féedbuck proposed above, the.lack of gonadal 1ncnrpnrn:im|
of ‘yolk may have resulted from the absence'of a gonadotropin.
Hypophysectonised P. ‘americanus were used to examine the'separate
roles of estrogen and pituitary hormone on vitellogenesis in the liver

and in the gonad.

Oocyte Maturation. L4

The control of maturation of teleost oocytes has been attributed
to an action of the pituitary gland., Inhypophysectomised fish ovulation
¢1d not occur but’ 1f hypophysectomtsed Carassius auratus L. or . fossilia
were*injected vith luteinising hotmbne or ot b gonadotropin,
ovulation occurred (Yamazaki,1965; Sundararaj -and Goswami, 1966). The
use of gonadotropic and pituitary preparations to ‘induce oocyte maturation

and ovulation has been reviewed by Pickford and Atz (1957) and deVlaming

(1974). Recently workers have used partially purified teleost gonadotropins

{
L




to induce ovulation in’ teleosts™(Sinhia, 1971; Ishida, 1972; Kuo et al.,

1973; “Sundararaj and Anand, 1972; Sunddsgraj et al., 1972b) and Pandey

and Hoar (197)) used clomiphene citrate to casq release of pituitaryt
gonadotropin vith swsequent ovulation in . aura

When oocytes were incubated in vitro, gonadotropid\preparations

Wﬁﬂ?i tis bivae Jsgdan

latipes, Acipenser Gtaliztus Pallas, S.

induced maturation

and-Soyder, M. foss:

gairderii and Fsoz lueius L. (Kauamra and nn:muga, 1950; Kirschenblat)

1959; Hirdse, 1971; Gonchat:w. 1973 Jahb:n’. et al._, 1973; Jalabett ‘and

reton, 197A))ﬁ/

he effect on oa:ybes % of T \aumzuuas slight and
St on H. j‘oesblu oocytes was seen (Jnlabex‘t et al., 1973; Sundﬂrum}_\

1, 1972, 1974). -The different reactions of oocytes of ‘different

. fossilis. Later

pophysectomy. Several steroids

Sundararaj, 1971a, b, 1974;

et al., 1973; Jalabert and Brctun 19V)




fron species to species, a esis of copin ofa
e pirAEtaal aterota it aons. extva-goasdal ol (_suck as the
intertenal) accounts for the data fof C. cwvtis and #. fossilis and

in the other species maturationsl sieroids appear to be synthesised by
gonadal tissues. -

Schuetz (1974) reviewed work on the control of cocyte maturation -
in.amphibia and conclided that it supports a hypothesis in which pituitary
gonadotropin stinulates follicle cells| to synthesise a steroid o
induces the maturational processes in the oocytes. )

Maturation of anphibian ootytes in Vit has been induced using

2 ! ”
pituitary hormones (Schuetz, 1967a, 1967b; Brachet et al., 1970; Thornton,

‘1971; Alonzo-Bedate et al., 1971; Merriam, 1971; Schorderet-Slatkine,

Masui Mmm:«t@‘ demonstrate that the follicular cells *

. produce the hormone responsible for maturation of ococytes £rom Rana pipiens
Schreber. -His approach (and that used by Schubtz, 1967; Dettlaff and
Skoblina, 1969; Swith et al., 1968) was to descnstrate that the i vitro
effect of gonadotropins is no longer seen when the follicular layers are

redayed prior’ to whereas its ‘action on:

5.’ Thornton (1972) detected a maturation inducing substance

produced by BuYR bufo L. in response to a gonadotropin injection, using
-

in vitro maturation bloassay (Thornton, 1971). Snyder and Schuetz (1973)

demonstyated evidence for™a follicular steroid synthesis .associated with

cocyte maturation-and Wright (I991) showed that ovulation of R. pipiens *

oocytes in response to in vitro treatmdat with pituitary extract was

1971) 4nd with steroids (Chang and Witshi, 1955; Schuctz, 1967a,b; Thornton,

i




abolished by injection of the domor fish with cyanoketone, a 33

Yo of the
“induced maturation was seen. . S = ," Ao
Because H. fossilis and C. quratus appear to mediate control of

oocyte maturation via an extra-gonadal tissue, whilst in the other species -

tested the amphibian hypothesis of
appears acceptable, it was desirable to evaluate the two hypotheses in
P. anericims in order to help develop a theory on the contol of

‘maturation in teleosts

S
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s
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- - GENERAL MATERIALS AND METHODS
) N

Fish collected by divers, using hand nets, were transported from

Chapel's Cove, Conception Bay, to the Marine Sciences Research Laboratory

(60 km.) in at le: : 60 1 of°seawater., Precautions were: taken to ensure

adequate aeration {n’fhe varmer months and to avoid freezing in the
swinter. " i . ; . .
3 ; ©
At the Taboratory female fish (300 - 1500 g) were selectéd by
using a sealed beam latip (U.S. Divers Co.) to demonstrate the gonadal *
silhouette and kept in small- tanks of running seawater: (approximately
0.5 m deep, 1 m?) at a density of less than 20 fish/m’. These tanks were,

maintained at ambient seawater temperatures (-1.5°C in winter up to 15

* in'sdmmer) unless specifically stated.
.Blood Sampling

Blood samples were collected through 23 gduge needles in 15~ 5 nl.

" heparinized plastic syringes by a ventro-lateral approach widvay along the

Jbody toa caudal blond vessel in the haemal ,arch. The 1ced blood was . T E

centrifuged within a few hours and, plasma removed for freezing and transfer

to storage at -70°C.

Anaesthesia )

At tempe above 2°C was accoiplished by immersion

" of the fish 1n 4 1 of seawatér containing 0.5 guf (125 ppm) tricainemechane -

sulfonate (MS 222) (Kent L es). At colder 10




(250 pp) was used. nm.n; was mair by

l:onti.nmms 1mg.uen of the gills uung an ice chilled, recirculated

solution rrt/HS 322 (31 pow).

Gonad Blozll 4 U ' .

: Samples of gonad tissue.could be removed for observation from
the live animil: after light anaesthesia using a specially modified pair \
b ep— usually using a Silverman Biopsy needle (14" ga).
These tnstrunents were inserced through the urinary papilla of the |

'genual opening to gain access to the ovary.

uxgaghyaucmmy_ ' : o s i
The anaesthetized fish was placed on its :1g||: side (p-la side
upiazds) to expose the lover surface of the head. A 2-3 en skig incision
5

was madle from the opercular fiinge todard: the angle ‘of the Jaws ¢

. The fihrel of the adductor umﬂbulu were retracted and -unped from

3 the v_entnrluter;l surface of cranium where a facial nerve emerges.

rill ficfed with a"‘;ue: elght found burr was used to

_drill a hole 34 dm in dlaseter slightly anferior to the emergence of
thie nerve. © A pasteur ppette attached to'a vater aspirator was used to
xésive bone debigs and fluids Eom theérantal opents. Ao mgled probe

was inserted through this hole and thé optic nerves nnud.dnrsauy; the

_pituitary gland was drawn into sight and could'be aspirated. A check

for liypophysectony was made by noting: the disappearance ‘of the pituitary’

from the brain or by its appearance in the pipette.

“The wound was £1lled with Aurcomjein grease (Cyanamid of ‘Canada

Linited), when retraction was ‘rémoved-the muscle tissue resumed its
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normal position and Ethicon Plain Gut 000 was used to suture the skin .
. % s
wound, .t 8 wivy e -

Sham operated fish were subjected to identicél procedures -except

fluids were aspirated, Lhe pitultary remainmg undiscurhed.

Fish weré tagged el paghatel Faga (Floy Tag and nanufa?mng

Co.:Led. ) which were marked with the fish's weight, and placed back in

the seawater, tank’ for recovery.

Pxegaraninn of Pituitary Fractions b

Pituitary glands, colleéted from iced H. platessoides (up to.9

days post-mortem) at Bonavista Cold Storage, Fegmeuse, Newfoundland were

stored at-70°C till dsed. Purification was performed,at 4°
Fractionation techniques.vere based on Idler ¢t al. (1975).

28 gm of pitultaries collect®d in Septenber 1973 were homogenized with
',nz ml of a 40% ethanol, 0.5 M Txis;c‘l 0.9% NaCl, 10~ EDTA, 10744
dikhioth!eital (DTT) buffer, PH 7.8. After centrifuging a( 7 500 g, Ehe
yallae s #a-entiaseudiand, vhe final supernatant diluted with three
S ice cold ethanol, stirred and the precfp’ime alloved to
“setele. This precipitate was dissolyed in pH 7.4, 0.05 M sodiun phosphate,
containing 107% M DTT and dia;yAen{ against two changes of pi 7.4 0.05.1

sodium phosphate, 0.05 M Nacl, 10~ M DTT. After application to a

2.6 X 35 ca column of Con A ( Fihe Chemicals) the
cnlumn was flusl\ed with the atzcend phusphate buffer until the opcic’ul
Gensity 0 =280 ) of the eluste, collected by'a Fraction collector,

was reduced to 0.0l. Then the same buffer containing 0.2 M a-D fiethyl

that after the brain had been moved dorsally, only the debrts apd cranial




glucoside was used to displace the glycoprotein fraction (PGL) which was
concentrated by ultrafiltration (Amicon ;mu) to 10 ml.” S

A second glycoprotein fraction (PG2) was prepared from a.§ Y
of pitultaries collected from sexually mature fish during January 1974,
These picui[aties were ex:racted directly into 95 ul of pH 7.7 0. ()5
M Tris-cl, 0.5 M NaCl, 2 X 107" M DIT column buf(er and 140 ml of the
supernatant supplied to 0.9 X 25.cm colum of Con-A sepharuse, to separate

the glycoprotein and non-glycnprnteln fractions.
;

A third glycoprotein preparation (PG3) vas prepared from 50 gm
of pituitaries, collected during April 1972 and stored for two years at

~70°C; the.method was that used in .pxepia:i.ng PG2 but the glycoproptein

"fraction was separated on a 26 %3 + em; CoieA sepharnse column.

For a fnutth FeagaraELon 56 gaof ituitaies fron the same

f
_batch as those used to prepare PG 3 vere extrﬂ:r_ed \in a’sipilat manner.

_-Half of this extxnct was frozen it -70°C and zhe other half eubje:ted to .

affinity 2 on Con-A as des abﬂVE. The T
glycoprotein (PG4)” and Bon-glycoprotein (PNG4) Eractions were :oncentrated'
by ultrafiltration: (Anicon PMIO0)- fof use. After thawing, the “renitns’ of §

the extract was applied ‘to' Con-A sepharose and the ‘concentrated non-

glycoprotein fraction applied to a Sephadex G—75 column (BO X 5 em) for

elution with 0.5 M Tris-cl (p{ 7 7 at 25°C), 0 9% NaCl, 1 oM EDTA. 0T M

DTT. Part of the high molecular weight: fraction of thisweluate wis

sepatated, saved for recombination, and the remaindet of the sample *

concentrated by ul tafiltration (Amicon'PMI0) for appliuar_lan to apair 4
of Sephadex 675 columns (90°X 2.5 wm) arranged: 1 series. The protein

was eluted using the same- buffer and-§ ml fr'sc[iana collected..” A-protein




< 14

Figure 3
Hgtion profile of partial

non-glycoprotein on Seph-srx 675,

Optical density to-ultraviolet light (A % 280 na) ‘of

eluates from two 90 X 2.5 cm columns of Sephadex G-75

superfine when eluted with 0.05 M tris-cl, 0.9% HaCl,
1 uM EDTA, 107*-DTT buffer,
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. reduction of adrenosterore and partially purified by preparatlve thin

profile (Fig: 3) was prepared by measuring bptical density of the
fractions at a vavelength of 2?30 nm and tube contents combined to make

four samples for ‘injection. s oa s .

Steroid Preparations

1. 11 Ketotestosterone, . . s

“‘C—Labelled sterold was prepared from 1"c~cormone by the

method used by Idler At nZ. (1971). Eight nM of cnrtisnne were dissolved

i

in 250-ul of 507 aqueous acetic acid to which 24 mg of -sodium bismuthate
was added. . After 30 min shaking, the reaction. mixture was filtered
through a pasteur pipette plugged with glass wool ‘aid the residue washed

with 1 ml of distilled water. mo volumes of dichlorcmechana (CH,C1))

" ich et extERGE A prOMEE Erouiha filtzar_e. ‘lig-Adrenosterorie

was purified by paper chromatography (vashed, WhatmariNo. 1) in the i %

Heptane :benzene:70% methanol 1:1:1 (HBM 1i1:1). syatem,

14¢-11-Ketotestosterone was’ prepared-by red_uct}mn of adrenosterone
for 30 ain in 241 of a 0.5 mg/ul solution of sodiun borofydride fa 807
saueons tere-butaol, * THE wesstion wes stapyed by gddltion of seetie #
acid and water and the ‘sterold éxtracted with Gi,Cl,. Purification was '

achieved by paper chromatography in HEM'1:1:1. R

Radioinert 1l-ketotesterone was prepared by sodium borohydride

layer y-in ch. 'wate{ 90:10:1 on sllica gel,

)
- spread to a thickness of 0.5 mm (2F 23 Brinkaan Instrumenta) afcer .
desiccsr_lon ovet )0, 5% pyridine 1n acetic anhydride was used to forn |

11-ketotestosterone acetate.

The acetate was purified by preparative




i “chromatography on'silich gel using chloroform:95% ethanol 95:5.

"2. 17 208 progesterone-acetate, -

. & ' 500 mg of 17a-OH progesterone was- shaken with 45 mg sodium ' % B

borohydride in 60 ml of 80% aqueous tert-butanol for 50 mins 25 ml of

o 50% ‘acetic aoid was dsed to stop the reaction and the product ‘was®
extracted {nto 100 ml of cold CH,Cl,. The extract was washed, evaporated,

under “Z and the product crystallised from an ethanol:solution by addition

of water. 17a 208, progesterone was purified by preparative thin layer

P _/ chromatography in chloroforn:ethanol 10:90 (Fostier et ak., 1973).

174,208 Progesterone was acetylated for 17 hr, and the acetaté extracted

with CHy0L,. The acetate was purified by preparative chrltl;a/tayzphy tn

Cﬂzcgz:n»butyl ncn:nté 70:50. i b

3. 208’ Progesterone acetate.

25 pg of Zua-pwgeste:one was ucetylated with lcer.ic anhydride

and purified by thin layer chrcmamgraphy in CH,Clyn butyl acetate 7033
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BART A 'VITELLOGENESIS ¥ :

: ': INTRODUCTION & . T & =

_The préduczton of yolky cocytes involves a large accumulation of

AL (hu:luding 11p4d) 4n .the developiug gonad with a utiuzation G e el
stored materials. Tn an attempt to monitnt this ttansfer Btmples of &
fish were examined Icrphome:rlcully and an aﬁalysis 0] ‘rota1 fat m h f
L o4

uve:, u§n<< ‘ind musdle wefe made at eriifeal steges: of ‘the reproductive ;
: . . b

cycle. k . . .
* otn an isotope lnbeuing tethigue,  the action of estradiol in it
:\ALLM 5
.vitenogenesis, r 'slune or together with pituitary fractinn treat- - 3

ments m o i fen¥e P, ameri vas evaluated [T chis S

a roach the role of estndio’l in vitellogenesi_s can beexam!.ned in a

A and“anplilbia. ‘However; two partially purified fish gomadotropins shoied




. S19

this sctivity vhen.utilized by Sundarnraj et al. (Lgm b) fn hypophy-
sectontsed A, fosailis, Estradtiol treated, “hypophysectomised P. E
gmericqnus wu(e used to identif§’ a teleost pituitary protein £raction -

wihgeh 1s ca‘p‘a\:le o stinalatiog, yolk 11'\\corpoxntinn daico - the, gonad‘ 3

The?; pnuuarﬁ’prepamims Sistniets. progine by methods
currently in use for preparation cf figh pim:szy hormones- (Idler et ali;
1975). The glycoprotein prepaz‘stion ﬂad buen shayn to havé hinlngicul
5on§dotrppic effect whan inject:ed into hypnphysectmnised fish. - An

»attempt was made’ to Exqccionn:e the BO“TS}-YQO‘FX‘O:E’M fraction by gel-

and m yolk incorporation assay used to identify the - =

abieculie- weight range in which the factor, active in vitellogenesis,

is found. .

The compntative Vorkiof Nulla:e et al..(1966) and Jared aiid”

Willace (1968) suggests that the yolk nf flsh eggs s bas!ully sinilar

to" that isolated fron’ a.mphlhixn of avian sources.. * Plack &t al.. (1971)

w d the extraction metho‘d developed by Jhreﬂ and_Vallace (1968). to .

prepsra snlutlnns of ltpovitelitn and phosvitin, -the o’ major yolk

pruteins from teléost oocytes; This. method vas emplqyed 1n £l

“present
*study with the substitution of dialysis for the dilutiori-precipytation
step. Auirante (1972) used dialysis to precipicate yolk from sdrun of

5. gairdnerii

ut noted that precipitation(vas incomplete, - In /the present

work it'was found that serum vitellogenin'dould’be precipitated by

dialysis.against distilled water only, in the presence of EDTA. -
The yolk protein, phosvitin, when isolated from fish eggs’has a
phosphorus content-of approximately 10%° (Wallace' et al., 1966; Mado and

Lipwann, ‘1966; Ito ‘et al., 1966 and Schmidt et aZ.;,1965). “Hano and




Lipnann (1966) found that the total phosphoprotein phosphorus in roe of

five species of fish ranged from 0,02% to 0.12% of wet weight. Wallace

and Jared (1969) shoved that 80% of the yolk protéin phosphorus of X.
laevis was in the yolk/pmmn phosvitin. Because of the extremely high
phosphorus content: of this jolk material 14333?0A was chosen as the

isotope for use in thi} work.

4 " | MATERIALS AND METHODS .
In’1972 six samples of ‘£ish caught ‘at Tocations within 60 kn of
the \aboratory vere autopsied affer being held, unfed, at the laboratory,

£or three or four days and in 1973 one further group was examined. The

_ yeights of whole £ish, livers and gonads were taken and samples of these

tissues and of upper mid-lateral muscle were weighjérlnr to drying in -

an oven at 90°C to determine tissue water content.” Further samples weré

“placed in cans, autoclaved, flush&d with N, and ‘sealed for storage at
toni EeNTRERLIRE,

Yy e assay. Prior to assay the canned tissues were,frozen.to
facilitate handling. Three aliquots of 2-7 g weight of each finely '
o e e e vere added to 20 ml of freshly distilled '

(THE) tn 40 o1 tubes and placed on a éuchle:

cscillatcry shaker (AO-SO cpn). for two hr. Aftex five nidn. of low speed
centﬂfugation thﬂ supematunc was, poured thmugh glass uonl into a

. tared vial and che pellet was ex:racted twice more with 20 wl of TF for

- one hr each time. -Solvent was evaporated fron the extract vial eich titie

‘dna wam water bath under. nltrogen (N—evap, Organomation Asscciac(on).

The solvent fiee extract vas held 4n an evacuuted desiccator ovér P,0¢

77
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for ‘at least three days prior to weighing.
? ‘. Fat contents were calculated as percentage of wet and dry weights.
The absoluce amount of tissue 1ipld (sg/g of elsh) after correction for s i
the size of the fish 1s calculared from - ! i

%:11pid of wet tissue X organ uexghc X 10/body weight.

Selected comparisons were made by t-test.

a8d Pituitary” s .

Role of
in Vitellogenesis i . F
1. Experiment I, October-1973. . * . 3

Three weeks after operation six sham and 14 hypophysectomised

- Fish were given an intraperitoneal injection of 1,330, and J-leucihe

in saline at 2.0 i;c/kg/o.s ml on dayil. Six of the hypophysectomised and
the six sham £ish were injected om:e, il\tramusculatly, with peanut oil ac. N

0.5 nl/kg, and the elght estradiol- -mm\obenzonte treated fish received

sinildr injections of ol containing the steroid dissolved at 3 mg/il on
day one and day three. On days three to six four estradiol treated fish

received 0.5 ml/kg intraperitoneal injections of-5 mg/ul albumen in . :

saline as a comtrol, whilst four fish received an injection of plaice -

“glyeoprotein (= 13 glands/100 g body weight).

Cne week after the start of tnjections all the £ b vere bied'
with nop-heparinized syrlnges. Saupieso o G ssdtiveriresos <5, 2, |
(and aliquots. taken for deternination of dry weights). Duplicate crude P

Yol protein preparations were sade at 4°C by, homogenizing 56 § of

liver or gunad with four tines its wedght of culd 0.5 M Nacl cnntainil\g 4

© 5 mM EDTA (Plack»et al., ].971). The homogenate was centxifuged at =




et ZZ‘
100 000 g (IEC B-60) for 1.5 hr; a portion of the supematant was-re- -
centrifuged under the same conditions and a 15 ml aliquot taken for *
Hialjite, Abouli0iug ob'a cinia FOIk, jrepased e P, awdslaiis
gonads, was added to sera to ‘im‘.reue the size of the yolk precipitate.
Sera.were cencrifuged at 100 000 g, then an aliquot was taken for

dialysis. 3 - Ca

Dialysis bags were prepared by boiling in distilled H,0 containing.

10 ng EDTA/L followed by several rinses in cold distilled water. Tissue

and Serun preparations were dialysed against at least ten volumes of .,

distilled vater at 4°C for at least 24 hr; 0.2 gm EDTA/1 was used when
serum - dalysed. The precipitate of cridle yolk was rinded from the
dinlysis bag with dlsulud water iato a scintillation vial. The:vial
was. Lightly centrifugud at 2 000 zpm for 15 min and the aupemunt
‘aspirated off. The precipitate vas ringed with atitied water, re-

and after aspiy of the vashitngs, vas to

Protosol (New England Nuclesr)-digestion at 50°C until the precipitate
was completely “dissolved. The solution in the vial ¥as neutralised with

glacial dcetic actd, and Auasol scintfllator vis-added before\couting *

in a Packard 2003, 2425 or 3375 Seintillation_ Counter.. J
* The counts obtained were corrected for efficiency using external - -

amndard zation ant 339 counts] vere ldjulted ‘to allow for radicictive

decay since the. delth of the. £1gh. - Disintegrations. per minute per gram -

fpsae® na 5 between

wet welght were
+ were made by two lnval nested maly!in uf vnrilnel or by lenst significant

diffuem:e (Sokul ll\d Rohlf, 1969).

e




Exprhlent 11, February 1974. . - -
» vhlce glycoprotetn was prepared from pxmumu taken from
£1sh which had been selected as adults. 2. americanus pitultary extract
as made-fn the Tris-NaCl bufer, £rom pituitaries collected from 75
vitellogenic fish brought to the laboratory. ALl fish received intra-
peritoneal injecuonl of 2uC/100 g Hy 331>o 16 days after aperadma und

further lnju:r.lnn vere made dccording to I’Ible : |

On ‘the l:vuu_:ty—:hitd iy iftir ROt i iiale: e IVl

and samples taken as in.Experiment I. _ Sera'were treated
¥ N -,

before but

the yolk ‘precipitate was fot waslhied after centrifugatitnj Two to three

g of Frozen Livers or gopads.were honogentsed ‘thoroughly vith 10'al of

Ehe'yolk extractidn buffer and centrifuged at 50 000 g for 45 min

(Sorvall RCZB). About 9 ul of supernatants were decanted into ultra~ -

Centrifuge tubes and the extracts centrifuged at 100 000 g for 1.5 hr.

Six or eight nl of the supernatants were dialysed and the precipitate’s,

centrifuged fn seintillation vials, vere redfssolved in 3 al of yolk ~

extraction buffer. Fifteenal of Aquasol vere added and after thordugh )

mixing 33p vas comud.

:xpemem 11, Sepmbe:‘mu.

= ~After oparations the fish:vere held at 9°C(3°C below asbleat)
for biven days to aid survivil of post opwational stiess, For tha 23
days “betiecn operation and injeétion (Table 2); che Fish vere maintaided

1n an mduur tank with constant ill\minudon.

Duxmg prepuﬂtiun, (h&yolk ex:ucu were, ﬂialyned agam: two

chnnues of at leaaf ten volu-uu of distiued vater.

=




(ud ae:-!.iﬁ «3 uoRIvwA 5-...33!1-.5.. D!ﬁ:«n wuu-: 3

a3 B , @ 82.3-«» 33 woriex ufeie1dodd 18 b.z?:.. uu«q: : " <

TosgT ?a 35 -!iﬁ vE"0 o :i:xu &xe3tnazd u-uﬂa.ﬂ - s
o%9 Asu ooﬁ\%ﬁ._m Z nv “JogaIxe »ucu.:_:m uoﬂ-.:_ w 9 |

ov . - ¥,

: o i

! : j: ¢

2 ov..mﬂm” 53..: suoTasefur T ; e o

o+ '6T pue g1 Z ‘o1 !«um ¢ ,. Zoi Atyep ‘11
) e . &




R

" |=8 ooT/ure303d

siofa0afur Atrea,

uot3oe fur Mm«uﬂnw 5

* 41981ng.

. . <
31019 - e_a 8:%:«% R j e ° .
. _snuﬂu imuouneuiwé: &xeapnad uu«mﬂﬂ " . LF e

e " 319 (ud cs\ﬁiﬂm S «V z ”, 3 .
u0TIoE13 Ue301d0dATE AIeafnard @sferd|c ., ' W 9
- i i W | (84/8m ¢*1) TTo upTorPEXIS|PostmOIdasAYdodAn| (¢
o J - . & s N ’
. R 1333ng 9ppsoonTs TAyiew g-o| . . 2 1o weyg| §
e s & i *

.mcoﬂmuauo P33R (7 pUe 9 mN i 2 2z skep uo m&guuai 11 unuiuueﬂﬂunmﬁmwﬁ s

-




Experizent 1V, November 1974, ‘ 5

Fish were allowed to recavu after hypophy-ec:ol;y at gmbient ses.

water temperatures (6-6.5° C) fnr 10 days, then the temperature was raised

. to 8-9°C for the remaining 16 days and during treatments to stimulate
3 Pl

metabolic activity. Preparation of the pituitary fractions for injection

took ten days. The élution profile (0D,g,) Of the.non-glycoprotein

Fractionation from Sephadex G-75 is shown in Figure 3. - The extract in

the fraction collector tubes was pooled to give four fractions with
molecular weights of approximately; > 80 000 (8, 35 000 to 80 000 (B),

25 000 ;u 35 000 (C) and 15 000 to 25 000 (D). The volume of ;'ach

fractinn was adjus[ed hy cancmttation or dilution with buffer to 100 ml

sp, that 1 ml af each fn.cl:xan‘ of

28 picuitacy glands. Al fish received 'a single 1n:rmiscuur xnjeczxon'
0f.1.5 ng estradiol benzoate/kg and six daily xnjecmms of the pituitary -

fractions (= 6 glands/100 gm) or an equivalent amouat of buffer as
ebntrol. . : ' :

Preparation of yolk extracts, counting’and data processing vas : =

similar to that already described.

RESULTS

" ~" The- gonad weights of fish in the A..;uu sampte vere significantly.

{r <*0.01) greater than in the spent fieh nﬁvled tn‘ July. This' diffetem:e

5 not due to an im:nrporutian o( fat since there h no uignliiun[ ¥
difference in gonad :otal Ee[/gm between” these xtoups (ngures 4 and 5).

A signiﬁcun: diffgrqneg ('P' < 0 01) between liver veights in fiah ol

Lhese gmups may ‘be nnnocinted vlth tl\e Lnldutmn of vil:ellugenuii since




\

« Figure 4

Hean gonsdnsumann (gonad wexgh:/mtnl body vemhc) and mean
hepatosomatic (liver weight/total body weight) indices; The'
relative sizes 6f gonads and, liver in groips of fish
* examified during various phases .of reproduction.

» Numbers in pafentheses = number.of fish;
T :nnfidmce intervau = one. s:andard :rror).

Gonad or Liver .weighi /total body weight.
" p -

o

o,

-0



. B e N
e 28
ko
- T
v P . .
w
Y 020
; H
o : #
z i #
s
s H
x
S 048 !
3 ;
. 3
g
) and mear ; 5
ices, The ” t o
 fish S 010
fon, e
o >
. -
g H
; =
. 3.
2005
b
o
2
5
G
JuL
S Spawned
P 5 3 7
¢ : .mnry
. :
,1,; \\-




. Mean.
concentration

Figure s e

jues : mg/g total body weight. The relative

during various phases of reproduction. -
(Mumbers in'parentheses ‘= number of fish, ’

" ‘confidence intervals = one standard error),

and liver of fish examined |
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the aifference s greater than that between fish fn the June and July
sinpiib s e eTeveR fsh taugl\t 1 ispatts ore 1n até-pugist '
concathed ten antaals fron which a biopiy sample of eggs shoved that

vitellageneﬂis has s:ux[:d,

Insuf ficient data is preaem:ed here to clarify. ine chnnges whic)
may occur during an ‘annual cycle vithin a single population of fish.
Hovever there s a significant difference @ <o 01) in'nuscle fat
(Table 3) between February and,June, in'Fish cuptured at (R’:apel‘u Cove,
which.may.represent utilization ef “fat’ during, vinter aturvn:hn.

‘The 2.1 ng/g difference (P <”0.05) in total liver £at (Figure 5)

betveen t'ish 4n.October md. February samples ia not sufficient o accout

for the 4. 7mg/gd1fierencebetueen the. gomda of these £eh, P anerioanus
bcginﬂ wintet starvation during October go that the material deposited

4n the gonad during early winter ds produced by mobilization of reserves

fron some storage tissue. The present results do not indicate that the

muscle reprasen:s ‘this store.
“An increase (P < . 001) in incomnratian’nf Hy 331'0 into a yolk
Fraction of 11ver was. seen when hypophyscctomised fish vere treated with

s mjé::m:; of 1,5 mg/kg estradiol benzoate at the starc of the

viteliogentc ueaaun b ; vxg'um 6, Ex 1. ‘No
stasiotically significant effect :nuld Vo deiboiattatii by ai Snale aEk
1njecuan at an earlier (SeptembEr) or lntet (Fehmary) part. nf the

season. Because of ex futal variabilify the s on of

3H-leuctne lnto this fraction did not demonstrate.any significant effects

due.to estradtol treatment, - No effects, on H,%P0, incorporation fnto

*liver yolk extract, dde to treatment of hypophysectomised £1sh with

:




B ’ .
o S
, 8
i B i
= . By ~
‘

) @ @ - . [T ® @
" .ﬂ.. F SET SFL8 9.¥ SET. 7F ..naﬁ4 W ¥ 8 M.TM WL
&g sunp Kawnageg Taquesey . 10q0350 asngny .

S(UsFF o 19qunu = W

*10119 pivpuels

-*(porap) afosnm jo'8/prdyT Su

€ 31EVL

T U




Figure -6

Mean dlsint!grltlonn per minute H, 33?0 incorporated
nto yolk fraction/g of ‘livef.
Rndiuactivicy incorporated into the material extracted ®

1sh

s yolk from 1 g of liver from 3
under experimental treatments.
Number in parentheses = -number of fish,
confiderice interval = one standard error). 3
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pitittary Fractions have heen seen (thu:e 6). even 1€ the £1sh recelved
an. estradiol injection in addition. _
“Mnalysis of a serun labelled yolk precipitate has demonstrated

that -estradiol treated, fish cnry more Gf this

saterial in the serun than do sham injected £ah (P < 0.01, Figure 7,

Bxperiment II). The -content :of 1abelled seruri yolk protein of estradiol
' injected fish after tredtment yith \nm—glyca.protetn pituitary exim{:.
vas signif!cantly Tover (P < 0.01) than that seen after elycoproteis

extract . In exper IV it vas | " that :his serun _

yolk decieasing property was contained in fraction C of the pltuitary
non-glycoprotein (H,W. 25-35 090), LI R o E
At the gonad, hypophysectomy results in a reduced isotope

,gncoxp'ara:ian into yolk (Figure 8, Experiment T). This effect is partially

{ < 0.05) corrected by tregtment with vqr;aus,pizuizg:y preparations
(Pigure 8, Experimem: II). Some increase in the 1nc_orporgcinn of uf’yoh
has been seen due to ebtradiol treatment of hypophysectonised Hsh buc
Lhis incorporation was stimulated further by pituitary glycoprutein and
non-glycoprotein_ Fractions (2 < 0.05, Fignra 8, Experiment IID). The

. increased 1n:n(paratlun was greater’ (P < 0.01) into the ‘gonad yolk fraction
of the £ish which had been injected with the pituitary non-glycoprotein \
preparation than the glycoprotein treated fisfi.  ien the non-glycoprotein
pituitary extract vas subjected to chromatograghy, fraction C was: the only

fracl:ion found to sti.mulam. (P < D 05) “this yolt:ncotpnmtian (Flgure 8,

Experiment 1V). . Y

The rate of naﬂro 1l\curporatlan into ,m gonad yulk extract of -

sham operated fish was less in experiment III l;han -in experiment I, even
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+ Mean aum.mu.m per. minute H;33P0 incorporated +
into yolk fractdon/al of'serut.
I-dhm:uvity incorporated into the material cxtruwl
as yolk from 1 ml of serun from fish.-
under experimental treatments. ..
(Nisbers i parentheses = number of fish,
confidence intervals = one standard error).
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vean dbin(unttnnl per minute H 33P0, -
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- difference in response betweén-different experiments. : - o . 5
-crmughnuz the e perimant The ratio of isotope ‘incorporation seems to

(Figure 9) of hypuphysectummed f1sh were lwer thnn "t xham epeta[ed -

though the respﬂnses to estradial and pituitary ftautiuﬂ ['teatmen:s are | - -

simllar Incorpuration nf Hy 33Po into gonad yolk in response to,

estradiol stimulation is siilar in the experinents performed in earlyu

vitellogenesis (I, T1T and IV), however in the livet there is considekable.

Tn ex 131 was “{ntd yolk fractions

1.7 cings more than H,33P0,, this ratio beirg aﬁpxgxﬂ.mtﬂy constant

be more than el as high in the gonad-of shas operated ﬂsh (rable 4) : :

A the conclusion n(‘ the, experinents the gonadosonstle indiges £ OB

fish® Treatment of “hypopl d Edsh with e 1 () x e 1

and 115) fails to dncretse £ C. L signifx::n\tly but an effect was I . !

SEsE e TRt SN non 1yc puuum e e

fraction C of this extract (:axpermem hasd snd V) to restore G.S.I. [ ... |
to values nearer those shown by sham'operdted fish.

Data from the experimerits early in the vitellogenic phase shous

lover hepatosomatic {ndices in shim operated antnals then fo hypophy-

sectomised fish ® 20,05, P < 0. 001, Figure: 10, Expetimer\r.s I nnd 111)

“The effectof estradiol uypeared to increase the wedght of. the'Lver .

@ <0. um Dcparimenl: 1) and no effects due to treatment with the %
pituitary fractions? alone or in additionto espradiol, vere seen.
No significnnt effects of treatment on water cqntent of 11vers

or gonads were observed; no check was made in the case of PNG treataents.
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& Hap-tn-umnc index’ (liver. uu.;h:lmul hody weight), ¥

iy * munm « K% R

‘The relative liver weights of fish under vnrlnun
© “experimental treatments. -
(Numbers in°parentheses = number of " !llh. &
confidence interval = ofe standard- error).-
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) DISCUSSION

1 Ghanges' During Vitellogenesis

Lipid analysis of ovaries frnm P mnex'tmmus shows little con-

centration chinge during vitéllogenesis (m1= 3), hawever due to the
grovth of the ovaries during this pertod there 1o o aceumlation of a
{arge anount: of £at {n the organ (Flgure 5), Sintlarly Lusk (1969) and
shatunoysky (1971) found that there waa {ittle change dn the percentage
content of fat-in the ‘gonads of Salmo trutta fario L. and Gadue p—
‘callarias (L.) during vitellogenedis. However Jafr{ (1968) and Lapin . ' o .
(1973) showed considerable changes in thia concentrstion at the start
of vitellogenesis in Girrhing mrigala (Ham) and Platichthys flesus
bogdanovi (Sandberg) ovardes.’ Shatunovsky (I971) developed an. energy
model for female G.morfiua in which 60% of liver lipid reserves and 53%

of body protein are mobilised during the period of starvation and "

vitellogenesis. Yolk deposition in the ‘gonad led to an increase in their
calorific value from 47 to 36% of the total body value. This mass » 2 S

accunulation is similar'to that demonstrated in P, americanus when

gonados.umazic' indices increase from 4% to 17% during vitellogenesis.

Whereas in male Gobiua paganellus Gnelin liver lipid concentritions

slightly in a with but the

‘large l1pid accumulation during the rest of the annual cycle resulted 1n a
net increase in liver lipid during the 14fe of the fish, in fsmal.ee the

decreasg in liver lipid associated vi[h !epxoducdol\ ls much grea:zr and no

‘net increase with age \gss seen (Schul'man, 1967). This ‘difference between

the ‘sexes probably represents the utilization of. liver stores during
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" - 1 %
vitellogenesis. This work and the investigations on C, mrigala and P,
flesus and the data on P. américanus all provide evidence ‘that there is a.

. marked depletion of liver 11pid reserves during the périod of vitellogenesis.

The role of muscle 1ipid stores is not so clear. Jafrd (1968)

- doted -that the fat stores in visceral mesenteries of C. mrigala were

utilized during this pariod but that the fat wntent of the fody . o °

Silagiizativa appeared to'increase; also, the decrease in muscle fat shown

by Lusk (1969) for 5. trutta occuts aftér the spmmg period and 1is more

Ukely to be due to wi.nte\x s:arvation. 'l‘hf fluctuations’ in mllscle fat

content in Platichthys flesis (Lapin; 1973) are excrenely omall as are’

those séen in Pseudopleuronectes amemaanus._ However, the fat reserves
demonstrated in muscle of P, flesus ‘are only one quarter of those seen in
P, americanis, so that a slight decrease, in the concentration of this

1ipid reserve in the latter fish could provide large amounts of material

for the vitellogenic processes. lo changes in muscle 1ipid :an:encntion .

which can be asnucia(ed with vitellogenesis have been seen but cacaboliam of ,
muscla tissues would also provide material inr use in vitellogenesis.

McKinnon (1972) showed a depletion of energy reserves and a loss of body

weight in A, platessoides during winter starvation. Approximately 204

of this energy was accumulated in the gonads. Starved P. americanus

‘held at this laboratory from November until April exhiblt a 3 to 12% loss
Y .
of body weight. . If these changes were due to catabolism of muscle tissues

considerable amounts of energy reserves would be made available for meta-

bolic inéluding. vitell is. Field observations show that
the eviscerated body weight of fish of the same length is -approximately

10% lower in February than ‘September (Fletcher,.pers, comm.).




i - T s .
Physiological changes'in plasha constituents have often l;e:.u. K
soctated with the Vitellogenic process. Takashima et al. (1971) ;

uggested that elevated levels of triglycerides and frée fatty acidd in.
ver and plasma were part Of a mechanism to mobilize these products k
nto the blood for transport to the groving oocytes of 5. gainderii.”
ese findings could be accownted for if body 1ipid reserves were -

bilized to the liver for synthesis into yolk material.’ Estrogens,

hich have been iuplfcated in a central role in vitellogenesis; have

een used to induce similar‘effects. Ho and Vanstone (1961) stimulatéd

i incresse in .plasma lipid using esmdinl—penzéa:e in Oncarhym:‘hus ;lerka

‘albaum and Takashima et al. (1972) uséd Adiéthyl stilbesterol to induce an

werdase in plasma lipid and llpnpru‘r_ein in 8. gairdnerii, This Latter

increase vas - suppressed hen flsh were treated with mimalian thyroid

powder. The contrasting vork of Mnick (1971) was' unsble to show any

effect on serun free fatty acids after treatment of (. auratus with

estradiol, thyroxine, thyroid st‘imulnting hormone or mammalian gonadotropin.
It is ‘mot known whether lipid materials are directly accumulated

in the oocytes of uhether the gonad 1ipid accumilation is in the fora of .

1ipoprotein yolk, I'::wcnld,appear that estrogens may be capable of .

Wobtlizing the body 1ipid reserves as triglycerides or ‘free fatty aclds

and inducing the synthesis of this material as lipoprotein for trarsfer .

to oocytes.

Effect of Hy on_Vitell 1

. The present work has shown (Figure 8) a dramatic effect due to

on the of labelled yolk fraction in the

gonads. The effact of hypophysectomy on vitellogenesis of P. platesta .
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(barr, 1963). C.auratus (amazaki, 1965), Couevixa plimbeus Agassiz .
v(:A‘haun_, 1966), and H. fossilis «(Sundararaj and Coswami, 1968) was to
nrre;t development of yolky oocytes Aam‘l induce gnnad;ﬂ.. régresmn: ‘Mo
significant effects of hy_puphyéecmmy o livar of sdrwlabelled yolk = ° i
eEaRE oA BTN P GRAlaEHE "THe QitE bigEeE (Figures 6 and 7) A. /' ’
liowevei thak swaller BuoGsEs O 'raqgoacfxvicy aré found in both. these
fractions in hypophyséctontsed: antuals; this would occur 1f hypophysectony
resulted in cessatton of synthésis of yolk material ‘in the livea

In the first experiment, a hlgher 3}(/33? isotoye ratio was Eaund
Lh the.yolk extracted fron the:gonads of sham operated fish than in those -
of fish which were hypophysectouised and treaced vith fomones, Wallace
et al. (1972) found no evmnce for direct mcorpurntiun of Na, H“Pu or
Ii-Leucine dnco yolk material of X, Lasvis oocytes, They demonstrated -

in vitro uptake of isotope labelled yolk into bocytes and propose that -

partial jorylation occurs durd P of vitellogentn'

to form lipovitellin am{ phosvitin, The' Approxlmetely constaiit ratio

agen inall entraces 1n this ‘experinent (Table 4) suggest that' che "material

/ found 4n the three body compar:wama of "hypophysectomised b, anericanus

is sinflar but, in the intact Fish during active absorption of yolk -

" material from the blood stream, some dephosphorylation may occur. No

.\double fsotope labelling experiments have been attémpted using the non- |

T e g 8 pituitary

Function of -in Vitel

females'

The liver of vE e P,

“estradiol treacment by an elefated incorporation o radiosctivity. into

the yolk containdng preparation, except in the exportment performed at
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the end of vitellogenesis at cold water c'mpemmes. The 1labelled yolk
fraction of serum vas increased by this treatment but: 1o significant effect

of estradiol treatnenc on the cwncelltrﬂ[inn of ‘this labelled fraction in

soisls wansihosa; Themesdina support a hypothests that yolk materidl is

synthesised by the liver under the influence of estradiol, and that this

matertal 1s passed'into the blood stream where it accunuiates. "

Estmgens ‘have beeri shown to have functions in fish which are
prohahly related - ta vitellogenesis' (p.” 2). Plack et al. (1971) assayed
the e;:txadial-lndu:ed appearance of yolk protein in>the plasma and tissues
of G. mdrhuq. Theit data, and earlier work (Plack and Pric;:hard, 1968;
Woodhead, 1969 and Plack and F:azer, 1971), ‘establidhed i involvement

of es:radlnl in ynlk formation. No incer[wracion of yolk into nvsries =

was seen in estradiol stimulated immature G. morhua which is slmilar Lc

the results {n hypophysectoniséd P: americanus. Egami (1954) and Egami

and Tshid (1962) found that estradtol infection into maturing 0, latipes -
o K. anduillicaudatub nhibited gonadal growth. This ishtbitory effec
could beEaoved by sinultaieous injection of frog pituttary éxtract

Hhi:}.\, suggests that the estradiol Lihibition of gonadal growth occurred T
because of a negative Feedback inhtbitdon of release of pltultary gonado-

tropin. Sundararaj and‘c;aua.iai (1968) found that estradiol was effective

at slowing the onset of gonadal atresia after hypophysectony in #. fossilis

Jbut in an inr.act £ish the results were similar to thase of Egml (1954)

and Bgaml and Ishii (1962), and histological exanination of-the pLzuttary
glands - ul these fish shoued a decrease 1in basophilic nells which may be % ¥

evidence for negative ieerlhack. Anand ‘and Sundararaj . (1974) prapasa-t.hnt
i

the partial mafntenance -effected by estradiol may be due to ihibition of




1ysosonal activity. There was no direct evidence for this, but in.the
present study no direct stimulatory effects of estradiol on gondd gmw:h
vere demunsr.rnted.

Hackay (1973) shiowed s of vitelld das as dadi a

by gonadosomatic index, by several steroids.including estrone .in . gal

which vas sintlar to that fond when the fish were treated ith, Nathallibure,
a substance ultich is presumed to blnck relesse of pf,cuimy gonadotropins,

‘Estrogens have been tentatlvely ;ldentified 1|| the nvlries ot body

fluids of teleosts on severil occasions Coson, 1972). Eonatue agi1)
H
Gl prepared extracts of the vitellogenic ovarieh of . anericous vhich were

shown, by mouse bionsnny, to contaid estrogens.

. " Extensive work on estrogen stimulation of liveF yolk synthesis has |

been performed in amphibia. Yolletc and Hedshaw (1968) found that estradiol’
g g o

I treated X laevis accumulated vast quantities of vitellogenin in theif .
E plasta, Estradiol induction of vizeilngenin synthegis has been found by

Hallace nnd Jared (1968, 1969), Dolph!n et al. (1971), Clemens and Lnfthcuu

i (1972), Wittliff and Kenney. (1972) and Zelson and Wittliff (1973)., Bergmk

et al. (1974) reviewed and =Kam1.ned a similar, aystem in hixds. Redshaw et

grew al. (1%9) exumined the Bpe:ific!:y of steroids on the liver Vitellugenic

e synthesip and found that estrndiol and estrane vere poverful vitellogenic

agents, but testosterone, progesterone, OF cortisone were Lneffgr.[ive.«

Hittliff and Zelson (1974) found that corliaul. prngesl:grone and tsutos:amne

were not effective. The estrudiul—iﬂduced hepatic fnrmnl:ion of, yalk in

P. anericanué appearsito besinilar to that which these workers hate shown

in amphibia, /.0 T L ¥R . s :

The hepncusmﬁatic index of sham operated fish was lower at the end




ey

“avsl3 sesining fro estradiol atimulation in X. laevig, occur begause,

£ the experiments which might be ‘expected undér conditionsof starvation
hen tife sham £ish’are thé orily ones in whichvitellogenesis continues
o utilize liver stores. The estradivl-induced incresse in the hepato-

omatic index seen 1@ T P, :m been found by

ther wnrkers. Xobhyashi’ (1953) found that estronié pallet inylantntiun
esulted in an incregse dn the velght of livers n M. anguitlicaudatus,

Egami (1955) used estrone to damwnstnte an 1ncresse 1in liver veight in.

le and female (7 Zampf!a “and qutn (19}6) ahtuinerl si.milar results for L

otn sexes of G, acui eatua. Such “an effent "cuuld he xhe result nf

1 changés lwhich are flcilil;u:e yolk protein

synthesis. : Kobayashi_ (1953) ~an4 Egani (1955) ahowed an’ estrngen induced

structural  feminzat fon of male livera .nﬁ Tahit (1971) desonstrated

higher hepatdsonatic: indices in vitéllogenic @ yRuka than those foiind 1

imnature females'or males. - This mozpholagical difference was usudlaled

o g S 2} .
with histological and al diff s which o ‘the:

vitellogenic Fiver tobe an active organ of protein synthesis.

Bffect of Picuitary and Other Madan‘agiu st -
. :

Freparations on Vitellogeneais .-
* ' Extenstve work in amphibla on thwle/i gunndu:rcpiﬂ!, Lo ot -

in addition’ to esfradicl ‘treatnent, in vicellagenesi.s auggesta :ha: o :yte

yolk incorporation occurs indently of the gen 2 Naphthc

oythests and responds to gonadatropicstimylation. Vll].ace g ot o

(1968) and Follet ot ali (1968) suggested chac the high serm vitellogenh\ .

iegat ive feedback'by" eatiadiol, inhibits release of pmmary gmudor.rnyin

Vhich in turn leads €08 ussacm of yolk uguke by g oodyte. Stal
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effects of estradiol treatment in.the absence,of pifuttary hormones have

been reviewed in.the previous section and are seen in this work-with P,

anericanus (Figure 8). M horionic fopin (HCG)

complete vitellogenesis with development’ of yolky cocytes in female X.
iacvis (Wallace and Jared, 1968), and Srmatae Gty with estradiol
and follicle stimulating hormone’ (FSH) results in accumulation of -
Vvitellogenic materdal into oocytes but no accumulation was seen in
plasua- (Follett et al., 1968). Wallace and Dumont (1968) found nm -
estradiol plus Hee produced a similar effest. . Emersen and Kjaer )
(1974) used hypophysectomlsed female Bufo bufo bufo L. to show that
estradiol treatment caused an AeEGRBLAEOR L vitellogenin' in serutiy
additional HCG administration de;resud';heee levels and; a<éto|.!p of ”
vi:ellogeni.c oocytes appeared in the gonad. Tre\}‘nm;: wi’:h HCG'{h the',
nbsence! of estradiol was capahle af stimilating growth of vitellngenic
nncytes. wlthnut inducing the axtremely nigh servm levels of vi(ellogenin

seen after estradiol smmlamn, preaunmbly ings the HCG-stitulated

oocytes ate npable of l:learing it from the circulation. In Ux.tm studiea

(Ja-red and Hallace, 1969; Héllar:e et al., 1970; Wallace, 19723 Wallace

and Bergink, 1974). haye shown that oocytes taken from ananisal which

teceived a HCC injection 24 hr earlier v111 actively " nccumlnte labelled

vitellogeninin culture. "No direct effect of HCG treatment jn uLtm can_

be induced So the direct action of.these treatments is not. cleauy
% i L R \
understoqd, . I R

- . B B > : o8y i
In P. wiericas whole pityitary extracts and pituitary fractions

stimulated incorporation of lsbel into tiie gcl\ad yolk fractlm\. Vhen the

pituitary g vere tested in

Y
%

e
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estradiol injected fish,s o significant ¢ffect on labelled gonad yolk

concentxation was pmduc&d with me glycoprﬂtein. Hnwever, trextmhr_

with: the nun-giycopm:em fPaction resulted in higher cnncentradnl\s of

labelled yolk ni“me gonads: which su'ggest that the tm:m stimlates

wptgice ot the estradm-mduced llver-sym:hexi:ed yoik an the ooytes..

The glycnproceln fraction used ‘in this. expetlmenz was ﬁrepnred

[

glycopmt ein fraction which vas effemve as & gonadocropin 1n- 1nduc1ng 2

i : “in the vi[elleganic role that has been emns:xated For mamnlian gonsdo-

tropins in amphlhia, but that another. pituitary mmon is .(mpllcatcd-

In, severat teleost specles hé T

of mamnlian gmadntrnpic o

pleparatinns in stimulali.n vitell,ogenesia h

"been ces:ed um. wuying /

xesulcs * Moller: Chtisten

m et. al (1958) lnduced pre:ocious vitellugenlc

gruwth n Ang'nfi{a anguilla L, usmg Hee. !oger.hér with an ipjection Gf

. exthsr hexaes.:rnl (a synthetic es:ragen) or estradiol dipropiona‘te Np
“Such effect was seen fter Lr!amer\c with heioestrol snd ntex 1eo, a non-
S " chorfontc mammallnn gunadatropin. Simuar results veré found when Ochni

ot ar. (197&) uséd estrzdlol diprnpiona(e injectdon with an amount of b

mmmalian gonadotrapin (Synahnri,n = human chnrianlc gonadotropin plus

! & anzerinr plcui(ary excrac:), wm:h in itsel was’ not. stimulutory, ;n .

/huu’l-llu japonica Tenminck and SChlngel. The hypnphysec:cmy-induced om:xte
'a[l’esin of C. ‘auratus-was not affac:ed lry treatmént with HCG pregaant. wire *

“serum or mammalién anterior pitulta!y extract (Yamazdki, 1065). Shehadeh




7(1974) ‘found that lutginizing ho'mone and HCG.would successfull’y imincain
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(1973) 'used HCG to maintain vitellogenesis in Mugil céphalus L. but yas ;

unable to defionstrate these effects with mamnalian or fish pituftary .

. >
preparations. Mackay, (1973) was unable to maintain V(i.t.ellngeneelg in

"goBdotropin deprived” H. galif using HCG however Anand and ‘Sundararaj

wigellogenis oocytés hypophysectomised A.° faenlw, “bue other maniitian
hormories lnc!uding thyroid stinulating horane were 1neffect£ve. When

: leost pirui!a(y vreparations have been used, a sclmulstlon of vitello-

genésis has :unsistenr.ly been seen., Barranickova (1973) quotes Sakun
1967, 1570) as haviig found o atimulation of vitellogenesis after
‘administratdon of C. auratus pituitaries to “infact Coregmlus tavaretus

ian, Cuelin. Chistova 871) found a species and sex specific

pids

Tesponse to pi[uita!y “reatnent in Tilapig mossambica’ Peters; puuinms
From Ongcrhynms- keta Walbaun,” Oncorhynicus gorbuscha Walbaum of female.

7, mossuibi lerated vitellogenesis, as assessed by an increase iy

gonad velght and oocyte diameter, but no such effect was produced by
treatnent with carp, pkenperch ot nale 7. mosaanbica glands. Yapasote e

et‘al €1974) found that h\jection of pitui[nry exl(nn(s (. gm‘buscha

and 0, keta) cffectively induced premature vitellogenesis in 4. japonica.
Pituitaty extracts and paitially purified gonadotroping have been shown
to replace thegpitultary in hypophysectontsed Flsh and aboliah the post-

hypophysectomy gonadal atressa. Ynnnzaki'(l%S) found that vitellagenesis

of hypophysectonised C. auratus was maintained by tréatmept with 0. Keta

or.0. gorbuscha pituitarics and Sundararaj et al. (1972a, b) found that a
carp pituitary fraction and the salmon pituitary gonadotropin (SG-Gl00) ** -
were able to induce vitellogenesis in regressed ovaries and maintain . “




the H.' platasam.deﬂ ploutcary. Yamnjakﬂ's résults dre compatible with

from carp pituitaries involved a saline folloved by c

“on Sephadek G-100.* In neither case can it be cerfain that the selected

ten times the potency of SG-GLOO can be purified and Donaldson (1972)

vitellogenesis in hypophysectomised . fossilis. - ) :

These workers have demonstrated that generally fish pituitary £

preparations stimulate vitellogenesis in fish; in some species placental

gonadotropins are effective-and in only one cass mammalian pituitary

§ &t
gonadotropin is ‘effective. The situation is not so clear in P. americanus.

Wien the non-glycoproteid fraction of H. platessoides pltuitary :
was partially separated by Sephadex G=75 to yield subfracticns, the
viieuogenxc activity was: found to be restricted to the subfraction which '

cun[alns proteins 1|| an appmximnte moleculur weight range of 25 000 to

35000, ‘This fraction 4 the Gsomatic ndex of estradiol A

. A i -] %
treated hypophysectomised fish and the cow‘:en: of Labelled yolk in the

ovary, - t N4

- )
This fraction does not contain the glycoprotein,.gonadotropin of

those seen in P. americanus but the reuul:e of Slmdantuj et al. (19728, b)
can’only be compared if .the two fish " gnnndctropic frucr_iom: which
stinulated vitellogenesis are ukely to contain the pituitary p{ote;n

which has beén-included in fraction C of the Ksent work. 'The preparation . °

on Sephadex G-100 of the soluble fraction (Sundamrﬁj et al., 1972b)

Donaldson at aZ. (1972) prepm'ed S6~G100 frgm Oncarhynnhuu tshmlyi:nha f

Walbaum pituitaries by an‘ alcoholic extraction followed by chromatography

fraction did not contain the equivalent of the non-glycofrotein fraction C.

The data of Idler et al. (1975) suggests that’a gonadotropin with up to

g ]
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. 5§ L] . o
found, that further purffication of SG-G00.appeared to inciedse the

S potency of this preparation, If these fractions were only partially

purified, the'results of Sundarara) o al. (1972, b) “could be due t5

r.hc 'presem:e of a nul\-glycoprotein Bimilnr to the fraction C of thlu

i work, The gonadotropin prepared: from pituitaries of Cyprinus carpio 1

by Burznwu-Gerurd (1971) was purifiéd by gel chromatography, ion ’ 5 ¢

s g exchange and Fiof The of 0.

keta prcpnred by Idler et al. (1975) involved an affinity chromatography

step to raqove sl lyaoprotelas £ollowed by gel chromatography and

dlgctrophorests. Thase highly purified preparations have not baen

assayed for vitellogenic activity and the only action demonstrated in.-
v female fish has been the stimulation of adenyl cyclase activity in pre-
4 - yh

vitellogente C, auratuo (Fontaine et al., 1970) and in immature S, ° ;

gatirdnerii (Idler et al., 1975), a stimulation which has not been shown

¢ o be related to vitellogenedis. It is orth noting that nnne of the

work on nmphibinn vitellogenesis has sed purified nmphibinn hormones

at all,

The inconsistency in the effect of mamalian gonadotropins on

teleost vitellogenesis could arise because of specles specificity and .
= possibly 1€ chese preparations were not acting i a normal ‘gonadotropic -
manner The in vitro uptake of yolkbyoocytes of X. ldevia can only be

lndunml by treatment of zfm donor animal with HCG a direct effect of

L Vi
UCC on the cocytes cannot be seen (Wallace and Benquick, 1974), TFontaine “
2 y

(1969a) fias demonutrn:cd that mammalion pituitary gunndo:ropina are,

L3
) cnpnhln of stimlating the thyrold of A. anguilla ond 5. gairdneri bur

the effects of plunentnl gnnnda(rcpinu have not ber:n evaluated in this




.of incorporation by oocytés, However, Woodhead (1969) showed a: similar

- p. 39 ) contains proteins within a maleculur uelght raige of approximately
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system.. Evidence that the thyroid may be involved in vitellogenesis, and -

that these could act through atiml:\luliun of this
gland, cones fron the. histologfcal demonstration of cycles of activity in
thyroid tisaue of several teleosts, which are assoctated with gonadal
developnent “(Fickford and. Atz, 1957, p. 154). Honma and Tamura (1963)
found an active thyroid in P. altivelia, afeer cample:lon of, theix
migrnl:ion, during gonadal development and Hoodhead and Woodhead (1965)
slioved that the. thyrold tissue of adult G, norhua appeared more active
thﬂn in immatures. whén the gonads of the older fish.were undergoing
vitellogenesis. TR &

Fontaine (1961) found -that trentmant of mignting Al anguilla

with manmalian thyroid-stimulating hormone for four weeks induced a

slight increase in gonadosomatic index. The aboldshment of the estradiol *

of plasma I: in 8. gai: i (Takashina ot al.,. 1972)

by treatment with mammalian, thyroid pnwdér could be due to the stimulation

thyroxin eEfect on. plasma calcium to occur in male and female C. movhua. ' °
There appears to be enough evidence to suggest that the thyroid °
system could bé involved in teleost vitellogenesis. That the .:mux.}s is

obviously not an effact of (he clusuical glycupmtzin gonndutmpin in

1. amerioanuo 1 clear bocausa the A, p 8 P

imclian contains the for mat and

(table 19, p. 95 ). The non-glycoprotein Eraction C.vhich 4o effective in o

setmulating yolk Ancorporation {nto the gonad of P.. ancricanub (Figuce B, . A

25 000 to 35 000, Mammalian pmlnctlns nnd. groﬂth hormones are found to *
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ave molecular weights slightly smaller than this (20 000 to 23 000, .
orsyth, 1967; Greenvood, 1;67) i
Thyrotropins (SH) have molecular welghts of 20,000 to. 30 ooo
Gond1iffe and Robbins, 1967). Fontatne and Gondliffe (1963) purified
hyrodd stimulating hornone from pituitaries of 4. anguilla in Four
n'mmmgmphy'pm_cedms. The purified TSH had .a molecular weight of
1 000 and apparently contained a much smallér proportion of anino sugare
han does beef thyrotropin. - ¥o- Infomation 1a avatlsbls ko susgest
_ether such a "glycopratein" would be bound to_the concanavlin-A system
ed in :he"preauni b;::rk. It woald nppenr thnl: the vi[ello!cnlp factor
found. 10 "Fraction C could be a thyrotropin.

fhe, ponaibiidty that the Eeleont pliitars synthesises bwo

madot has been [¢ and Fontaine,

1972; \Relnboch' 1972; Donaldson, 1973; De Vidning, 1974).. The suggestion
oy some 5t ‘these aufhora Ehat thes gonudotropic preparations ‘lsolated are
re nnd afect both vitellogande and maturational processes has been
criedeized above,  Retnboth (1972) e —— the h{stologieal
denonstritton of two gonadotrops in the teleost pituttary may have heen
linited by technical problems or due to specific’ differénces, Ahother
problem for this histological uppxench may oceur 1f the tyo gonadotrops
were active during separate phaseh of reproduction as might be the case
1f two different horiones controlled vitellogenesis and oncyté maturation.

No direl:t action of fructinn C an the gonads hus been shown in

this work but 1f it & the second ya
which stimulated ylzellagenes’ia in P. americanus, the varied cffects of

nénmalian’ gonadotropins in othef teleosts would havé to be explained as
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to spectes specificity alone. The heterothyrotropic activity shown
Fontaine (1969a)° could occur because the teleost thyroid receptors

2 not ently specificito di the gor from |

yrotropins., 1If this was the case then the cycles of thyroid activity
- .

n in fish would suggest that the teleosi thyroid even responds to the’
* genous vitellogenic gonddotropin or possibly by aneffect on the

/rold of the estiogens involved in vitellogenedis (Sage, 1973).

SUMMARY

1. Betueen Octobér and Februaty, vitellogentc fish add 47'ng of
1pid per g.of fish to the ayariiny Pudhof i S outsLatIon wEY Dot

a result of mobilizatior of 2.1 mg of 'liver lipid per g ' of fish; the
st may be due to mobilization.of muscle 1ipid reserves: ’

24 l(ypuphysecmny of vitellogenic fish results in the cessation of
ue'uoganem. Prinazily thin 1a dug fo a fatlure of the syatem of yolk
ebcporation ks ocytes but also duel to a cessacion of yolk synthesis

in the livEr

3. Estradiol of d fish hepatic

synthesis of yolk and leads to yolk accunulation in serum. There is also

a conconitant, estradiol-induced increnae in liver welght which may result

fron the activity'of protein synthetic sechantams:

4. A fish pituitary g : ‘aid 7:
) .
induce yolk uptake into the oocyte.

oA nun—glycopmtein fish pituitary fraction, with a molecular

weight range: nf 25 000 to 35 000, induced active’ 1ncnrparaciun of yolk

into oocy:es and an 1ncrcuse in gonld weights. 25
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6. Speculation that the pituitary fraction stimulating vitello-

enesis might be a thyrotropin could account for observations in ] %

jatudies on the teleost thyroid and may be compatible with knowledge

fon the only teleost thyrotropin purified.




c PART B OOCYTE MATURATION
INTRODUCTION ép

: The resilts of Gosvami and Sundraraj 1971), showing no opcyte

0
turat fonal activity of goadotropin on f. fedilis yian g vitro,
sontzasts with work on other e I— preparations were found

to be effedtiye in bifro (Kwamira and Motonaga, 1950; Utsonomiya, 1954;

Hadamitsu, 1961; Dettlaff and Skoblina, 1969; Davydova, 1972; Gcnchalv'ov,

973). "

The hypothesis for. spectes other:than A, fossilis s sintlar to

that Imld fur amphlhisns. a gnnﬂdn[mpin 1nduc:1m\ of an ovarian steroid

results in maturation. In fl. faautlia it 1s propvsed that a-sterold is

again involved but in this case it {a produced by the interrenal gland

in response to gonadotropin. Seyeral approaches to evaluate the * .

pituitary-interrenal-gonad hypothesis proposed for il foseilis vere

possible in this work using.P. americanus, In vitrd incubation of oocytes

and; perfusion of isolated ovartes with gonadotropic preparations was
performed in order to 1nvestiguts the maturational effects of these

B homones in.a systen isolated mm the Anfluenie’ of Incerrenal tlasue.

The dneubation. technique tas also used to {nveatigate the role of sterolds

which lmve been implicated in the proceaa of oocyte maturation.
. . Surgery was'perforned to allov'collection of venous effluent from i

the gonads of fish at various utugea during -the maturation process and

isolated gonads’ were perfused i1 vitro with media containing pituitary

h and gon p Both yielded fluids to be
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subjected to chemical assays for steroids implicated by‘ other workers
or shown to have activity in.the in vitro bioassey, This approach
would demonstrate whether any of these mtu;stinnnl steroids could be
synthesised by the ovary of P. americanus.

Jalabert et al. (1972) found that the coelonic flutd which vas

collected when S. gnu’dnsmi Jerg manually al:ripped at a huchex‘y some=

" times had ovulatory actlvity. Egg £lulds were collected from P,

americanug in an attenpt to show accumulation of maturational or

ovulatury substances in these fluids.

One previous repoxt on the oceurrence of Ccortisol in the plasma

"' of P. americanus (Bondy et al., 1957) repreeenced the entire knwledge of

the nén-estrogen; sterodd physiology of this Eish. In fact, sterolds

have been conclusively identified in only a few marine species (Clupea

havengus L., C. morhua, Table A VIII, Idler and Truscott, 1972;
Hemitripterus americanue Gmelin, Oven and Idler, 19;2; Hippoglossus
hippogloasus L.,‘wei‘sbnt and Tdler, 1971), the majority of such work
‘being performed in A. anguilla, Mc;brhynnhus spp: and Salmo salar L.

This latter work is quite extensive but, in the case of A. anguilla it

. is related to osmoregulation, and in the saluonid dpecies the concurrent

migration andldasaal development mean ':;.aélnu conclusive indications of
sterod “involvement in gonadal changes can be madé. In P. americams
theve ate no apparent migrations inposing osmotic stresses o wad
chemical ‘analysis of selected samples should identify steroids which may
be tnvolved with oocyte maturation 4n this spectes. The double isotope

derivative assay was used in this work to ensure praof of 1dent£ty as

well as quantification of the B:emids ausﬂyed for,
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g head. " A thin geedp of, wlrhn_vx].l vas cut in the median surfa

With the groing amount of data -available on -um}m induttion
of teleost docyte maturation and a growing list of implicated steroids,
Lt becane ‘clear that dentification of the -':ema{ active 1n P, anericaus
should be made by in vitro incubation asssy and in vivo injection -

experizents. With these data, that of ‘Sundararaj and Gosvaii (1972,

1974), Hirose (1972a), the work of Colombo et al._(1973). showing ovarian

sterold aynthiseds wid Juldberc of al (1972, 1973), Jalabert sad Beatde T ¥
(1974) showing that some progestins were poverful maturational agents; -
‘analyses’ for several maturational steroids could be perforbed in' plasma

and ovarian fluids. In order to be certain that analyses.vere performed

on fluids which did have maturational-activity, .an in vitro.oocyte ' -

maturation bloassay, was used to identify ‘samples yhieh could then be

posled for analysis and comparison as active or tnactive plasma.

. MATERIALS AND METHODS -
.« In Viiro Incubation of Ooextn %
-
(a) Gonads were excised fron a fish fxuhly killed by a blow on the

of the

gonad-so that it could be yu'u;d w( of the organ with oocyte-covered N o

ovnq“a-euae .uum‘a. This ‘B[tlp was cut into -pp?oxmnly_ Yem

cubes and Placed fa scintillation vials containing’incubation media (2,

3 of 10 m1). Head kidney ;Qnu. -used in some experiments were taken

* from fish, dead for- less than eight hours, or frbm £48h donating eggs ot

plisma tor incubation. ’ . ) 3
() Tncubation vas acconplished by plactng cops, through which a

small hole had been drilled, on the vials and 1nlulu.l|g the vials in an’
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N-cvap used fo distribute a_gentle flowof cmpm-ea ‘atr. Later 1974,
experiments used air which vas bubbled through @ water colum o enayre

water. saturation. The* Hhole apparatus was kept.in a 10°C nl.d room. and

the vater baths helped maintain constancy of temperature,

Fm’ 1971, a::ewu were made to. mnue the umti‘: pr!uallu

(0.P.) of Forstér and Hﬂng 's (1958) ledi\n to

in April: o ’ &5 T ¥

t . 1. Torster ind Hong's, but 1.5 X NaCl, 0,12 ul)u:an and Tids 7.4

¢ to bring O0,P, to 695 nOsm. 3 o

2. . Forsterand Hong's but 1.5 4. NaCl, 0,17 'glucou a1d.0.05 M Tris

7 4, aiycarul ca. 20 m1, o.v. of 690 mnum. .

In 1974 anmpu were * rucric:ed m H-y and June n\d media uich

osmotic pressures of about 460 mOsm (Appendix B). later experimen:u uued

. Hepes (-2 Hydroxyethylpiperazine-N!-2+ethane sulphonic.acid, Calbioches)

buffer at 7.2 - ¥.4 in place of Tris.

=" ‘In 1973 some were using for

dﬂutioﬂi of the fluids released from a thaving ovary for lncu.bltlun
.;'. otheu usi.ng the flnidl cou-ctml upon cmlrﬂu@l!lm of whole, imsh

ovaries at 1,000 g [or 16 hr or pllnl collected from umt.lng fish.- In

1974 in vitro 1ncublliol|l were performed ‘in plllIl from fish at various

stages of the uwntion process, male plésna o’ ovarian flitds, For

these nxperi.nen:u the fluid was add:d tf‘: a vﬂl emninlng lufﬁclent
e dried liepes to g1be a 0.05 M Folution of buffer pi 7.3 (.: 5%0).

Stock solutions of 1 mg/ml sterolds were pupnud m ethanol and

at =5°C; 10 yg/ml was uged in most incubates, Partially purified

e salnon gonadotropin (SG-G100, Donaldson et al., .1972) was kept at'4*( in




.Flounder saline (L mg/nl) for a few days or frozen for up to ome month.

- . ” . g
ACTH dilute stock solution.of 260 mg/ml was kept ftozen between use,

,Freshly ‘Prepared stocks of dibutyryl cyclic AMP (Sig,ma Chenical Ca.)

vere made for each incubation, Fresh preparations of "flounder pituitary”

extract we uera mlde by hombgenizing thaved pituitaries inachilled glass

e : homogepizet, "“ls dfstilled vater or ineyhation medivi, Platce pL ):uir.a:y‘

@ glycoprotein frhécinn (Pc3)' prepared Eram glnnds collected from muauy

‘mature Fish caught during the spavning season (P!u, 1966), vas used for

tncubation or injection in the undialysed o-Denethyl glucostde cunuining

. huffer and frozen between experimenta:

¥ (e) At 1n:exvsls yieces of -ovarian tlssue were removed frum the

“atpaai exanined using a’ dissecting microscope to evaluate. the’

‘percen:age of mature pocytes. 'Statistical copariscns vere ety

unalynis of variance \lsing an arceid

{transformation of the, percentage

data. . . . 1

& In_Vivo Inductisn of Oocyte Maturation

Freshly caught flsh vere hypophiysectonised during the natural,

spawning season’ nnd subjected to a:emld und protein homune treatment’

by ir\jznniunp Water temperatures in the tanks rose from 4 C o’ 6 C

o ' during the perlad of the experinents

W . S(exoids were diasnlvzd in 4 mininal amount of ethnrml, duuted o el
~_with peanut oil to a concentration of 1 mg/al, " and injected intra-
peritoneally at a’dose of 1 mg/kg on I‘.he day of hypnphysectomy and-on

ol the three follawing days., On each occasion a‘blopay sample of “oocytes

was taken" for ,md ical to thetr 1

staté. Salmon gonadotropin (S6-G100), dissolved in floundér saline at

N e




67

i mg/ml was injected. 1n the same manner as uernids. Plnica picuitn‘g’

2 glycuprotein PG3 was lnjected 1n:zaper1:nnuuy a1 ng pmed.n/: nl
n( l’.otal glycoprotein Era&tiun/kg of flsh. Peanul: ‘01l and flounder

saline 1njectians vere made as controls for. the sterold and progeta

experiments. respectlvely &
SR ¢ Fish were randomly selected for the intcdal ﬁjeccim ang two

days after Yhe last injection fish which’ had not matuzed were distributed

equally into g;mups for further' injection regimes (Table 5). " K
. - T o, .
- Colleétion of Ovarian Yenous Effluent ’

Samples of a‘few oocytes were nh:améd by bdiopsy and exsnined to

' select nsh uhuse Gocytes r_uuld be classed as nnu—mmm, maturing or
‘maturem . e -

0
v f. . The bady wall uf the anaes:henseq_iish was cut Erom the'vent "

tarea towards the posterior: end of the Kidnéy reglon’ ‘and: along the dorsal -

edge “of the body cavqu. When the gonad was lifted sllgh:ly and pulled

vencxmy the ﬂrtery and vein vere éxposed; the mesentery holding then . -,

« toge hex’ was, slit and \:he arte!xal flow ’reduced

a hemostatic,_clamp:

The vedn' wds ugaced ‘close td the body and a_cannula (Intranedi:, Clay -

2 Adams, E.E. 90 os 60) Eil)'.ed with hepﬁrin insen:ed thmugh a ul}t in-thy

vall of the vein towards the ganam e casiia W was ‘held'in ‘place by

\'y\ﬂg surgical si.lk a:nund the vein containing it and uctached r.o a T—

,10Lnt thmugh uhidh mure hepgﬂnized saline con].d be” 1n:loduced Af:er. ot '}:
e 5

unclamping “the!agtely nud srarting the .f1ow by gentle sucmn, the eEfluent

. was -Euuec:ed 1nm “an icbd, lle‘parlni:edg :ubet‘ The blood was Lreued “in

Lhe usual munner.
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In o few experiments -the ovarian artery of the lower gonad was

cannulated by dnserting a 26 gauge needle, attached to a cannula tube
into the vessel. In all experinents an additional blood sample was
taken ‘from’a caudal blood!vessel after completion of effluent collection.
)
) L

ovariam Perfusion . .
Batrs of ovaries were excised from fishikilled by a blov'on the
‘head after the ovarian vein and artery had been ligated. The gonads were -

* ekcised and transferred to a 4°C cold room for perfusion. - The blood L

vessels vere carefully separated, a 26 gauge geedle attached to a cannula. ©  f. T
(PE20) inserted into the artery, and a cannula inserted into the vein. .

Gentle: suction was applied to the vein and a 5 ml Syringe was used to

force 1% heparinized saline into the artery to }checkfnr leaks and to . I

Lflush the erythrocytes from the gonadal blood fessels. The arteries of

the gonads were connected to a syringe type perfusion pump (Harvard

Apoklatus) snd pertased st a rate of 2.5 ul per hour for $3-30 al. * After

E 20 hr the perfusates were centrifuged to remove any erythrocytes and

frozen for storage at -70°C. One gaha'dv from each fish vas taken as
T A — perfusidn,

Extracts of flownder pituitaries (male + Female, o.pé—u._q_s
- glands/@®, five experinents), 8.2 10/ml HCG (Signa Cenital Co. two
experinents), and 3 pg/nl, lutelnizing hormone (Signa Chenic{o., three **

experiments) were used for perfusion in 600 mOsmole flounder saline s ¥

L ‘ ;
L containing a 50 ug TENH/nl. No hormone was used for the second 20 hr of.

. perfuston. *
“In an attempt to induce maturatipn using cortisone the svaries of

\ three ish-were perfused with 0.1 ug/ml of. the steroid prior to incubdtion L




in medium containing 10 ug/ml of cortisone.
: I

Double Isotope Derivative Assay

o a
14¢- Labelled ‘tracer steroids were purified shortly before use by

paper chromatography; then 5,000 to 10, 000 dislncegra:iani per minute of

each of the Etemlds to be analysed, were evapnrnted to r.lrynesa in

cen;rifuge tubes.” 'l'hue» acers served to estimate recavery through the

assay after the samples were quantitatively transférred to the tubes.and .

cquilibrated with the tracers for at least three hours. NaOH (1.0 )
g T b

n was added to adjubt the pH to greater than 9 and the samples transferred e <
. wlth ool (0°0) i e wa funnel for R B

2 cwidi en volunes of the orgaiic solvent. The aquspus. phase yas vashed.  © ] :
with one furlher volune of Gil,CL, and the, combined organi phases washed ;

7 with one. tuentieth volumes of 0.05 M acetis acdd, 0.05 M NaOH and tuo - .

washes of dlslilled water before flash wnporn:inn. “'The dried extract'

% was b;unsfeimd toa centrif\lge tube using CH Cl methanol (9. ) n'nd the

i solvent cvnporaced by a’ uream of nitrogun in an N-avup (Organomation

' Assoc.)., The extract vas redissolved in benzene/ethanol (9:1) for storlac b o
& under ref¢igération, : .. ' !
v Thin layer chromatography (silica gel GF254 Brinknan Instruments

0.3 nm thickness was performed in the b?_nzenz:ét_l’iyl acetate 2:1 system

for all wamples in.Assays 2, 3 and 4 by de'vcloplug the chromatogram

;‘; tutce or thirce tines. \ The areas of chponatograns Yot clution of ‘sanple e \

o starolds ‘vere 1dentificd by usdng the reltive nobilities.of the assay -
! e narker™ stedotds run on, the. sume pim-." The gel 10 the aample

St “areas ‘was removed, by vacuum !lutnr onts a sintercd glnsn disc ang ‘the . o

it . mcuw eluted rva i 8ol oo a centrifuge tibe using ail,cl, u:hnncl 9:1;
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the solvent was

md the sample
centrifuge, tube, redissolved in benzene:ethanol 9:1 and ‘stored in a

refrigerator, 1In Assay ‘2 thé three eluted areas contained cortisol +

rtisone + ll-ke » deoxjcor

+ 11-doa)§ycortisu1,
L7a Ui progesterond + progesterone; in Assay 3, progesterons, 17 OH ) .
P ne and 17a 208 prdgenberone were and in Assay 4, -

17a o \r\ ;

- 170 208

deoxycort

and
SR 117 scparated.

17a Ol Progesterone and prngestnronn were ruduced Hi(h 208 OH

sterold dehydmzennu (sigma Chemical Co.). -Thesc samples were dried

into the tip of a centrifuge tube and dissolved in a'drop of propylene
glycols 150l of 0.05 M Tris 7.4, (Signa Chemical 3.). contnining 0,23

units of the enzyme and 1.5 ug DPiA (Boehr tngor-Yanhedm) vs nddud and

the mlx!urc incubated at 37°C. After 2-5-hr incubation lIlB rcduced

sterold was exttncted 1n:o 12 ml of-cold CH, C12 and the extrncl waghed 3

twice with water. The umplu was thcn transferred to a’3 nl cuntrifuge

tube -for acetylation.

Four to six hours before acqtylation the solvents were cvaporated
from the tubes

the sample extracgs, those aliquots

of ¢ tracers, one o 50 ug radiod

t and_ then
all were placed under vaguun m a.7)04 despicator. " After drying, the
tubes were stopperad ane rcmoved to-afune hood whoro £lame dried pipettes
were um.d to add dowble distilled pyridine to the 3I!~nco.:14. ‘anhydride

(New Dnglund Nnclcnr, 50 or 100 mC/mH) :in a-ratio of 1.4 or 2:1 and, to
place, allquots of this n:nrylncing mixture into cach assay tube, The

tibos were tlghtly stoppered and sealed with 'tape for tnmubation at 37°C

ER 3

to a3 ml conical

e




L1quiluor setntillant (New England Yuclear) was'addod, mixed, and the

72

For 16 hr ‘after which the reaction was stopped by addition of 1.5 ml of

25% ethanol. The aqueous ethanol wnn cx\:mcmd with 10 ml CH, C12 and

extracts were washed tulco ith 1. ’5 ml water, m solvent was cvnpurnted
" under nittogen and the sample stored:tn beizene/ ctianol (911)." Approxi-
ancly 10 ug of radioinert stnro‘d acctate was added as-a marker to .
pernlt visualisation Lluring chrnmtcgmphlc puriticacion. | Thin layer .

and ding paper g systens are 1gsted in

Table 63, the arcas for-elution were determined by visualisation of |
steroldn ufer ;Alcrnv‘iol'nt 11lundfation (wavelength = 240 nm). ‘Steroid *
acetates were eluted from paper with ethanol. Anqu;m; from the 1u;u two

Lor three chmmtogrnm were placed in scintillation vials and evaporated
to drynerm. o

Samples to be cry-tnllis‘ad wore' dissolved togather with 5-10 mg
m.unld acetate 1n a minimal amount of het cthanol. A few drnps -of water
wara adlisd affor eosling endcrgital formation nduced by vigorous shaking,

Gortlnol nnd\cﬁfntsanc were crystallized from ncetone-pnnluno‘ The
gyl VaEa pladed: .4 fedoat Etide. TasdeiEtva elttas, d couplaimore
dropn of watér (or pentanc) added, then the crystals were nuntrﬂugad to

tnable aspiration of the uupurnntnnt. The cryatﬂln were partially dried

under nitrogen and an aliquot placed in a.scintillation vial. Crystal-

Tisntlon way repeated thrde or four times for each sample to ensure

; .
tromorphicity. S d -

Uricd aliquots or, crydtal samples in scint{llation vials were -

dinnolved in 150 to 300 pl ethdhol’ using heat 1f necessary; 15 ml of

wample placed In a fiquid scintillation Counter (Packard 2003, 2425 or- &

.

e N
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TABLE 6
Steroid ‘acetate
Chromatography systems in sequence

Assay 1 i z
Cortdsol 1 (s |3 g [
Gortisone 1 5* 13 E- | A B
Corticosterone S I 5 3(3%) E ¥ o
T w |l s i
Cort : | 2 B
Cortisone 1 2 |8
1i-deoxycorticosterond 1= | 3. |4 . | B c
11-deoxycortisol 1 4 |5 .
1l-keto testosterone | 1 2 c R
208 OH progesterone | 5 6 |3 c D
174208 progesterone | .5 3 s+ | & =
cortigosterone 1 3 T& B c c .
) Assay 3 :
208 progesterone IR L
174208 piogesterone | 5 3 T Je .
corticosterone P ! 5 7 2 A g

Aasay 4 4 . 4 :
cortisone 2 3 A E F
deoxycorticasterone 8 4f 5 A 3 c E F
174208 progesterone | 5 3ela "D ¢ D f(repeated
> on some)

(90:10:1).
(70:3004

" hin layer cliromatography systens.

1. chloroformmethanol (96:4).
2. ethyl acetate:chloroform:water

4. t=butanol:hexane (25:75).°.
5+ cyelohoxane:dsopropinol - (70330
6. 'benzeneiethyl acetatd (80:20).
7. hexaneethyl acetate (60:40).
8. cyclohexanerethyl acotate
5 (50:50). A

3. dichloromethané:n-butyl acetate

A mll!ylnneﬂr_hnnol'vltlr (50: 33116)
(reverscd phase).

Paper chmm:n;uphy ny-wu , s

B, cy clnheunexhenunnxuthnnalnm:ar

(ma 40"
C. heptane:80% methadol (50:50).
D. annnu.haxnnn:mthnnnl.:wnmr

6:801

©100:20) .

E cyuohummmxnnu mothanol:uater

(100:100150:25) 4

cyclohoxanasbanzens imothanal iwater

(1001 70:100425) «

., heptancbenzene:70% afethanol

(33:33:33).




it and, ¢ in each,_sample to estnbll.sh an isotope ratio.
R The concentrn:lol\ of an ethnnol solution of the putiﬁed :orti-

- costerone acetate was measured by extinction of ultraviolet light (SP' ﬁﬂD

3375) for doublelabel counting, .An efficlency curve, get up using

5 %
. prepared was used "Ed).calculate disd per. minute for

Spectrophotémeter, Pye Unicam Ltd.) and an'aliquot of this solution was

counted to determine the specific actjgity of acetic anhydride used for

“ncetylation, A .

Steroid’ concentrations (ug/100 nl) were calculited dccording to

the equation:

Sample o ratto - 1% tracer ratio X DPM tracer X MY . X _100
Acer_lc anhydride speelfic activiEy (DPM/uM) . of Sample
N - steroid ', volume

- Sterold-Proteln Binding E
Multiple cqfilibriun dialysis (Hestphal, 1971) vas used to compare
&he protein binding .activity of 24 plasmas for 17a 208 progesterone. The

technique, based on that used by Westphal et al, (1961), employed 0.5 ml

allquots of plasna diluted with 0.5 ml glucose ‘fre¢ flownder saline.-
Duplicate’ dilutions of cach plasma were placed in washed dialysis tubing
(0.6 en diancter, pore/size < 12,000 m.w.) and the knotted bags placed in R
an Erlenmeyer flask with three volunes of glucose oo flowndor saltne |
contatntng approxinately 10,000 DR 14C - 17a 208 progesterone (spectic o B
activity 59,1 nC/u).per dialjalsr The M —— to a Mulcipyrpose '
lotntor (Sélentific Industries lic.) whic\\ invertod 1t approximatély overy -,
10, 6conds. " After 87 hr_the bags vere renoved from the flask, ringod with

— .
dlstilled water, blotted dry and drnined nnd fluul\ed wm\ a fov dwps of ' g

i 5 o « 5

1
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dlltllled water h!a scintillation vhl-. ten ml of Aquasol was ldded

for Ach!lllaﬂml counting.

' L
Two hlgl containing flounder lulln! acting blanks and samples

of the dialysing medium were used to estimate the amount of tracer in

1.0 ml of protein free solution (F). ~The amount of tracer bound (B) by +
0.5 ml of plasma is calculated by subtraction of quantity F from the

value obtained for radio-activity in the diglysed plasma sample. The

_quantity of at!rnld hound to the p;otei.n oE one mlof each plnm is

20/specific nc:ivity. P!rcan! baund was

.91cu}.c.u in 52 X 100, of cach

somple, " - -

I Saaity- SErEhastraasaye nre‘n'u'xp‘plied in ‘Appendix A It -
would appear that the high il Counts seen i Assay 2 (Table 7), before.
& was gbiandoned bocause.of lov ¢ rebovgry, indicated 17a OH pmg';-z'exm
‘nzt_l.vlty Fince this sterold vas found by hu:h subsequent assays. The
results of Asmgy 3-are very variable for 178 208 progesterohe, they are
hovever the end teault of isopolar and dsomorphic purdfeations: Assay
4 would appear to demonstrate clear ‘difterences’ botween 173,208 froges terone

found in pools of plasmd which have maturational activity and those which

liavé no such activity (fable 8). Sich differences vere not obviois in

“the analysis of ovarian fluids.. ° ¢ A .
PR i , -
8 R 1 ten e, 1lvdeoxycortisol and deoxy-

cbrl:iqcaterqne were not dutpmd or were dmununud in very vmnll

vithin the
W
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e % physiolagil:nl range expecced (16 ¥g/100 m1; Bondy et az,, 1957) (Table 7
LT . Table 10). Cortisone levels were low m all cases and d‘iffexem:es ] . 1
betueer :ﬁg samples which Ere active and fnactive £ vitro maturation

bioassay. tlere,lextremely small, i

. ’ Plnsmn Piotsin Binding, Ve Lo W
» )

' The quantity’ of 17a 208 pmgau!rme bound o female plasma does - . .

S not appear to undergo’ any major change dixing the apawning season (Tnble

11). Mo dttference in plasma protedn. binding between groups o mnturin;

‘and ‘non-nature mn or figh sanpled ‘one month prior to spavning vas seén.

. er:ver 1t aeens'that the plasma usedin the second in vitro experment T

0 uai,ng mule plnsm; hound this s:awid ‘almost wlce as- uc[lvely a8 the mun c .

of all female plasnas.

O < Dfvitro ocyte 1ne3ba:1an 9 ‘v ) o . !
. When portions ‘of incubated ovmm tlssue were teased apart on o
“ “ Gapiatide s ‘ of the 'state of maturityof !
" 50-150 eggs could be mde with the use nf a dmec:xng mcrounpe (Figure \

i

. Diaplacénent oE m gerninal vesicle (nucleu.s), a8 described by
Gosiam and Sundnruraj (15718) vas noted but the stage of. gemlnnl estele »
¥ l»ankdoun was difficult to assess. The A:sg« of mnzumtion was recorded . i

Tt - %
: wnly when yolk grhsuies had coulesced to producé a- homogeneous, trangparent * 4o v

9yhop1nsmi§ mass from which no intact nucleus could be isolated uwpon

so' T+ " nechandcal rupture of “the oocyte, * In order to reduce the risk of con- o A

_« Lanination, datly itions were mnde oh portions reroved

rmm the ncubate on * dach i occasion Thésg wére shen diucaxdgd‘ : il

' 'prumen:s 1,\ uhir.h muld.ple cnnzrnl incuhatiuns “were made clanrly
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- 4. Several-stages of ooeyte maturation.

“6i A. Normal pre-nature cocytes. B, Displaced

- » %
~ 0 . s
i
v .
Figure 11
Oocyte maturatinn a:xgeu ,' s
1 Mature but unovulated cocyte. .

2. Maturing oocyte showing partial coal:scel\ce of yolk,
3. Sample of oocytes.after six days of in itro culture.
Some. abnotmal but the majority are norhali ,

tele,

A.~8vulated egg. B. Mature cocyte within fo.

5. Maturing oocyte with no distinguishable nucleus. Many

other oocytes have displaced germinal vesicles.

geratsial vesicle
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a het ty of response to incub or.vithin me

ovarian pieces. Tvo vay mnalysis of variance of an experinent ueiag -

sultiple repl o

{{on gmongst six

incubates but there vas 1 (P +<.0.05) increase 'in

*" these incubations over a 9 hr time period (Table 12).

ect of Stage of

te Maturity at Start of Incul

Tuenty-one fish were killed to supply oocytes in which 'zne

- " nucleus'was not displaced and the oocytes could be degeribed ag non-

. mamrr on i\ba on some naturation ut/lvlty was seen in nine of these

' in vitro exvarimenu. * Four out: of five expumantu using cﬂl:y.tea uhich 5 N

4%&.,\‘;.

ey " e iaplaced whetet prodused yems murmonul actsitey.” I uaylo sepn

that the dmonnrntiun Of ‘gome umnmmu activity was penible in
nacyus at enher of the-e ungu md alno, that :hcn which had dis-

placed nuclei could not alvays be stinulated, even by®treatments which

have produced some ‘activity 4n é cocytes. - Six

utilizing oocytes from gonads in which there were already somc mature *

ococytes, failed to’show any Xﬂitml effect due to incubation with |

exogepous hormones (Table 13

Incubation_in‘Hedia I

e s N ‘Incubates of partially mature ovarian pieces as controls never

Lcompméd'me natiration processes even after five or six days. Evaluation
] B “ 5 L& &t ]
of the effect of buffers s inconclusive; vhen Teis vas beed, naturation
“41d not continue {n three uxp-rimanm but 44 1n others.; ALL these edrly

Expuimem:s vere perfnmad ina ludlnm of 700 mOsmoles, but 1n an

experiment where a: 470 mOsmole medi\m Has used, enm 1n=raua'>h\' uocyte B
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aturaton was .shown, Any dif{erences mmm between oocytes incuba:ed

4 e n media-at, elther of the osmolauues could not hz a[trlhuted to the‘

FO o »smotic difference, Hepes buffer vas used for the reuainu\g"expmmencs'
; B o Ss .

*f 1974 after the control oocytes in‘an experiment uging this buffer had
tiowh dncredsed incidénce  of maturation” fron 6% to 21% in three daye,

nile Tris buffered coftrols in the' same. ex'pe!iment showed o sucll)

ncrease.  1i experiment 74—5(1.;»1;15), iderable oocyte maturlty was

een in cmﬁm‘ trcubates 1n Hepes buffered plnamn; and o‘gixan fluids.

he 1ncubat1nn of eegs in anlines did not demonstrate conclusiye
Efects flue to hormone treatignt. The varlability in experiment 739 A

sked a llght effect due to cortisone, deuxycortlmuarcne and

Top ‘abie 1), In fwvolving eggs fron domors uhteh
ad not ‘_begu’l\ " natufation process any sfects due-to horsone treatment
ere excecdingly small. Tiis meﬁsu%uL combined with the experimeftal
artabtldey, seana that 1t e not posatble to quantify any, gffecu in
ive other. experimen[!. sught qualitative effects demunsmted i o:h
xperinents. in which :untrol incybates vere uichanging, ylelded n.mm?
videngeof saie Fole in, oocyce matnmtlun for cottisone (four out of ‘
4va occasions), deosycorticosterone i out of thiee), 173 o
togesterone (one out of Eive), 17a 208 prngestercne (two out of tme)
0fe progesterone (an: out of cun) and’ yrogultcmnc (one out of two)
butyryl cyclir: AP was tdsted at ng/ml, 500 pg/ml, 100 ug/ml and #
Light' in vitro odcyte maturational activity vas seen vith all .t;lreg» ek
west L. ’ Teoe .. i
. Pléess of one 'of three ovaries perfused with 1 yg/ul of ortisone §

.-an attempt to obviate perseability problems, developed significantly .




®is ~ . - -(eursoay) £°2T = (50°0 > &)  A5T |
e : o St j
(y°sT) e . 0°sg) @ - 8 {
e L, ¥ Ao ] I T,
L (e wsn | RCRDR @1 ; e
caz’ I AR %, suozaaseSozg
e | Twsn L dren 0 )L @ron : ol
A 7N : . €y “au0153509732094x090
- b @ o e . & * L
(8°9) ol aw . (8'82)" 0°€2) - 5o 8
1 X 8 ¥ 12 Pgg ST _auosFIz0)
LD s . €92y | ¢ s | T . C
L, - (10 S T P A Toa3uoy
e b — =
Y 96. 2L, gy - 9.7 _ wsmIEdIL i
Y . (sreoslq o7 erey pomighewsaa surstv) :
e : oTdwes & BT seakoq feaniew Jmssaed. ,
S AIFTRAREARA.TRIURWEX dxe 3o woTqoxd oYL . . . . )




e ater' (P <0.025) socyte mturatim than controlg upon euhsequcnt e =

“ibation for420 hir (Table 155.

i 5 ‘o | 2 "

sbstton 1§ ovacin Plutts ond laomas e ¢
an ¥hen ovar dan fluids ‘were ised as incubation media 1t was found

t some ware active vhile diners vere not. In one experinent flutds E i

o P o d 8 ovariea of Ech classifled as non—ma:ure‘or ovlated diduced soiid
u{a:konaracuvuy but those £xgh maturing F4dh vere mac:xve. e
1“(2!25!1\'\8 to mzle thdk ﬂddil’.ial\nl hormgge treatment 11 the non-

ture ovaiai £14ld d1d not add to the endogerious stimlation Gf oocyte

turation. ' R

Of a total of eleven ovarian fluid samples bloassayed in this -

k, four induced some maturational activity, Pools of to of the

Lghtly active flulds and thrée of the inactive fluids were taken for e X

artson in double isotope dérivative Absay 4, but showed no "differences

concenierations of :nr:isnne. deoryeor 17a of

A l 172 208 progesterone.

Plasma samples cnllented from £ish al the three stages a( final

eyte matutation (pre-mature, maturing and ngture) vere tested and all

ee fnduced some maturational activity. Mdition of “Cortisone, deo¥y=

e b 170 0i ! & and 172 208 pi to the . |
: sma from themcn-—maiur‘e»f!ih indvced a statistically significant .
< 0.05) of matura bue ¢ had no effect 'y &
¢ Tb1e16). “ ¢ )

To test whether I:hie in.vitro nanumional activity by plasma was
sent at’ tlnes ofher than lmulia:ely before, ovuln\:lun. tho samples
@ non-mature females, one from Match, . thg other fron Jine, weré also
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yed, tn gkpe'xmex&z 746 Neither of tisse plumu stfoved =y cnpncity =
nimv.\).ate maturation even, €hough the' oocytea used ,m this expmmnc,

e ahoun b be capablg, of maucstior @b 1), g, 2

i :men:;f-exght plasnas ;frnm non-matire nna.mguung fish vere bio-

syed by in vito oocyte dncubation. Seven of these fiduced up to 10%°

utation, Two of the spveri donor £ish had.been_ classified as pre- o

races: uf a:ti\rity. l’ur the fourth s:etold

\u,u:ion vapz uued varyxng rasul[!. Plama collected fron male

h immedi ely hefare us\ did nnt itself atimula(e an;; u:uramm, bu:

\lsed m nf aoéym ui:h 4 8ter E Lo G

" o 'progisterone, 17a 208" pi “or sc—cm'o i of ‘some. _
ytes.‘did obCuE  (Table 17w In the sef_nnd jxpertoent the pmm &

been cnllected fiom a gpent’ or. recovering fish the previcus. July and |

M .
muluratinnal zctivity was' seen in contrvls or sterold created incubacinns. ;s ‘

i
:ver, sone matiration i nduced in nacy:es ficibated with an ektract

pituitary glands (3.5/al of plasna).
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[ Inteétions. _"' , R I

" Pituitary ex:eac:, HCG, $6-G100, (cortisone and tgestemne _‘ P
ected intraperitoneally iaro iifeact £ish yielded no meaningful résults.’ | e /
e

Mot a— natural crar i obaciEal w effects,

rlments performed. early «m the semmn xymducﬂ\ no maturation, and

e 18 presents the results of one experlmmr. using this pronedure.

In 1976 fish-wers hypophysecmmxsed to dvold the onset of natural

e iration m,mg an exg_uimgnl: @able 19). Mo, xesponse to four daily

c:lcﬂs ap 1 mg/kg wes evident u)mlvl treatment with cortisone, deoxy- S h \\
5 icostemne, 17a OH piogesterone, 17a 208 ptogesterone, estradiol-

cmte or tes:as\:eron:. One mnr.h after the stlﬂ: nE these exper!mentb

_e vere. 5:111 noeians of maturation dbeic 1opsy samples were exanined
mr.&picauy In the fishes, treated vith SG-G100, matuzation was
. \ced; the thtee healthy' aninals proceded to, begoe oty ovBlaced

st the other digd p;in: to reaching this state, Plaice pituitar)

~oprotein (PC3) was effective in induéing maturation' in three treated

2 ; s & : |
s whilst a fourth fish which was dying wa® mot stimblated. v
3 X i - J g

1 Perfusion

None of the u'qcym@n gonads perfused with HCG, Lil or picuttary '

tacts exhibited any maturatim\. even when ovarian pleceg from. two LH~

fused gonkds were p\atntaineg 1\1‘1-". vitro inc]:batim\ for more than len

. N ovarian pleces from pituitary perfused:oviries were ‘main‘ulneq

h\cubalion 50 it can only be stated that perfusion of gonads with

nimry exm—ac:s _or HEG was nuc effectiv& at 1mluc1ng any maturation
29 T : v -
0 I|r. » e
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f . DISCUSSION

oidﬂn-;lxsiii' P
Doub].e isompe derivative assays, for steraids xm'pllcited in

te maturation, vers-mide én plisnd sawplés’ takén. from Eish L the,
opriate stage of sexual develnpml\t. Cortisol had. been mpucaud by -
ami’ and Sundarataj L(97D) a5 an in vitro aturation inducing agent’ in
Jsstlla and by mme (1972;) for 0, latipds. Assay 1 confirmed the
ence ofs cortisol 1n.the plasna of P. anericanis during the pertod”
before spavning (Apx’il—sz) until the resting and- recovery phas: .
y—Augusr.)‘ The values obtained in this work (< 2 ug/100 @l) are ’
iderably lower. than those reforted by.Bondy et al. dssn) for o

ed sample. of 25 male and female ® angricanio. No de:,us ue;e Biven.
etz work of the method of blood sampling and ch.e: analytical techniques

to’ make a Q intificition or purify the steroid

quan‘uﬁcauon. The values ab:aiﬂed Sfor the two flsh. In Assay 2 were '

fen\ 0 those obtained by these workers. This diEference is pm\:ably

to a reactioii by the animal to u\e stress of prnlnnged blood collection
the ovarian veth." (Fof a review o "gtress" effectsl oh corti-

{eruidngenesis see (guer ani: Truscu:c 1972). The. high concentrations

sortisol in plnsma of these two fLsh af differex\t maturational s[ules

2sts that this sterofd 13 unlikely to be involved in odcyte ma:u(atian"

P. amerianus.  Kirshenblit' (1959) activity

to cortisone treatment in M. fossilis.’ Moderate amounts of cortisoné

the insignifigaht differences An cnncmzamn demonstrated by an’
ay on pooled plasma san"ples (Asedy 1), and on gonadal and peripheral .

w4 of two selected Jish (hssay 2), suggests that it is unlikely that ;




this steroid is”inyolved in oocyte maturation. | C e

Denxycbrticnst?mne was found to be present at sindlar.low levels
1n the plasna-of @ ripening, fenale B. anérioams prior to spawning, ina
fully mature fish, and at ememe1y Low levels 4 pooled plasnas which
had been' collected through ‘this pertod of the réproductive cycle. -
Deoxycorticosterone, reported toibe the principal maturation inducihg
sterotd for A, fossilis (Goswant and Sundararaf, 1971); hia-zecensSy bem
mpuc:céd i SAETALAS OF 0 LA 6ooFERS T O8N (Talabereiat alh,
1973), and was foind by Colosbo eball (1973) to be’ éynche;méd in vitio
by the. ovaties of Leptdottun dmabu Ctand, Gillighthyo nitabilio

Cooper and Mtcmgaﬂhs prm:mus Girard, The IDH Pplasma levels detected

suggegt deoxycorticonterone 1a‘tnlikely to'be dire:tly involved P

maturacion of P. grevicanis. Anslysis of che peripherdl and gonadal
plasna of two fish failed to demnstruce the prasence of L-deowycortisol.,
Tnis stepoid has recently been demonstrated to have some in vitro
maturaciunal activity with H. fossilis oocy:es (Sundammj, 1974) and
¢St oocytes (Jalabert et al., 1974) and vas one of the “stetolds )
syithestsed: by ‘ovaries in fhe work of Goloubo et al. (1973).

. schiddt and Idler (1962) found u-ketoteuoacernne in 0. nepka'
during thi nigrato up river for spm g Dnuhle 1sotope derivative
assay of plassa from two' fishin the Present work' shoved mderate levels

v
only. More wm:k (ldler, iblished) hn b1, “ d th‘at

111 ke(ctescosrerune '18 not an: 1mpartal|l plasia steroid in feuwle,{’

a..d ignificant occur ‘only i.n males. \
: Progesternne has been lmpliuled in induction’'of maturation oF -




] 5 'v,,., e ri g9 .t

in H. fnsulw (k;ommi and Sunamuj, 1971). 5. gairdierii, E. lucius,
aml T aumtus uDCYtEI (Jalnbert et aZ.J 1973‘ JAstert and Breton, 1974): o 5
Progesterone was aaslyed m plasna from six fish i the March ‘to July )
period. The 1ov values obtained, which do ot suggest s involvasint dn

oocyte maturation, wete in che range ‘which had 'pzeviausly hEen demon- :

strited in these samples by’ uuq (pers. com ) using radioimmunoassay.
0f these steroids dnnxycnrticas:/ernne and cnr:ianuz are the only. ones *
which have been assayed in-the plasiias which were jositive in the'in vio . .

ooeyte matiration binusuy 80" these are the only stéroids for which 1

can :onclusively be stated that t.h&xe s ng. correlntion be:veen stéroid:

ity

cuncentratioﬂ and wun:tenu

s 1o Prag!u:ezene appears to ‘be a major.steroid in et | 0 T
culition, of soie fémale P. americamis. Schuidt and Idler (1957) reported .t
mgh levels of this sterold in 0. nerka captured dnring mtgratiun near

of this

the tine of spaning. The synthetic methumnisn. for gumuo

steroid has been demonstrated in’ovaries (Colonbo e ., 1973) and in

intetunal tissues (Tuble A VII Idler and Trus:ott, 1972) of several fiah

species 17!1 OH Progestexone ‘has been shawn to be an-active in vitro - . e

oocyte maturation lndu\:ing agent u s. g.nrdnezm (Jalahert et alv, 1972)," .

E. “lucius (Jalabezz and Breton;. 1974), and to have some activity in [ &
cuatus (Jalabert ot al., 1973).  The in vitro” oocyte’ tncubation data

Gl ; . .
presented here suggests ‘that this n:sraid and 17a 208 proges terone may

h‘ave similar m].e's in Bs amer’l:mm«um Significsnt ‘plasma :om:en:retiona s

\\i 17a ZOE progestercne were found in four ﬂsh sanpled between March and

July. A punl of plasmas collected from female P. americanus and which

had been shown tq have macura:ian—inducing nctivlty, had a ‘greater
A
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oncéntration of 17a OH ésterone dnd 17a zoa y than a pool
3 mac':m p’nsmas. Id 5. gambxem 17a 208 prngeaterone was the most’

otent mr_uration-in\iucing sl:e'roid 1denzified (Fostter et at., 1973).

n vitro It ;i - Technical L

', The v.lrlabui:y nmanifested. by the experimental technique used in
he present work | has made it duu:ult to conclusively evaluabe the
ap.ahuty of ¢he’hornonal systens to dnduce oncyte maturation, This’
ardability'appears to be &  product of ‘the sampling method of assesshent
uggesting thae dur!.ng incubntion, hetetugzneity 1 develapeﬂ within the
Tump of inaubated cocytes since’ nosign'lficnnl: difhariacas s smen habuesh .
zplica[e incuhations of the sdme ussue (Table 12). This was' t0 be
xyec[ed since obsetvatiun of :ha macurazim ptace’sses m vivo hqe never \_4.\‘
Stablished any differences hetueen-diffe:en: p:\rls of the nvary.

Comple:e in vivo maturation occurs durlng a permrdf *Eu than

8 he. In vitro tncubution, &ven in plaeml, hax been dhable to induce’

e, than 307 maturat’ m periods o of up to 212 hr. This.

ssengirivity of résponse, everi tn ‘rpertnants iu ok sone obcyte
atiuration vas induced b hirions Eestacltl oisete ki techndcal
'sign of s experiments 1s no adedoste to pu!lcive}y evaluate the
Efects of homanes on oocyte maturation, - ‘
Culburieof Elukips of codjien $utkD vith sicdssEn orsona

nduction of oocyte maturation’ has beén shown for several teleost species

Kawamura and Motonaga, 1950; Kirschemblat; 1959; Nadamitsu, 1961; couaagt

nd Sundarardj, .1971b and Jelabert of al., 1972). HReber, Hirose (1571)

G thit hliures op Geaetin frmenns vere congtderably less sersitive

o hcrmcnll stlmulation than, cultures n{ szparated uncytea. “The perfusion
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of gonads from P. americanis with physiological doses of cortisone prior

" to in vitro dhcubation d1d mot induce n;..mafm oocyte maturation in **

two of the three. ovar(es tested a gug\t effect was seen in_.the athu.
Cortisone hgs been shnwn to hnve dome. matura!ionnl nc:ﬂvity when oocytes

are incubated1in plasma (Table 16), but eves uhen gonadstuere pexfused

-and presunabfy the hormones delivered to the target tisaues, no major

ococyte matuthtion was xmluced. This gxpar!menc together with- the dar.a_.

dfscussed below on hormonal induction of oocyte maturation in plasna,

saggests. that there were no' problens of permeability’to the hornones

fmun the cocyté. clumps.

.4 . Observation of odcytds of P. ‘nericanus in incubation for up to

212 hr has ot Ahmm any evxdenne chs: those {n :hz clusp centres were

killed' houever, the experience of nmm (pers. "comp, )" m 5. gnu‘dhen'b v

was that the mucy of corytes’ o uspaml to hormonal thulutian, even

&\£fusion was ‘a problem,

A lack of sufficient oxygen diffpelon iito
clomp SeRtres night 1ead o the development of - netty. of }asgénse
to maémem ui:hi.i the Wﬁich due to the sampling fechod of
assessment lmpleyed in the present: wotk, Gould sccn\mt :}.;.gxpéri—
mental varisbility snd mmmvm denonstrated,

‘Jalabert et al. (1972) stress: that oocytes in which, the gemirml
vesicle has migrated toa pmphenl pu.m.m w!xe Essential for auccessf\ll -
rin vitro studies in s gairdnérii, The presenz wark wwld suggest that

clear demnnltr:tioﬂ of mnturacienal activily\ was not’ pcasme “in any

incubation performed in axdf‘ {al media, Some a tivity was "

nonetheless seen even in experimenta using oocytes prior to the stage of




aigrated gemuu vesicle. '

Only one experiment” (‘[lhle 13) ullll; om:y(u from rjle ovary of

£1sh which had started to mature-naturally gave an tndication chat T,

additional hormone administration may be able o augment the n-tnnl

" stimulation. It would seen that using an assay system of this sensitivity

_Maturation and Ovulation

it 15 noc possible to evaluate the effects of hormone treatients in

addition to an'earlier’in vivo stimilation,

At no time durfng the present work ias ovulation been noted in

in vitro experiments, In'S.‘gairdnerié ovulation does not occur in vitro

itter stin wieh gonadogesple or steroldal ons (lalabere .

ot .iz. 1973), but wumm 414, oceur vhen nucy:u were lnmbated n
sone egg flulds which had, bm collected after fumd striaptag of ripe .
fish, In an enzymatic anilyets of these flutde, breton et al: ‘97
demonstrated higher activities of trypsin and chvnnypun in fl-dd:
vhich stimulated ovulation. Hirose (1972) clains ‘that in 0. htw

- gonadotropic or steroidal tnltlnl of ncqu.l in vitro ranllud in

Ind lation. " His ‘of ovulation 15 a lictle \lndul

(Hirose, 1911)‘ but his ovulated oocytes were uplbh of being fertilized.

The hormonally induced changes seen after :mn;eni of bocytes, from_

which the follicular layers had been digested, were ‘described.as -

vuvulatim (llholl, 19715) which lugzelu he dngl not rlhltnguuh between

maturauon und ovulation. Sundarlraj and Gvnmll (1972) did nuz sepnrau

the Lhduction of. naturation asd ovilatlon in evaluaéion of Hormong

treatments. . £




T gt
Kawaniira and Notonaga (1950% and Utsonondya (1954) .ul\wecjl ik
frog pituitary suspensions were capable of inducing dvulation in vitro
in C. bivae. In M. fossilis, Kirshenbalt (1959) was unable to induce
in vitro ovulation..’ Goneharoy (1973) did mot distinguish maturation from
ovulation in bitro incubation of oocytes fron Casplan sturgeon, Schuetz
(19675, 1969) suggests that in R.P’L'pi%nka progesterone-1ike ovulation
xnﬁucing suﬁszgnce is.capable of inducing ovulation but Alons;-Bg.dal:e
et"al. (1971) found that progesterone Ewas not ‘effective at inducing
ovulation’ n vitro in Disaogloseus pictus. ‘ .
It seens that eongidersble confuston extts {n the Uteraturd
about oVulation in vitro, - It is pcsuihle that 5. gatmhemz with its
Yinaked" gonad'structure Hou].d emplay differem: mechanisms than I:he other
fish whose eocyr_:a do ‘ovulate in vitro. The negative results in 3
ameriAmiouny;rafisct tha insensitivity of the assay systen or the
ahsence of mechanical effects, due to action of ovarien and, body musculature
SEG I NG AAEIEE gsh, TC 4 pOSIBIS bbue sormal erulatescirs by
aéchanical rupturs of follicles after the, swelling of cocytés during :

Inatura(levrn‘ Hirpse et-al, (1974) showed a 9% mctease in the diametkr

©of .oocytes Emn Plecoglosaua altivelis nnd the preaent work has shoim a

-37% increase in the dinmeter of Pseudnpleumneatea mmcmua uocy:ea € §

during maturacion and ovulatich,
. Nadanitou (1961) inyestigated the processes of ovulation of i
fossitis ‘eggs in vitw after in vivo stimulation with frog pitut tary
extraits, jie hypothesiscs that agents such-as potassium fluoride or EDTA,

by removing Ca?* from ¢he follicular membraned, bring about ovlation of

mature oocytes. 'The contribution of lons to maturation and ovulation are
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9t understood. Failure to induce.either of ‘the processes in P, ams)wzmus
reytes in vitro could be the result of insufficfent atteéntion to' the

onic composition of the'media. In the présent work no ovulation was

smonstrated under the homone treatments tested even when oocytes were
neubated in plasma. > b_ L '
nkubation Media )

Thé Forster and’Hong £lounder saline vas modified. for this work 5
n order to match itg constituents as closely a; possible to the phye‘il:u— ‘ g .
‘hemicall pioperttes of 7. anericmua body £luids. 1t vas observed that éé
he pH of & feu plasmas tested xanged from pi 70 to 7.4} the ¥a¥. con- : ‘ﬂ
entration of gonad flulds vas 150-200 mea/1 and 1 these flutds wa ;”l ;
0-17 meq/1.  The osmotic pressure: of. gorind fluids vas ststfar o chat Iﬁg K
een in plasma duting the March to July season (470-720 ‘n0smoles: 3 YA
letcher, 1 pross). e ~ é i

The conponents. of media sed “for in vigro oocyte fhcubation in
everal Tnvestigations are Iisted in Appendix B. Slmhlinu}( W)

loach ringer is notable for the high pH np[i\mm found 1in test experimenls, g

hilst 4ll the other media are used'at pH 7.0-7.5. Tonic calcium s
dgher. ,{n/:'ne me; and Hong hn};ed sndss: fhan thé Giber warles toiabie
edtum (Cobb, 1973), or any of the media used for Eresh vater spectes.

If the hypothests of {nhibicion of ovilation by cat1on (Nedaniteu, 1961)
16 agplicable, this higher concentration could account for the dnability
to-demonstrate in vitro owlation of P. americamis oocytes in the present '
sork. ) '

. Tvamatsu_(1973), found that bovine serum albumin’(fraction V) vas
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A1 he optimised-the fone cpnéentration; b effect cauld be attributed
the presence of the proteln n the 'ri;\al_ bu;nneeé'sal:s solution.
iver Skoblina (1974) descngirited that the use of - 0.1K solytton of
albunin in the Ringet's solucton factlitated the in vitro, maturation,
ponse of M. fossilis cncytes to pltuitary honogenates. The use of 3

fum confa{g@g 20% cal’f ‘serum by Hirose. (1971) raises ‘the pnssibility

ruone treatments seen dn his cxpslrimenis could be d\;e J

‘action F womadbenm clhavdtine in conjunction with thetreatment.
importance of protetn additives ducing in bitrohatiration s unclear
se in the extenstve work of Jalabert and Sundarara i Vitro naturation

induced in the absence.of such additives. ‘It would seem that the

bility to der strate ‘significant of P, icanid- oocytes
IR L, saline’ i unlikely,to be the resuit of the
stein free nature of ¢ this nedti,

L e Oocyte Maturation

Some maturation ‘inducing dctivity by 1o OH progesterone and 170" Bl

8 progesti

ne has been seen uhen P, anepicanus oocytes vere fndiibated ol
plasna fron nale or femle £ish (Table 16, 17); sitghe effecta ugre
o upon ‘incubatton In saline Table 14). - 208 progestercne and progesterone °
fects on oocytes fncubated in saline vere smallbut thase steroids vere
t tegted in plasma i\'muhﬂ\:ion.. '

Prostier ot al. (1973) found that 17 208 progestezone was more .
SHieras an'én witro maturation inducing agent in S, gairdierii than

thér 17a OH progesterone or' 208" progesterone. Jalabert 'and" Breton (1974)

owed that 17« OH ne and 208 OH were efg?lt times

" powerful maturation inducers as or deox




wmh in um-a r:u].[ure of E(,luaws nocyces. In u;tm mlturation
experinents 1u e aurgtus (Jmhexc o dl., 1973) shoted slight etteats

due tn fis while proges hnn‘ 1 action on aocytes

of H. j‘nastlts and- 0. lanpes 1ncuba(ed in vitro-(Goswami and S\mdéta!aj.

1971, lense, 1972),

170 Of and 17a 7208 prog were present at high

‘levels' in the “poo} of biologically active P. americanug plnsm and also
in plasma fmm three out of four mdividual fiqh analyszd. One Df these

Huh “had ‘been sampled one month befoxe any Eish nmlergnlng mtuutian

were seen in Lhe laboratory, one uthu had just begun cocyte mal:ural:ian
(202 mature) while the other was :mly begimlng ma(urutlon (5% mcuxe).

The of . the in b ly lctive plasms 1! evidence,

when taken togethet with the in vitro incubation data, that these steroids

s i
may be involved ir vivo mnzurn[lon. g m; difficult to reconcile the

findings of significant amounts of .tl\ese harmtmes in a fish which was

unlikely tb be undergoing maturation, with an hypothesis ‘involving 170 0K s
and.17a 208 a8 maturationfnducing e j
Yy . g
One possible of the of ble amounts L. :

of‘maturation inducing steroids in plasna prior fo the onset of nafural ,
maturatinn couldbe that a chaige in protein hinding for these Hormones,

together with mcusa:d synthests, is part, of the. maturation stimulus.

Fostier (pers. com.) has found chat usk of plasma for i vitro incubation ) S\
of pocyteh dogs notaluays Tesult in steroid indiced matufacion 1f thei >
numl’ experimental dosages ire used. He explains this anomaly by sayi.ng

that binding capacity astatatas a oubeativinal. dose of ubound hormone n- .~

cultﬁre. “However, in the present work no difference in binding of 170208




has heen demanstzated. This analysis was not perfomed on nl\y of the

plasmas aséayud by, double isotope derivscive asaay, but aliquots of tvo .

plnsnu; Vit hud g ed slight ix vitro on were included: |
“The ‘amount of - trgcer sterold bound ‘to the plusm in all ‘samples tested
exceeds the value of. 1.4 iy 176 208 progesterone/100 ml defermined by o

DIDA'of pooled plasmas with maturational sctivity. The mass of labelled

Sortosd aued du s g i ents 3. 6 tines et ]
level.: The maxipun cnncentratinn\bmmd vould be equlvulenz. 0 t.mz yef100°
“al of .the male plasoa-which 15 lexa than ra1 of the concentration measuxad
in some plasmas from P mencanua. 1dler and Freevan (1969—)-'fnund ;hac
ba dose nE 25 ug gestosterone/100 ml was wiecessdry .to saturate :he pla!ma
hinding “system for this horone ‘tn Rdjd radiata Donovin,. a dose which vas
2558 tiew higher sthan :};s physlolngiznll plasma nuncennmcxgmu “demon=*

y i

stratad by Fletcher et al. (1969)s It would seem unlikely. that the amount )

of radlcaccive steroid added’ was emough to saturate the hindlng systm in

P, anericania plasng uhich means thatthe value for hinding A probably ' <

accurate for tiis steroid concentration. . .
" Thé ‘steroid binding sites in the nale pmm tested would llkely .

b Saturaty under the cm\dltlans of the in vitro incubation expe(lment .

(equivalené‘ 5 2500 ug stero1d/100 ul plasma) ; thus ehe difference in

protein binding between the' two dale plassas used for in vitro tncubation

" would be uilikely to account for the failure of scuam to induce oocyte

naturation in one of them. P g : s :

Deoxycorticosterone .andicortisone induce maturation of P. anericanus ;

However, the aralysis of plasms stemid.gsugges:s that

ococytes in vitro.




the in ity action of these smoﬁs 1is-not the nomal Gn vido system.
Deoxycnrlicos[&rnnb is a pauerful oocyte m:qxa:innal agent inm fossilis
(Gosuzmi and Sund:\raraj, 1971) and has been. shawn to’be acnve on oocytes

of C. auratus (Jalabert et.al., 1973) biit has not been conclusively

Xdentified as -a normal .

49 maturational ‘agent dn either specles.
Kirschenblat (1959) “shoved that cnrr_isone Lndnced maturatipn of oocytes

" fasilie culturerl P BE e o aVidES forH di:ecth

+ Cortisol is an’ active in vitrio maturational Age.nt on uncyt:‘s of
H. fossilis and O. latipgs (Goswami and Sufacara, 19715 Hroas, 1.97»2)
but no action on, P.. anéricans oocytes was seen in ‘viteo sad analym of
plasna’ concenuaunnx did not support any hypothéés of involvbmeht of
this steroid in maturation.

‘Intraperitoneal injections of steroids into hypophysectomised

P. americanus at 1 my/kg (on each of four days)- did mot induce maturation

or av«ls-latinn:, Though one intra-puscular injection of 1.5'mg/kg vas
adequate to sumﬁiaqe vi{eliogenesh vith estradiol (see Part A) this
dose was muchi lower than that used by other workers to stimulate
witiration Tad owulation (Sundararaj and Goswami, 1966). Their work
1nvolved.. single intraperitoneal injectinns of up to 300 mg/kg and resulted .
in maturation and ovulation of H: foauiis oocytes with cortisol acetate;
deoxycort{bt;gtaz;:ne acetate and cortisone acetate but no effect was

observed with ' test * or estradiol benzoate.

\ e U
These data suggest/that the amounts of steroids injected may have been in-

syfficient to induce in vivo maturation of oocytes in P. americanus so

: 5 s 4 .8 5
that the in vivo-effects of steroids may not have been demonstrated

on of this steroid in nom;ul in vivo -oucyre.m:umcip,n of any species.”
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: cunclusively.
'The Effect of Proteih Hormones on Matuutiun Y N X

o Slalmon -gonadotropin (5 g/il).was slightly effective as a.

~ uration, inducing substance when used for oocyte incubation in one male

plasma (Table 17, p. 92 ) but wds-unable, to dnduce any sctivity, 1a another
“experimeat (50 yg/ml). Two. . platessoides e
deponstrated no maturational activity at the'doses used for incubation
(862, 0.2 picuitarios/ul; reff0.s pituitaries/al) even wlien PG3 was used |
in a co-culture of ovcytes with head kidney,tissue, 5 anericanus’ :
pit‘uitary extracts containing 0.1 0.2, or 3 ¥ glamis/ml “induced very 4
. slight activity on th!ee occasions but nine other expertmem showed no’
effect due to creathent with 0.1 up to 1 gland/nl. ' .

The salmon gandotrnpm. (SG-G100) has been used to induce in vitro °

. maturation in S, gairdngri®® (0.5°ug/al, Jalabert et al,, 1972), C. auatus’

g/, Jalabert nd Breton, 1974). In 1. fossilie, Sundararaj et ali.
(1972) found' ;ha: up to 40 jig/nl of §6-6100 was incapable Gt Inducing
ovalation. Gnswqmi etal. (1974) shoved soie in vitro srithtion Gl
fossilis ancytas were incubated with o vg/nl 563100 and that :hn response
was 1ncteased by co- culture of the ‘oocytes with head kidney :issue. In
"the preseit work no clear effect due to SG-G100 treatment of oocytes,
incubated in ‘saline, vas demonstrated vith or without head iidney o
" culture. " pa L )
Treatment of hypophyséctonised P, anerteaiys with 56-6100, or -

. £, .
pituitary.glycoprotein fraction (PG3) resultedeln maturation of oocytes.

This szlmon preparation has, been used by Yamazakd and Donaldson (1968),

Sundarataj and Anand (1972), Ishida et al 1972) anrl Shehadeh et al.. -

3




i 5 : T ., - 10

(1973) "to tnduce ‘ovulation 1n C. Geratus): . fossilia (12 mglig), P,
altivelis (10 mg/kg) and Migil ;éphapuh L. (20 mg/kg). The fraction
'$63 s the glycoprotedn material of . platescoides pliuitary eitract,
and ahould eontata, iy classtcal gesdotiopdio. 16 ERla 7 vivo work
it fas beliaved in @ sinilar masmor to the’salaon gonadotzoptn but no
»in vitro maturational activity has been demonstrated.
T T T g— gonadotropin (HCG),

1uteinizing hormone (LK) or P. anericams’ pituiury bret did not result - S B

40 an “induction of matumr.lon ‘This might syggest that gnnadottopins

camot stinulate coéyte mituration directly. Jalabert et al. (1972) 2 4
H
found that Hherea! 0.5 pg/mL Sﬁ-ﬁlﬂl} was effective in in vitro ma[uratfﬂn i

1n 'S. gairdnerii, doses of up,to' la‘ug/nl LH or (PSH) and 40 T.U:" ncs e

were "In vitro 1 fon of " of C. quritup clesrly 1y

demonstrated a specificity of action even among fish pituitary preparations

and a clear insensitivity to mammalian preparations; LEor FSH'at 100

ug/nt was totally ineffective and 200 IU HOG produced a Very siight

effect (Jalabert et al., 1973). Ii E. luciug L and su (1 ng/al) omd e

HCG (250 lU/ml) were totally without maturational effect irt vnm

" Piscine preparations hovever, induced in vitro maturation in F, luaws

(Jalabert and Breton, 1974).- Sundararaj and“Anand (1972) shoved that
*56-G100 vas 2.5 times as gffectiva as L in.ftinulating m‘n{npun of i |

B fossilic cocytes in vitro. Hirdbe, (1971) showad-ghat in vitro - . ‘{ o
maturation of 0. latipes -oocytes resulted from ;:teatmnt with low doses
(25,10, 0.4 ug/al) of HCC ox L much higher levels were needed using

pregnant mare serun or FSH but some effect was seen with these. Further

work (Hirose, 1972) showed SG-G100 to be ten times as effective as LH.




‘m

the gonad ‘of P,

may accqunt for

+ inability of perfund ganadotrnpins“ (8.2 v HCG; 3 ug\u!/ml) to

uce bocyte mnturatian.

ovulamm was induced in hypnphysectamised P, americaius using ..
L3 injections of PG} equiyalent’to flve pi‘tui—tar)‘ glands/mﬂ gm. Df fish
“reas perfusinn was performed using an exr.xac: of two. to fpur P. .

‘ricanw pituitaries éx‘uaéced in 50 ml of medium. It Seems likely,

" the ngm: of the later experimerits, that this amount of extract was

to [ a, and that these resuls doinot add”
r. evidance to ‘the argunent over the dite of formation, of mturltiol\

P
lucing steroids.

.me Course of Oocyte Maturation . g
The time lag be\:ﬂéﬂ:tﬁmlatiun and appearance of maturatdon. is

ot yet known. When'38 plasma samples were bioassayed in vitro only seven

howed maturational activity. Of these deven, five samples had been <

sllected from fish whose gonads vere partially maturé and undergoing

vulatdon uh&_lsL the other two showed no sign of maturation. One plasna

5 part of a serles of blood saples taken from the same Flah at datly §
ateivals; the sample which shoved biological activity was collected 22 hr
‘emre the ‘onset of m;wration was confirmed. -No blnloglcsl activity was
cen in any of threé sore daily samplos even though ovumm. was not

omplete on the fobrth iy These data suggest that the wataratlin

‘timulus pre:édea morphological changes by, at least 22 hr. Tréatment with

“madotiopic . preparations in viVo induced maturation five days after the
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tst njiction and invitro Lacsbetion ia plagm demnat\;nted nituration
cén four days, This delay means' that the yre—mamre mnmring and

ture clasaiﬁcam\n Tised when samples were collected in this pork are
t nccurm encugh to ptadict the ssmpung nec:asar)’ for analyeis of
(umtim\ induning.suhstnm:és. b could-explain the high levals of

o8 terone and 17 zca

e acen i 'a mple fron a non-
tire £l in Assaj 2. The lack of bocyte maturational, actiyity in nany
the’ plasmas uh)tch had been designated as maturing or mm(e and th! il
© hat in, the serinily spiptel flsh only chfe first sample had this

itiyity, suggests that any hormonal naturation-nduciis stimilis nust be -

pidly rémoved from the blood..

thods “of Contiol of -Jocyte Maturatfon - , . =, 8
The ﬂnding—;;f sfgnifican of 17a 0K

1170 208" progésterone 1n plasm having biological. amvicy 15 ot
tclusive proof that thete. steroids are tovolved 'in P, arenicams oocyte *
turation. 'The anomalous ftndin; of ‘these s:ewida in the plasma. of one
1sh a month befors the spavning seasen is: hard to explatn. " -
- ' The demcnstration of lov levéls of these utezold?/in ovartan £luld
0ss nof: contradict’a hypotheais invoiving then in Raturation since_in the

Lossoay these tuo samples déveloped only ane o o p!rcent saturation
“ter ten dayg and the yolk mass remddned heterogencous even then. ~In
ontrast, three, of the, fout active s fusaae whileh {nduced fialy -
ture oocytes, did o within four days.
It is possible thit the paturationsl activity of these Hutds

mstrated in the binasway ds die to the pxeszn::e of gonsdn;mpln.. Ic

not, possible to assess the amount of this hormone present, but the
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pari.ments invﬂlving incubnian in male plasma* could be axplained by

Hypothaits of, jotnt’ action of gnnndatrnpic hcmmes vith steralds

rmatutation. When fresh plasma’ Tron ripe hales uas used, no
wuracional -acnvic;; was ‘seen 1n control incubation and only a'nc:lé.
:h testasterouz, but zhe othzr sletnids induced up t0.30% matural:lm.
en frozen plassa’from 4 spent Hish wls ised for incubgtion, alight
)cy(e maturational acr.ivil:y was geen when it was H!:d with a flmmder
Leuttary homogenate; but no effects die to sterolds could be shown.

©r (1963) shoved that Pleronestes platesea L. pl(uitnri s ‘collected |
ron ﬁsh ‘in the suamer denonstrated less gonadotrople. activity vhen
jected fato" hypeyhysectumlsad Flsh than'do glands fro winter fish,

hich suggests Ehat the Fladha, of 4 speit igh woild contatn ltetle "
snadotropin. It would seem possible.that this present work may hnve
“own maturatiopal activity due to sterolds in thi presents. of factors,
“esibly gongdotropins,. which are nn:‘ sktmulatory by thehselve:. Ti
emale plasma, which has. an endogencus daturational acetuicy, creacment

£ nncytes wlr.h sterolds produces aﬂditional effecw. Ovarlan fluid "

"o thirds of which was collected from the samé £ish a the active plasnas
nd ma[urstlnnal activity o|| in_cuhated onl:ytes but did: t‘mt d'emvnat%a_te ‘any
dditional stinulation due to sterold treatment. g
hat the extracellulat Flulds contained in the gonad would be rich dn
onudntrep!n since, as’a target tissue, the gonad iollicles should bind
he hormone acdvely m‘nzllulax recepms. 1 e

In this work no maturational activity of steroids in the prescuce
£, platssamdesglycnpmtem was seen when oocytés were incubated using

‘saline. Hirose (1972) failed to demonstrate any’ additiﬂnal effect dye

It would ‘seem unlikely. -
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' * 3 4 . ; p
" the’presence of HCG dn dncubation of 0. Latipes cocytes with cortisol
¢ progesterone. The data of Jaladert at . (i973) shows that for C.

“ratug “only c induces i o the, presence of

;tapin'mne_ and in 8. gairdneris 208 progesterone wis the only ‘steroid
zated (17a 208 Progesterone was not, tested) which effectively induced’
ituration dn oocytes fron,which the follicle cells had been digested..

’VE!il steroids have now been shmm to have some mturational activity

a P icanue.  Similar hnvA besn Lvesihy Sundararaj

4 Coeant (1971, 1974) for #. fosailio;.and by Jalabert et al. awm
ax S gainiirii and C: it Hosiever g with He;npi'rcme and
munum oocytes (Jalabett; o al., 1979) suggents ikt e of thase
ormones may not be dtrectly acetve, but gain their activity after L
qaymatic triisformation in the folllcle cells to the, actul naturatiof

nducing substam:e. T 5 g

% a gnnadotmpic factor 1s nevessary, in ‘addition t5 any of ‘the

ested’ steroids, for .the’ of s in P, i oocytes,

his could explain the lack of effect of steroid injections into hypophy-

ectonised fish and the different results obtained by inwitro culture -

n different plasmas, However culture Gf oocytes with steroids and PG3:
= 0.8 éunds/muhace) m'sniine g not induce oocyte naturatiof.
A slight (22) n vitro-maturatton-indictag effect vas soen die to

neubation of oocytes with salnon gnnndotropin in male plasna. A sinlar
xperiment demonstrated slighx: eflecte due to treatment with a brei

% 54 5 female P. americanus pituitary glands per ul of plasma. In H. 3
'aasizis.(s.undau.nj et al., 1972) doses of up to 40 uglml of so—cmu

ere ineffective and #, fossilis pituitary-honogenate (Goswani and




'us

o
Sundararaj, 1971) was, lneffenzive nt dhnen up to!800 um/ml o dose vhich:
. -probably represents 1 glmdlml. : L

This slight activity ofdn vitro gonuddtmpic preparations could

indicate that P, americanus- unuke H. fasmlw, but slmilur to A N

stellatus, C. aumtua_. E Zumue, M\

s0iis, O 1mpea and s

i 1a able-to atic mduung stanc wi:hin

the gonad in response to gonadotropins, oie; 1m1t.atiqn of this dau on,
5%

+ americanus nm:ytes mlls! be tlmt the compoﬂitlum of the‘ lncuhabion .

plasma is unknown any ‘of. its constituents could have rutt:d with

; the test preparations th produce these results.

Az:g‘K:s to ddentify the source’ o these mpmd mamur.lon

inducing stedbida by quantitative analyses of gonadal and peripheral

i;lasmas have not demonstrated this saurce. -‘Collectiins of. the

blood sanples sere aluays made, after gonadal venoius effluent’hadsbeer |

: :cllected. Since the durstiﬂn of g(mndnl effluent mllectim\ look (ram N

Steroids identi¥ied as msjor pllsmn cuns:ituents are cortisol;

170 OH “and 17a 208 i .

\2. Steroids fdentified as minor plasma constituents are cortisone,

¢ 11 and >

3 na;m'a samples, which demanstrat_qx aturation-inducing actiyity
: in an m vitrp bloassay, were. found to contain nore 17 OH proges terone

and 17a 208 progesterone than mp{es which did not. demnnsr_nte _ o

maturational activity. 1 A - i PEAE %




4. Treatment of oocytes,:incubated in some fish plasmas, with

" cortisone, "deoxycor 170 oH or'l7a 208+ .
# . P A s
progesterone resulted in some maturation; this could be.due to joint

action with a gonadotropic constituedt of some plas:

. 5. Aslight in vitro 1 effecy6F

, - suggests that the gonad-of P. anericar
r uBBeST >

may respond directly to ‘pituitary

Sl

stinulation. ‘.

. i 6. Treatmént of hypophysectonised Fish with a salmon gonadotropin

< preparation of FistPituitary glycoprotetn preparations induced

haturation of .cocytes and-ovulation. . . v by
* . 7. Injection of, 17a 208 proges Vo ; :
eradiol hegx}m< or into ? fFish* <

did not- induce oocyte maturation or ovulation.
8. Mo conclusive oocyte maturational activity was detected for any

steroids tested in in vitro incubations using synthetic media, .

e
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