VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

. E CONTROL OF
THE ENDOCRINE CONTR( -

> I N “THE PLAICE,
REPRODUCTION IN “THE Pl

CT . ATESSA |

———

W ALAN BARR




ProQuest Numlber: 10656194

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10656194

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



"rontispiece, The effect of hypophyssctomy on the clhircaatophores.
Hypoyhysectomised f'ish on tie laft,



Frontispiece






I wish to thank Frofesacr C.M. Yonge anxl my supervisor Ir, J.D. iobertson
for the encouragesent which I hawe received from them duwring the course of
this stully., I would like to exwess my gratitude to Frofesscyr J.M, Dodd
for allowing me to use the facilitiss of the Gatty Maripe lebaratory,

St, Andrews and for the practical interest which he hus taken in my
work, I wish % ackrowledge my debt to the Director amd staff of

the Marire Station, NMillpart without whose assistance in iroviding the
material, this work would not have been possible, Flnally, I would
like %0 thank Dr, B.M, Hobson, Director of the regnancy Diagnosis
Laboratory, Edinburgh, for his help in the bdiocassay of the pituitary
mterial and for moh helpful discussion of my thesis.



1.

Je

e

Material and Methoda.

Ae Sowrce of fish,

B, iusbaniry.

C. Hypophyseotomy.

De Treatment of material,
Ee Bloassay.

Review of the Literatwre.

Le The owary.

B, The effect of hypophysectomy on the owary.
Cs The teatia.

D, The effect of hypoplyysectomy on the tastes.
E, Tho telecat pituitary gland,

F. Sioassay of fish pitultary preperations,

The Ovary and its asmociated Structures,

Ae Anatomy.

B, Foliioular meriwunss and their derivntives,
C. Cyocliocal changes in the owmry.

D, Discusaion,

Experinental Studies on the Owvary,
As The effect of hypophysectomy,

B, The effect of administration of gonadotrophie

preparations,
G, Discussion,

1.

6.
6.
6o
12,

25

28,
28,
36.
bis
43
49
55

63.
63

81.
81,

1m'.
106,



6.

1o

9

10,

".

12,

- ive
The Plalce Testis.

Ae Anntomy.

B, Cyelical changes in the testis,
C, Discussion.

Experimental Studies on the Testis,

Aes The effect of hypoplhysectomy,.
B, Mesoussion,

The Flalce Pituitary Clani.
Ae Anatomy.

Be Cyolical changes in the meso~ademohypoplysias.
Ce Discussion.

Bioassay of Plaice Pitultary 'aterial,

Ae The sparmiation response of Xepopus lasvis,
Be Inmature mouse uterus assay.
G. Dilm-m

Gensral Discussion ani Conolusiona.
Summary.

References.

P 1%,
1%.
118,
122,

16,
16,
178,
186.

197.

212,



-1-

Although remroductive endoarinology is a well-established
soisnve in the higher vertehrate, its comparative aspects are atill in
a very eariy stage, Endocrine mechanisms sre similer tiroughout the
vartelrates and it is recognised that variationa in hormone function are
of a seoondary nature, While this is true of the Teleostei, our knowledge
is largely reatricted to a few species which have proved amenable to
laboratory conditions and experiment, It is difficult to make
generalisations on the basis of this informution sinoe it is often
inadequate and conflioting aml any extrapolation to include the encrmous
nsmber of species of fish would be unjustified,

Much of the work done has been carried out by pisogiculturists
whose immediate aim has been to discover means of mardpulating the
envirorment in such a way as to bring tie production of new generations
of fish under their control, Unfartunately, the plamning and execution
of many of the experiments has lsf't much to be desired with the result
that there is a great deal of information of a rather superficial kind;
the basic studies mecessary for a trus understanding of reproductiwve
physioclogy have yet to be undertaken,

Information on the reproductive endoarinology of flatfish ia
comple tely lacking ani ths present study, on the plaice, Plesurcnectes
platessa,l, ,a large marine flatfish of some commercial importance, was
undertaken in an attempt to fill thia gap, The oconcepts cwrrent in the
reproductive endoarinology of teleosts have been built up largely from the
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study of specific aspects of the roblem in a variety of specisp and in

the present woark 1t is hoped to make a comprehensive atudy in a single
species. By approaching the mroblem from a murber of viewpoints, it

may be possible to elucidate some of the basic principles underlying
reproductive endoarinology. With this in mind, it was felt that detailed
information on the morphology of the pituitary gland and gonads was
essential in order to have 2 background of knowledge which could be used

as a basia for comparison with the results of experimental studies.

Altheugh there is a great desl of information on the morphology
of the internal generatiwe orgens in viviparous and evo-viperous taslsosts,
the complete aycle of changes has been investigated in only a few speciss
of oviparous fishes, most of whish have been fresh-water forms. Acoardingly,
samples of plalce were talen at frequent intervwals over a pericd of some
fifteen months and a detailed examination mads of the histological changes
in the remroductive organs,

Similarly, the structure of the pituitary gland hes been described
for a mumber of species of fish but in only a few cases are there uny data
on ayclical changes obtainsd by the application of moderm tinctorial
and histochenical techniques., The aite of oduction of gonadotrophie
hormones ia geterally agreed to be the basophil cells, but there is still
soms doubt and gonadotrophic functions have been attributed to the
carminopldl celis., A detailed histological study was therefore carried
out on pituitary glands taken from plaice tiroughout the reproductive cyocle.

The techniques of hypophysectomy and administration of endoerine
material have contributed largely to the knowledge of the control of
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reproduction in mammalg, Some attempt has been mads to apply these
techniques to teleosts with verying degrees of suceess, Hypopliysectomy
is diffiocult to perform and post-operative mortality has besn high, The
effect of hypoplysectomy on the gonad has besn studied in only 7 speciss
of fish and the results indicats that the pitultary gland is necessary
far roper function of the gonads, There is, howewer, little information
on the detailled effects of hypophyscotomy and it is not known whether the
offeot of the operation varies in relatlon to the gonadal condition
of the fish,

A successful techniqus of hypophysectomy has been devised for
the plaioce and the effects of pituitary removel have been atudled at
different times of the year and on fish at different stages in their
reproductive gyele. Studies complamentary to these have been made on
the effeot of administration of hormones into hypophysectomised animals,.

The presence of pituitary hormnones is necessary for the full
development and funotioning of the gonads in memmals and the experimental
data are best explained by the presence of twe different gonadetxophins,
Folliele stimulating hormone (PSH) cuuses growth of the ovarian follioles
in the female and thw senminiferous tubules in the male, and is primarily
responsible for the development of the eges and for spermatogenesis,
Iuteinising harmone (1H) causes the secretion of anirogen by the interstitial
cells of the testis and the searetion of cestrogen by certain cella of the
ovarian follicles, This harmone also produces mre-ovulatory follicular
swelling, ovalation and conversion of the folliicle inte the corpus luteum,
In the female, and probably in the male, an important synergistic
relationship exists between IH amd PSH, which involves the processes of
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of follioulsr growth and ripening, the secretion of steroid hormones aml
ovaletion, However, there are certain limitations in owr knowledge
concerning the fundementals of pituitary gonadotrophins in msmsals and
these uncertsinties are still more obvious in fishes where many of the
basic date are still to be determined,

Although the results of work on the teleosts may all he fitted
into a aschems involving FSH and IH, it is not at all certain whether more
than one gonedotrophin is secreted by the fish pituitary, ar whethsr the
hormone ar hormones in question can be oconsidered identical in function to
the gonadotrophin of othem classes of vertebrates,

In the prosent study, an attempt has been made to answer some
of these queations ard much has been made of bio-assay techniques involving
animals from other vertebrate oclasses, In the past a great deal of
importance has been placed on the concept of species specificity of
pituitary hormones, though there is little doubt that much of the evidence
on which this concept was based is scanty and in many cases contradlotery.

A major disadventage in the use of teleosts (particularly marine
species) for experimental work is the difficulty of husbandry. lMost
warlese's hove reported survival periods of four % six weeks after
hypophysectomy, (Matthews 1939, Buser-lahaye 1953), although longer periods
have been obtalned by a foew workaers,

The diffioulties involwved in securing adequate survival were
partioularly evident in the early stages of the present investigation,

at which time wmortality was excesaively high and a large nusber of fish

did not survive hypophysectomy long enough to show a recognisable effect
on the tarpet organs., It proved necessary to devote much time ad
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attention to lusbandry before these difficulties were surmounted, lHowever,
morvival periods of more than a year were eventually achieved and the
basin existe for a much more extensive geries of experiments, The latter
should determine the extent % which the endoorine organs ocontrol
reproduction in teleosts and should yisld finr-ther information on the
interrelationships batwesn the various endoarine glands of these fish,



II, Material amd Methods,
A Source of Fish

This work was carried out on the plaics, Plesuronsctes platessa,l.
The fish are trawled from the Firth of Clyde near Mount Stuart, hy the

vossels of the larine Biological Station, Millport and sre tranasported
by boat to the mainland in open baths in which the water is changed
frequently. They are then tranaferrei to large metal tanks (4'x2'x1')
fitted with canvas covers and equipped with an oxygen supply. The Jjourney
to St, Anfrews by loxry takes about 6 hours and most of the fish arrive
in good condition.

It is possible to transport as many as 80 fish by this m:thod
and casualties are either completely absent or amount at rost to one or two,.
The mortality rate during the first few daya after the journey is higher
in swwmer; this point will be flrther discussed later, It is therefore,
apparent that plaice trawel well under conditions that must involve some
stress, The success of this method is perhaps due to aeration, whioh, apart
from woviding an adequate supply of oxygen, removes some of the muocus
that acoumulates in the water; the muocus is brought to the swface by
bubbles and tends to form a surface froth. The optimm number of fish
in each tank is between 10 and 15,

B, i .

1s Aguarium fecilities.

The fish are lept in large, indoor tanks, each with a capzoity
of 800 gallona., As many as 50 fish can be kept in each tank but the
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usial mmber is between 10 and 30, For soms experiments, 4 or 5 fish
are kept in shallow parcelain sinks with a capacity of about 10 gallons.
In both cases, the tanks are well aerated and there is a contimuous
ciroulation of fresh sea water. The water temperature waries from about
3.3'C in winter to about 17,2'C in swmer (Pig. 1.).

In Jamuary 1959, some of the large tanks were provided with
thermostated heaters which kept the water temperature constant at about
10'C, In the period before the installation of the heaters, the
mortality rate due to the oold was very high; on one occasion, 40 fish
dying in one day. It appears that plaice in captivity do mot tolerate
temperatures below 5°C,

2. FPesding wroblsms encountered,
The natwral diet of P, platessa is known (Todd 1914: Ritohie 1938),

and the presence of wvarious species of molluscs, echinoderms, polychaets
and fish has bsen recarded from the stomach contenta. The most frequent
recards are of speoles of Sarobiouleria, Solen, Ophiura anml Ammodytes,
Theze are, however, few references to the {esding habits of plaice in
captivity,

Dawes (1930a) kept plaise in cages suspenied in the ses and fed
them a diet of chopped mussel. lie reports that "these male fishes
generally displayed avidity for food ... even snapping at eech other at
feoding times”. The fish were fed daily amd the uneaten food removed from
the tanks after feeding, In another series of experiments (1930b) the
fish were mresented with fragments of mussel liderally miwed with oliw oil,

At the Marine Station, Millpert, plaice kept in the public
aquerium are fed once or twice weekly on a diet of boiled mussels and
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cockles., Mont of the fish take this food avidly but a fow malke no attempt
to eat (personal cbservation),

This review of the literature imdinated that Fleuronectes could
be induced to take foold. It was tharefore, decided to offer a wids choice
of food, inoluding the itens mentioned in the literature. Accordingly the
fish were offsrsd mollusce (mussel, cockle and olsm), schinoderms (Ophiura),
and polychaste worms {lugworm and ragworm), Some of the fish were seen to
take the food, but 1t soon became apparent that the majority were not
eating, It became evident that in order to maintain a healthy experimental
population, a mare sucocessful method of feeding would have to be devised,

3. _Dist.

In deciding on the dlet, it is necessary to consider whether
the proposed fooll is acoeptahle to the figh, whether 1t farma part of the
natral diet and whether it is readily available, None of the foods
mentioned in the review is available in sufficient quantity at 5t, indrows,
but finely minced raw herring has been successfully used in feeding
dogfish at the Catty Marine Laboratory, This wae tried and found %o be
equally successful for feeding plaice, although it is not part of their
nataral diet, It has been noticed, however, that some of the fish will
eat herring that has Yeen regurgitated by other fish, indiceting that it is
not unacceptsble as a food, Herring 1s available in sufficient quantity
at St. Andrews throughout ths year and was therafore adopted as the
article of diet,
4. Force-feeding,

The technique amploysd is an adaptation of one of the methods used
at the Catty Marine Labaratory for feeding dogfish, The apparatus consists
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of a perspex prophylactio syringe of about 1 om, diameter and 14 em. long.
These gyringes are produced by Ortho Fharmeceuticals Itd,j ths Larrel is

of unifarm bare tiroughout its length and a fitted piston traverses its
entire length, The capacity is 6 g. minced hexrring.

A stomch tube is mede consisting of a rubber tube of about i cm,
external diameter eand about 8§ am. in length. A plece of glass tubing
about 1 am, external diammeter and } om, long projects from one end of it.
This glass oconnecting plece can be inserted into a rubdber aleeve fitted
to the end of the “"ortho syringe” (Flate 1, i"ig, 1.)s This allows eany
interchange of ayringes during feeding.

The fish is placed on a table and the rubber tube, anl attached
"ortho syringe”, both full of herring, are inserted into its mouth. The
tube is manosuvred gently past the cardiac sphincter and the contents of
the myringe ejected by means of the piston (Platei, Figy 2.). The empty
syringe is thendetached and replaced by a full one, the process being
repeated until the desired amount of food is delivered., The food material
must be placed in the stomach; if placed in the oesophagus it is
regurgitated. The "ortho syringe” is filled using s confectioner's
ioing ayringe. The latter is fitted with a round noszsle with an
aperture of about § om. in diameter. It is charged with fimely minced
food material; the noszzle is held against the rubber sleeve of the "ortho
syringe” and a Jet of food material is ejected into the latter,
5._iAmount and frecuency of feeding.

Dawes (1930a) in a series of experiments on growth and maintenance
of plaioe showed that aproximately 6g. food per day was necessary for
growth in female plaice apjroximately 150g. in weight, The fish were
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resented with a known quantity of food each day and were weighed at
fortnightly interwals over a period of 6 months, Dawes doss mot say
whether all the food presented was eaten. The same author (1930b)
estsblished the fact that food takes approximately 60 howrs to pass thwough
the alimentary tract. From this it appeared that the fish should be fed
every 3 days and that they should receive an average of at least 6g. of
food per day.

However, the advarse effects of handling have to be conaidered,
Plaice struggle viclently wien handled, although they will lie quietly
when placed on a flat marface. Dermal scales are reduced in these fish
and the skin is covered by a mious ocating, The fish must be held firmly
while the stomech tube is being inmmrted and the mucus cocating is likely
to be destxoyed and the epithelium damaged, producing conditions
favourable %o bacterial infections, It was tharasfore decided to force-
feod once weokly., It soon became apparent that this was not sufficient
as the fish wre losing weight or, at best, merely maintaining their body
weight. Ths frequency of feeding was conssquently raised to twice
weekly. l!atwre plaice vary greatly in size, females ranging from about
30 to 50 em. in length and males from about 18 to 35 om. in length., fThe
amunt of food whioh the atomach can hold also varies considerably, being
about 6g. for & mmall (18 om.) fish to 36g. far a large (50 em) one.
This means that the fish were receiving between 12 amd 72g, of herring
pex wesk,
6. Adequacy of dist.

Experience has shom that twice weekly feeding, i.e. 12=72g. of
food, will maintain an adult plaioce in good conditien, . mumber of
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experimantal fish showed a loss of waight but this may haw been due to
spawning, although this was not seen., In most fish, however, the body
weight is maintained and in some a gain has been recorded, It seems
reasonable to conclude that the diet is adequate for maintenance and
growth., The ariginal food material was minced, filleted harring but this
was later discarded in fuvour of minced, whole hexring, It would sppear
that tihils is a more satisfactory food for plaice ( and dogfish which were
also kept at the Gatty). Certain control fish which received muinly
filleted herring showed signs of a much delayed vitellogenesis and it is
poasible that this was due i lack of some important nutrient wiich: is
present in whole herring but not in fillets - the most obvious suggestion
baing calcium or plosphats. In certain othar ocontrols, which received
whole herring, vitellogensais was normal and delayed by only a few weeks,

Insufficient food ocan have an adverse effect on the growth and
nrmal development of the gonads, It is well known that inanition in
toads has the same effect on the gonads as hypophysectomy and has of ten
been called “pseudo-hypophysectomy”, In work investigating the effects
of hypophysectomy, controls and operated animals must therefore receive
adeguate amounts of food and a method of force-feeding is Justified in
spite of the disadvantage of handling the fish, It could be expected that
inanition effects - if any - could be expocted to appear in controls
as well as oparated fish,



Co Ijpophiyseotomy.

Hypophyseotomy has not previously been performed in flatfish,
The operations performed ware either total hypophysectomies ar control
operstions: partial hypophyseotomy is impossible owing to the compact
nature of the pituitary. In the control opsrations, the procedure was
1dentical with that used far hypophysectomy, but the pituitary was left

An situ,

Over the period covered by this ressarch a total of 400 operations

were carried out. The results reported here were obtained from 198 fish,
of which LS were dissected post mortem. The latter were disscoted very
shartly after death and in no case did the gonads show any histological
characteristics which oould be attributed to moribundity or histolysis.
However, it ws considered advisable to use such material with caution,
The conclusions reached in this thesis are therefore based on those fish
which were alive at dissection, with supparting evidence mrovided by the
post mortem material.

‘. 0 SRR s S5 LAY AR LN LY BSOS VA

a, Anassthesia,

The fish are anassthetised in a glass tank containing 5 litres
of 1,5% ethyl carbamate in sea water, under sontinuous seration, Fish
ansesthetised suffioiently for hypophysectomy do not respond to slight
messure on the pectorall fin; the time nocessary to induce this degree of

anassthesia varies with sise between 10 and 20 mimutes, Respiratory
movemsnts recomsence shortly afte the fish are retoned to sea water.
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There havs been recent reports that urethans is a carcinogen and
skin cancers have besn seen in adult specimens of Xenopus lsevis,
anassthetised with urethane (Dr, B,M, iobson, personal commnication).
However, no ill effects have besn observed during the present work amd
there has been no mortality in unoperated fish which have besn ansesthetised,

Tricam methans sulphonate is now widely used as an anseathetic
for aquatic animals and this has been tried on plaice with good results,

At a concentration of 1 in 10,000, the required degree of ansesthesia was
induced in about 15 minutes,
b. Preliminary procedure.

Sinve the normal vperating time is less than 10 minutes, it is
unnecessary either to perform the operation unier water ar to maintain
a oconstant flow of water aocross the gills,

After being removed from the anaesthetie bath the fish is placed,
right side uppsrmost, on a wnoden board and a cork wedge inserted under the
head 8o that the rvof of the mouth faced obliquely upwards, The small
gape of the jaws ard the fact that the pituitary gland lies fairly far back
makes it imperative to use an opercular approach, The operculum is therefore
iifted by means of retractors and the gills retracted in the opposite
direction, The retractors consist of Wroad pileces of metal shaped to fit
over the edges of the operculum and gills, Thay sre attached to rubber
bands and tension is achiewsd by pimning the stretched rubder banis to cork
blocks, This procedure exposes a wide natural cavity in the floor of which
the pituitary gland ig situated, (Plate 2, Pig. 1.).
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The anatomy of the cavity will be described in some detail as it
affords a ramber of lanimarks which are useful in detsrmining tie site of
the inoision, On aither side of the keel-siaped paresphencid bone lies
a band of atrong transverse musocles forming the roof of the pharynx,
Posteriorly those terminate abruptly in a distinet tramsverse ridge and the
right pssudolranch can be seen lying mors or less vertically in a small
concavity behind the transverse ridge. Tl blood supply to the
pseudobranch - the afferent peeudotranshial = can be seen ruming upwards,
underneath the muocous membrane,

An oblique incision is mads in the mucous membrane slightly
posteriar to the transverse ridge on tw right of the mid lins and
terminating immediately anteriar to the right pseudobranch, The sheet of
miscle tlus exposed is out with a ssalpel and parts of the mro-otic amd
alisphenoid bones expossd, togethior with the posterior portion of the
parasphanoid, The length of the incision is approximately 5 mm., Owing %o
the pull of retractors, the incision tends to gape and it ia wunwoessary
to retract the mucous membwrane. (Plate 2, Pig, 1 and 2,).

The braincase is then drilled using s small hand trephine,
These Gephines are mede of hardened silver steel and are 7.5 am. in length,
The external dismeter is 2 um, andi the trephines are hollow and of unifarm
bare with € teeth set in the perimeter, Since the bone swface is not
flat, tis hollow trephine tends to slip and it is necessary to start the
operation with a similsr trephine which has a locating spike projecting
from its centre,
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This trephine is insertsd vertically into the incision close to
the pseudohranchial artery. Gentle pressure is applied until the spike
penetrates the surface of the bone; the trephine is then rotated until the
teeth begin to out. At this point a plain trephine is substituted and
ths rotation ocontimied until the drill penetrates Shrough the slkull., Vhen
the diso of bone is removed a small smount of fluid wells up and on removing
this by suction, the pituitary glamd can be seen lying ‘'above' the optic nerve
anl immediantely in front of the saccus vasculosus, The gland iz sucked
out with a pipette attached to a vacuum pump, The dise of bone is then
replaced and the retractors removed, lo attempt is made to suture the mucous
membrane.
Sinoe the inecdsion is rather deep and shadowed by the operculum
and gills, it is Aiffioult to illuminate the site adequately., The most
satisfactory solution is to use a surgeon's head-lamp which leaves most
of the field in dariness but concentrates a narrow beam of bright light
which can be direoted by moving the head.
©. Effectivensss of the operation.
The pituitary body is attached to the brain by a slender stalk,
and slight suction is sufficient to detach the entire gland, |
In most cases the gland was removed from the pipette and checked
for completensass under a binooular miaroscope. The effectivensss of the
operation was also checked by sexrial sections of the pituitary region when
this seemed necessary,
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d. Complications encountered during the operation,

The initial inodsion through the micous membrane and muscle of
necessity lies close to the pseudohranch, In making this incision, care
mist be taken not to damage the afferent pseudobranchial artexy which
suppliss the pseudobranch, sinoe, if this wesasel is perforated, blood
obscures the field aml adds to the diffioculties of the operation. The
pro-otio amd alisphencid bones are fairly thick, but rather tWwittle., This
mast be barne in mind when using the trephinn and care must be taken %o
use only a slight presmume so that the drill doem not break tlrough the
bone and damage the brain ar dislodge the pitultary,

The landmarks descaribed earlier serve to define the region of the
ro=-otic and alisphenoid bomes, and the curve of these bones forme a slight
'V' with the keel of the parasphenoéd, This netural depression acts as a
groove into which the trephine tends to slip, The major complication in
drilling the bone l4es in the fact that the pro-otic hone carries two
foramina, the carotid foramen, at the junction of the pro-otic anmd
parasphencid bones which carries the right intermal carotid artery into the
brain case, and the jugular foramen which carriee the superior jugular wein
back towards the heart and the ophthalmic artery forward from the pssudobranch,
These two foramina and the trigemino-facial faremen form the apdees of a
triangle inside which the trephine must be positioned, YMoat of the
difficulty in performing the oparation is due to the consequence of
damaging one or other of these blood vessels. In most cases the vessels
have besn ruptured inside the brain cese and it is consequently impossible
to stop ths wofuse bleeding which ocours.
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sbout 807 of the hypophysectomies performed have deen
succesaful anl the remaining 20/ have fuiled owing to one or other of
the abowve complications,

e, Post oparative histary,

After operation the fish are marked for identificatlon by small
holes punched in the fins, The incision in the roof of the mouth takss
as much as 12 weeks to heal and in many cases the dise of bone is resarbed
and replaced by connsotive tissue,

As slready stated, all experimental fish are fed twice weekly.
The insertion of a stomach tube for this purpose does not damege the
wound as this 1s situated in a small consavity to the right of the
mid-line,

Those fish in which the jugular vein or carotid azrtery were
perforated during the operation genarally died within 3 days of the
operation, A few, however, survived ani lived for several months.

f. Post aperative complications.

Fin-rot. Some fish developed a dimease of the tail and fing, This
disease, commonly mown as fin-rot, appears to be cansed by & combination
of a fungal and a basterial infection, lio effective trsatment was found
although several methods were tried. In most cases the infection subsided
mturally and the damaged sreas healed, In a fow fish, however, the tissue
of the tail was completely destroyed ani the bones of the tall exposed,
The exposed area dled persistently and the fish were destroyed,
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Paralysis. In a feow cuses the operation was followed by partial
pralysis of the fish., Cuch paralysis ocanred both in hypophysectomies
and in control operations and was gererally characterised by the inability
of the fish o right itself, Vhen disturbed, the fish swam in a airels
far long periods before settling on the bottom of the tank, lMoat of
these fish died, but a faw sventually recovered and regained normal
mascular contrel,

The cause of the paralysis is not apparent, An obwious
suggestion is damage to the brain during operation, but 1f this were walid,
ons would expect the paralysis to appear imrediately aftsr operation,

Such was not the caae, onset of the paralysis cocurring at any time up teo
6 woeks after the operation. A similur phenomenon was recorded by Dawes
(19302) in plaice whioh had not been operated upon,

It was hoped to study the effect of hypophysectomy on fish at
different times of the year, This hope wus not realised as axtremely
high mortality rates were experienced in fish collected between July and
Hovember. In each of these months, mre than 20/ of the fish died in the
first few days after arrival at the laboratery, without any operation bdeirg
porfarmed. Home of the sxperimental fish survived more then 3 weeks,
Hany fish, both opsrated and intact were autopsied, but in no case was the
comse of death apparent.

The most likely explonation is that the fish were in poor
conditiaon after the spamilng season, which ands in Apdil. It is well
known that fish use muoh of their resarves of food in the AHerufacture of

the reproductive mrodusts and in plsice, where the ripe owery may account
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for a quarter of the total weight, a great deal of energy must be
expended in the aot of spuwning, Deaths after spawning are common in
mature figh amd it is likely that the fish are physically incapeble of
withstanding any Wusual degree of stress. Ths strain of being
transported from Millport and the handling which they recsived in the
course of being force~fed are likely to have initiated a condition of
shook which led to the death of the weaker fish, while the shock of the
operation caused the death of the remainder, sSome 250 fish were lost
in this way.

2, Zeclhnious of hypophyseotomy in Xsnopus laevis.

a. Introduction,

In most of the bio-assays of plaice pltuitary material, intact
male Xenopus lasvis were used as test animals., There is some indication
that such injeoted material may stimulate the mroduction of gonadotrophin
from the pituitary of the test animal, thus reducing the reliability of
the assay. This interference can be avoided by the use of hypophysectomised
test animals, Hypophysectomy is a relatiwely easy operation in imua
and has been sucoessfully performed by several workers (eg. ven Oordt
1951 for Rana temporaria amd linnsen 1954 for Rama piplens). The
technique described below, designed by the mresent author, is similar
to the procedure used by other workers.

b, Prooedure,

The toads are placed in a jar containing M,.8, 222 (Sandoz) at a
concentration of 1: 20,000 anl fifteen to twenty mimtes are necessary far
complete anassthesia, The toads are then placed ventral side uppermost
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on a oork operating board, the upper Jaw is held in position with a
hooked retractor placed in the internal nares and held in place with an
elastioc band, The lower Jaw is then retracted backwards to expose the
roof of the mouth, At this point, a cup~shapsd concavity can be seen
in the roof of the mouth Jjust posterior to the dagger-shaped parasphencid
bore. The skin ard musale anterior to this depression is incised andi the ocut
contimied backwards for sbout 4 om, Fosterior to the parasphenoid, the
bone is extremely thin and the pinkish pituitary can be seen tirough it,
At this stage, a smll wedge of cardboard is inserted into the mouth to
keep the tongue clewr of the operating area. The posterier portion
of the parasphenoid is then d&rilled with a fine dental drill and the hole
widensd until all the bone is cleared from tie area immediately above
the pituitary., On incising the dura mater, a ssall amount of fluid
wolls up and the pituitary rotrudes tirough the incision, It can then
casily be removed either by suction ar with fine foxrceps.

In most cases, only the antaricr lode was remowed, the nmuxro~
intermesdia lobe being left in situ .

The relation of the pituitary lobes to one another is such
that the anterior lobs can be removed without the otier iobes and as
its attaciment to the train and to the other lobes is rather fragile,
total remownl of this lobe is usually achieved, The effectivensss of
the operation was checked at dissection in all cases and no remnants

were observed.
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1._Gravimeiris data,

Samples of mature and immature male and female fish were
oollected at monthly intervals for 15 months. Owverall length was
measured to ths nearest 0.5 om, and total weight ani gonad weight were
recorded to the nearest 0.5 gm. Similar data were also recorded at the
time of operation and autopsy for fish used in experimental studies.,
Gonad weights were expressed as a percentage of the total body weight,
2. Histological and histochemicsl technicues.

Samples of mature and immature fish were also taken over
the same period for routine histological study.

a. Pltuitary.

The pituitary region was removed as follows: an incision
was made in #he head in the region of the medulla oblongate and the roof
of the skull anterior to this carefully out away. The entire brain with the
pltuitary gland in situ was then carefully dissected out. This technique
was also employed for fish which had been hypophy=ectomised. On
opsning the brain, a careful examination of the pituitary region was
made under a binocular microscopes. In no cese were remmants of the
gland observed, but the procedure desaribed above was carried through
and the results checked histologilcally.

The brain, with attached pituitary gland, was fixed in
Halmi's modification of Bouin's fluild or in Helly's fluid snd embedded

in paraffin wax (M.P, 56 C). Serial sections were cut at 4 R. Most
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of the glanis ware cut on the longitudinal plamm, but transverse sections
were also made, Sections aglose to the sagittal plane of the glands
were mounted singly ar in groups of two or tiuwee to enable a variety of
staining procedures to be used on sections alose to the median plane.
Evary third slide was stained with Heidenhain's iszan technique.
Histochemical tschniques were used on the other slides, The pariodie
scld Sohiff (PAS) stain was used accarding to the procedure of Furves
and Grissbach (1951) and Wilson end Zmrin (195:) and the aldehyde fuchsin
(4P) stain according to the technique of Halmi (1950),

b, Testis.

Testens and testis duots ware dissected in toto and parts of
them fixed in Bouin's and Helly's fluids and embedded in pereffin wax,
Sections were cut at 3 y and 7 u and Mayer's hesmalum, fHeidenhain's
hasmatoxylin and Heidenhain's izan were umed as stains, Several testes
were fixed in Bakir's formaldehyde calcium and embedded in gelstine,
Prozen sections were ocut at 10 p and stained in Sudan black (Pantin 190).
¢. Owary,

Teleost owaries contain large yolk-filled eggs aml are sxtremely
difficult to out, Consequently, special methods of preparation had to
be used and ovaries contalning ripening or ripe ova were fixed in
Smith's formol-biohramats (Pentin 190 ) and embedded in polyester wax
(Steedman 1957). Using this combination of fimative and wax, sections
were cut at 4 p and 7 y and stained as described abowe for testes,
Ovaries from immature or spent fish were treated in the same way
as teates,



3. Cell counts.
a. Pituitary.

In arder to determire whether any gyulical variation was
mesent in the meso-adenohypophysis, cell counts were made in the
pituitaries of fish collected at monthly intervals, GSections at or near
the median sagittal plane and 150 p on either side of it were stained
with isan amd all the ocells in one field of the high power objective
( X 2,00 ) were counted. The mmbers of acidophils, basophils ani
clromophobes present were expressed as a percentage of the total. The
area ooocupled by the meso-adenchypophysis is fairly small anmi only 3
fields were counted. The mmber of oslls in any one field waried between 150
and 300,

Sinos there was no apparent wvariation of pituitary sise
from one month to the next, it was assumed that the rmumbers of cells
ocunted gave a true indication of the variation in the proportion of
cell types wesent, i.e, the area counted was essumed to be constant anmd
could be used as a fixed quantity,

b, Owary.

In order to study the effects of experimental procedures
on the different stages of ocogenesis, it was essential to have an estimate
of the wariation of the proportions of these stages tiwoughout the year.
Here, the difficulty of obtaining a fixed base line became evident. Since
the volume of the ovary varies considerably, the method of counting the
mumber of oocytes in a fixed area oould not be used, Variations in the
eize and shape of the ovigerous lamellas precluded their use as a

refarence point,
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It was therefore decided %o count the rumber of oocytes
of each stage present in a large mmber (L0O~500) of oogytes along one
or more lamsllas, The mmbers of cooytes of each stage were expressed
as a percentage of the total, Several such counts were made for each
ovary ani the proportions of each atage averaged. Sinos the size and
shape of the lamellas were so variuble, the length of lamella used in
sach count was not constant, but subjective atiempts were made to keep
the lamellas lengths comparables for each count,
ko Collection of pituitary material for bio-assay.

Ilarge mmbers of fish were trawled at Millpart at monthly
intervals anm! brought alive to the laboratory in water-filled baths. They
ware then transferred to tanks with ruming water and used within 3«4 hours
of being trawled, The fish were killed by dscapitation lmmediately before
the pitultary gland was removed as follows:i~ a cut is made in the region
of the cerebellum and the roof of the skull anterior to this cut away
thus exposing the anterior portion of the brain with the pitultsery gland
attached. The stalk attaching the gland to the brain is very fragile
and the pituitary is removed by passing the jaws of farceps between it
and the brain and 1ifting it away from its attachment, The gland is then
placed in a petrl dish containing anhydrous acetone while the sex and
maturity of the fish are determined. The gland is then transferred
to a bottle contuining a large volume of anhydrous acetone, which ias
changed frequently until the glands are thought to be completely free
from water, Ths acotons is then pipetted off over a hoteplate and the
glands transferred to glass vials which are sealed af'ter re-drying for

several hours in a vaouun desiccator,
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Strict precautions are taken to ensure that the glands are
froe from moistuxe before the vials axe sealed and it has been found that
naterial stored in this way will remain aotive for long periods. Assays

have been carried out on material which had been stored for more than

18 months and no evidemve of deterioration has been found and other

workers have reported that pituitary material is still active after several
years,

As described earlisr, the plaice pituitary is divided by a
transverse groove into 2 regions, In some cases ths glands were divided
into 2 parts along this groove before drying, llere the procedwre is %
place the gland on a dry miocroscope slide under the low power of a
binocular rdoroscope., Under these conditions the division can ve clearly
seen and the glamd is bisected using a sharp scalpel,

E. Bio-assay.

1. Materials and 1&9&.
iales of the South iAfrican olawed tocad Xemopus laevig hawe

boon used as a test animal by a mmber of workers notably, Hobson (1952),
and Hobson and Landgrebe (195,). In the present stwiy, the animals

are kept in tanks at 18° - 2,°C, The water is changed frequently and the
animals are fed at least once a wesk on fresh chopped liver. The
material under test is always contained in ml., liquid and is injected
into the dorsal lymph sac. The toads are then placed in separate Jars,
Eighteen hours later, a few drops of wrine are oollected with a pipette
by slight irritation of the cloacal folds with the tip of the pipette,
the urine placed on a slide amd examined microscopically., A clean
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pipotte is used for emch animel to evoid contamination. The appearance
of sperm constitutes a positive reaction, (4 small air bubble in the
fisld makes focusing easier), /nimals unier test which are negative
at the 18=hour stage are returnsd to their jars and re-examined 24 hours
after injection,

Schofisld albino mice (9-10 g., 19 day old immature females)
were used in the mouse uterus assay (lLevin and Tyndale, 1937). The
materiel under examination is given in 3 subcutaneous injectiona 2, hours
apart, The mice are killed in ether vepour 2, hours after the last
injection and the uteri dissected ocut, freed from extraneous tissue
andd weighed after sxcess moisture has been removed by pressing lightly
on blotting paper, In all tests, the mnterial is given in 0,5 ml,
norme]l saline and the uteri weighed on = tarsion balence,

The acetone-dried glands were subjected tc a mmber of

treatments before injection and except vhere stated ware whole pituitary
glanis, The glanis were macerated in 0.9% saline in a tissuwe mortar
and the material injected as s suspension, or the macerated material was
centrifuged and the clear supermatant fluid injected. Materials treated
in this way incinded plaice and toad (Yenopus laevis) glands, international
preparation ALP (ox) amd chorionie gonadotrophin ('Pregnyl', Organon and
Leboratary Standerd preparation),

Robertson and Rinfret (1957) have described a method of
preparation of several fractions of salmon pituitaries and in many
of the experiments, this technique wus used, The method is as followsi=-
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Stuge 1. The glands are macerated in a mixture of glaoial acetic acid
aml scetone (16 mi. acdd and 2.5 ml. acetons per gm,) in a tissue mortar
and left overnight in a refrigerator,
Stage 2. 1 vol, of distilled water is added, the solution mixed amd
centrifuged, The insoluble preaipitate was kept for soms tests.
Stage 3. The supernatant is decanted emd acetone added, a little at
e time, until the soluticn becomss cloudy., Purther small quantities of
acetons are then added camtiously until a flocculant precipitate
sppears. The total volume of zcetone required varies considerasbly,
but is roughly twice the volume of the supernatant. The precipitate
is centrifuged and Gried by washing twice with 1 ml, of dlethyl ether,
Fragtion 1.
Utpge 4. One volums of acetone 1s added to the supernatant from stage 3,
ard further quantities added until a flocoulant precipitate forms,
This is centrifuged and dried as above. Fraction 2,
Stege 5« In soms cases the inscluble materdal from ztage 2 was
nsutralised, talken up in saline end tested for gonadotrephic activity,
Stage 6. In the majority of assays, fractions 1 anl 2 were added
together, nsutralised and taken up in saline before injection,
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I1I, Review of the literature,

In studying the reproductive endoarinology of a single species,
the structure of the endoorine tissues andl their target argans must be
oconsidered in the normal animal in order to have a basis for comparison
with the results of experimental studies, The following review of the
literature is an attempt to smmmarise the existing knowledpge of the
pituitary-gonad relationships in teleosts and to indicate those areas
whare the recise significance of particular aspects of the problem is still
in doubt,

A. The owry,

Although a great deal of information is awvallable concerning
the ovarian structure ani cyclical wariation in viviparous and ovo-viviparous
fish, the complete cycle of changes has been investigated in only a few
species of oviparvus fish, In these ths basic pattern of cogenesis ias
similar andi will be desoribed briefly. The ovary is smallest in summer,
Just af'ter the spawming season., From then on there is a gradual increase
in its weight throughout the autumn emd winter, paralleled by an increase in
the size of the follicles and their contained oocytes and in the mmber
of yolk weaicles mresent. The sona radiata appesars as early as October
and there is a rapid increase in the sise of the follicles amd the amount
of yolk present during the spring. The maximum percentage of the body
weight formed by the ovary is found in siring and early surmer at the
begimning of the spawning season,

After the spawning season, any mature cooytes become atretic
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and the ovary collapses. In owaries in this comiition, small cells,
each with a large vesicular mucleus containing a mromiment mcleclus,
meke their appearance in the ovigerous lamellas. (see page 30).
These cells are the young primary oocytes and are destined to be
spawned in the next year. I[Wucleus and oytoplasm enlarge and several
micleoll appear. Yolk vesicles are farmed and during the summer the
follicle wall, which at first consisted of a few flattensd cells, is
composed of a large mmbm* of oells beneath which the zona radiata
makes its appearance. These changes are characteristic of species
which shed their eggs during the spring ani the descriptions of

ocogenssis given for Plsuronectes platessa (von Frans, 1909),
Plsuronsctss (Wheeler, 192,) amd Liopsetta obscura (Yamamoto, 1956)

are vory similar and vary only slightly from the basic pattern., A
sinilar sequenne of events ocours in sutumn spawning species, hut at
the opposite season.

Despite this basic similarity, there are several aspscts of
cogenesis whare the awvailable information is contradictory., Ome
fundamental question to be answered is whether the definitive germ cells
in telsosts and in vertehrates generally are derived from undifferentiated
cells which are set aside early in development or whethsr they are
rerely transformed soma cells whioh originate in the gonad from time
to time ewven in the adult., (Brambell, 1930). Three hypotheses have
been proposed to answer this queation, The first postulates that the
minordial germ cells segregate early in the dewvelopment of the embryo
and migrate from the entoderm, where they are first ssen, into the gonad
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where they form the only source of definitive germ cells, (Dodds,1911,
Okelberg,1921, Hamn,1927, Stenger,1959).

Supporters of the second hypothesis, (Sssenberg,1923, Folay,1927)
recognise an early differentiation of germ cells but suggest that new
gern cells are also mwoduced from certsin cells of ths some, [Finally
a minority of workers (Waldeyer,1870, Calderwood,1892) have denied that
there is an early segmregation of the germ cells., Aoccording to these
investigators, primordial gera cells do not exist and the definitive
germ cells are later formed Ly a transfarmation of somatic cells
contributed by the germinal epithelium which is present in the gonad.

The earlier literature is reviewed by Heyes (1931), ami
Everett (1945) ard Johnston (1951) have reviewsd the subjeot in the
light of recent investigations, cverett maintains that the first
theory is correot and suggests that in memmals at least, the apparent
formation of sex cells from the germinal epithelium is due to the
pesence in it of primordial cells which segregated early and whish
have been stored there.

Closely related and almost as controversial is the question
of the origin of mew coocytes in the mature ovary after spamming, Those
suthors (Hamn,1927 and Stenger,1959) who subscribe to the theary of
early segregation of germ cslls, believe that new cocytes are derived
solely by mitotic division of residual cogonia alresdy present in the
ovary and that the epithelium lining the ovary plays no part in their
produotion, This view is supported by the work of Matthews (1938)

who decribes oogonia lying unierneath the serminel epithelium 4in
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Pundulus heteroclitus, These cells may be found at any time of the
yesr, but the large mmber of mitoses found in them ofter the spawning
season indicates that this is a period of active mroliferation,

Calderwood (1892), howover, describes three types of ova=
“great, small and mimute” in the ovary of FPleuronectes limanda., iie
states that the inner boundary of the ovigerous lemella is composed
of germinal epithelium and that new ('mimute®) owve are formed from
single epithelial cells; mew ova are also formed from nests of
epithalial oslis. The mmber of eggs is said to increase also by
direct division of young cocytes.

iheeler (1924) also studying Pleuronectes limanda, was unable
% obasrvs ths formation of mew oogytes from the germinal epithelium
either aingly or in nests, He sdnita uncertainty as to ths origin of
the new cocytes but suggests that they are produced by some of the cells
of the empty follicie after spamning, Iis uses this theary to zocount
for the repid dissppesrancs of the folliele and for the szbsence of
mitotic division in the ovary of the mature fish,

Bullough (1939) states that the arigin of new oogytes in
Phoxinus lacvis is uncertain, In this speoies, hovever, mitotlo
divisions are common in the masses of cells whioh have been produced
from the empty follicles and Bullough suggesta that although most of
these divisions produce new folliale cells, some may roduce new oogonia,
As ovidence for this he states that oogonia, ard intermedicte stages,
are found in close proximity to these dividing cells. Cralg-Bemnett (1931)

maintaine that new cooytes are produced by direst growth fror cells of
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the enpty follicle in Cesterosteus sculeatus, Thias view is also held
by Yemamoto (1956) for Liopsette ohscura,

The significance of follisular ntresia avd ocorpus luteum
formation hes been of soms importanve in memmelian endoorinology ard
the comperetive sspects of the problem have been investigated by a
mnamber of workers, The mammelian cocyte is surrounded by three
manbranses, the gremilosa, the thece interne and the theca exterma,
(ridsaw, 127, Brombell,1956). The mature cocyte lies in an antrum filled
with follloular fiudd and is connected to the follicle by a thin
column of gramilosa ocells, :

The folliales in all otier wrhbrah!d.iffu' from those of f/
mamoals in that the growing oocoytes f£ill them completely at all stages
and no fluld-filled antra are developed, In teleosts, the follioular
apithelium consists of a single layer of flattenosd cells which may
hecoms cuboidal in form as growth oceeds but which reverts to a
squamous layer ome aell thiok in the mature oocyts, This follioular
layer surrounds the ocoytes of all teleosts deseribed. (Rrock,1878),
Little infarmation is available on the prasence of thecal layers
in teloosts and many authors fail to distinguish between gramilosa and
theca, (Matthows,1938, Stenger,1959). Buhler (1502) desoribes a theoca
interma and externa in Coregomis, but von Prans (1909) concludew that two
Jayers cammot be distinguished in the theca, Accarding to Hoar (1957)
it is probable that an imner gramulosa and an outer thecs are potentially
esent whether ar mot they are clearly marked,
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Atresia of developing ocoaytes is common among mammals, Here
the ooayte degenerates andl is invaded by cells from the theca interma
after the degensration of the gramilosa cells. The resulting body
ressmbles a corpus luteum in histological character, but is somewhat
smaller, It is of'ten oalled a corpus luteun atretioum,

Atretio follicles are present in all vertebrate groups and have
been desaribed in teleosts by a mmber of workers (Buhler,1902, Frans,1909,
Hatthews, 1938, Stenger,1959) but little is known of the origin of the
cells of which they are composed. Buhler (1902), states that folliocular
epitheliunm play a principal part on the removal of the oocyts,

The mammalian corpus luteum is developed from cslls associated
with the empty follicle after the cooyte has been discharged., There
hes been a considerabls controweray concerning tihe origin of these
ocells, Recent investigation indicates that they are derived from the
follicular epithelium or gramulosa: but some workers maintain that thecal
cells are involved, (see reviews by Asdell,1928, Harrison,19,8 anmi
Brambell,1956), The essential feature of the mammalian corpus luteum is
its conversion t0 an enmdoorine gland responsible for the secretion of
progesteroms. Its formation appears to be dependent on the secretion
of IH by the pituitary and luteotrophic hormone is probably necessary
to make it functional (Evans and Simpson,1950, Cowie and Folley,1955).

The literatuze on the formation of corpora lutea~like
bodies in teleosts is not extensive and there appears to be no correlation
between the ocourrence of these bodies and viviparity., There is mo
resezblance to mammalian corpora lutea in the ruptured foliicles of

Neotoca bilineata, armd Zoarves viviparus, both viviparous species
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(Wallace,1903, Mendosa,1%3). Bellay (1933) on the other hand,
reported signs of seoretion in the hypertrophied follicles of
Xiphophorus helleri. an ovo-viviparous species, while Xatthews (1938)
reported the presence of hypertrophied cells in the smpty follicles of
the oviperous Fundulus heteroclitus.

Hretscimeider and de Wit (19,7) state that corpora atretica
and post-ovulatory corpora lutea, homologous to those of mewmls, are
ot found in the teleost ovary. The follicle memirancs left after the
discharpge of the ovum at spawning produce a "calyx". The gramlosa
degenerates anl the ovulation wound is olosed up by the theoca cells.

These authors and lcar (1955) suggest that the pre-owvulatory
corpus luteun forma the main endocrine tissue of the teleost ovary anmd
hypertrophy of the gramulosa is a constant feature and is responsible
far the sscxretion of ovarian hormons,

Thexe is a oconsiderable body of opinion (D0dd,1955, Piekford
and Ats,1957 Dodd,1960) which holds that the term corpus luteum should
not be used for these struotures found in teleosts as the secration
of progesterons has not been demonstrated in them, Certainly there
is no justification for the term "mre~cwvulatory corpus luteum" as one
of the main characteristios of the mammalian corpus luteum is the
discharge of the oogqyte before its formation.

The histological evidence for tls eecretory activity of the
re~ovulatory corpus luteum” in teleosts is squivoocal and desoriptions
of 1ts structure do not rule out the possibility that it is only n matter
of the degeneration and destruction of the unovulated egg. C.lL. Smith



(1955) concluded that the pre-owulatary carporz lutea found by
Bretschneider and de Wit (1947) in amphibiz are identical to the
corpora atretrica described by earlier workers and held that they were

unlikely 0 be endoorine structurea,
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B. Zhe sffect of hypophysectony on the ovary.

Retrogression and atrophy of the ovary follow pitultary
removal and have been found in all vertebrate groups in whish the
operation has been performed.

The literature on the effects of hypophysectoxy on the teleost
ovary is very sparse and information is available from only six species
of fish. The most detalled study is that of Vivien (19,1) who
describedl the reproductive cycls of Gobius pagansllus and studied the
effect of hypophysectomy performed at different periods in the cycle.

In this fish the spawning period from /pril to Juns ia followed by a
period of inwolution which lasts till Ootober, During this time, the
ovary volume is reduced and the ocooytes are huﬂuéOpindimbr.
From then on, ths volurw increases aslowly and yolk is deposited in the
eggs, The spawning period is preceded by a short "pefx'iodo statique”
during which there is little change in the ovary.

Of 45 females, hypophyssctomised immediately before spaming,
40 did not lay eggs. Of the five which did spawn, tlree spawmed
complotely anxi these tlree were among tie last to be opmrated, Vivien
suggests that as they were very nsar the spawnirng season, the lesvel
of circulating harmone after pitultary removal, may have been sufficienmt
to meintain the "ovarian function" until after the eggs were shed, Iie
also suggests that spawning may have been due to piltuitary fragments
left behind af'ter the operation and functioning as intracranial implants,
A mmall rumber of eggs was shied by the other two fish about 15 duys after
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operation and Vivien was unable to find any pituitary fragments in serial
sections of the pituitary region, Involution of the ovaries was very
alow, being first noticeabls 281 days after operatlion,

In operations performed immediately after the spawning season,
there was little difference betwsen the gonads of hypophysectomised and
control animals autopsied after on® month, . fter two months, however,
involution of those ripe eggs not shed at spawning was well under way
and atresia was obssrved in young cocytes which had just started
vitellogenesis., After tiwee months, the ovary resembled that of a
immature fish although there was little reduction in volume,

Operations psxformed during the period of vitellogeneais
resulted in its being bloocked aml there was no further increase in
ovary weight, Involution did mot begin till three or four months
after operation and was accompanied by a alow degensration of the eggs.

The ovaries of fish operated at the begiming of the pre-
spawning latent period, when vitellogenesis was complete, were little
different from those of controls during the first two months. Inwolution
began about the middle of the third month and resulted in atresia
of the ripe eggs. The sise of the owries was ot reduced until eight
months after operation,

From a oonsideration of all tie experiments, Vivien (1939, 1941)
oonolude# that effeot of ablation of the pitultary varies depeniing on
the atate of the owary at operation, Spewning is completely prevented,
ripe oggs degensrate and those in which youlk deposition has begun are
transfarmed into corpora atretica., The normal cyole of ovarian changes
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is arrested and the development of young oocytes is stopped at a certain
"oritical stage”. In Cobius paganellus, oocytes at this stugs measure
40 to 60 p. Hypophysectomy of immature fish leaves the owary
unaffected, but development of the eggs is arrested at the same

aritiocal stage. The literature of the effect of hypophysectomy in the
teleost ovary is summarised in Table 1. (P. 39).
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The main feature in the tntu of seasonally spawning teleosts

ducripuomotlpnbmm is one of the most
W DUUUCISIENT U & Bwguw PRI . AU . (,919)
description of spermtogenesis in Perca flavescens is one of the most ::/

detailed and will serve as s basic pattern., [liere tis testis is dopleted
and its volume small during the summer months after spawning in /pril
and May, The volume begins to increase in late iugust and by the enmd
of September the teatis weight has inocreased by a faotor of 30, The
maximm weight is attained in Howember at which time it represents
Lo = 6,07 of the gross body weight, From them until March, there is
a gradual decline until the spawning season in late April when the weight
decreases rapidly,

The reconstitution of the testis begins in April and ia
aocomplished by a migration of primordial perm cells into the lobules
at the periphery of the toates, Their munber is increased by mitotio
division and by the arrival of new migratery cells., This process
ocontimwes throughout the mmmer until in ‘ugust a s0lid cord of germ
cells fills each lobule of the testis. Tie tranaformation of the
gern oells into spermatogonia is contemporancous with the beginning of
tle increase in the volume of the testis, There is a definite
reduction in coll sime between germ cells and spermatogonia and the
oocourrence of an inoreases in volume of the testis at tiis time is
mobably due to mitosis of the spermatogonia, ifter about 5 or 6
spermatogonial divisions, spermatocytes are roduced, The formation
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of spersmtids and spermuatosoa follow rapidly on one anotler, although

the entire period in whioch the former may be found in the twstis lasts
from Septesber to mid-December. Opesrmatomoa are first found in the
testis early in Septambder and spermatogenssis is completed in Janmry.
These changss are ocharacterdstic of speoies which spawn in spring, but

a rumber of variations froz the basieo pattern hawe bheen noted,

Although the sequence of spermatogonia tlrough spermatocytes
and spermatids t0 spemmatososa is common to all speoles, the relationship
in tims which these stagss bear to one anotlear is subject to considerable
variation, In several species, the stages follow one snotlsr rapidly
ard spermatogenssia is completed in the autunm., The testis consists
largely of spermatosoa tiroughout the winter and spring and a
“potential matuwrity” exists in which ripe sparm capable of fertilising
the ova, are mresent in the testis far seversl months befors the
spamiing season (Cambusia affinis, (Geiser,1922), (Ggaterosteus sculeatus,
(Craig-Bernott,1931) and Ssox luoius, (lofts and Marshall,1957).

In contrast to this situation, several species have been described in
which the sequence of changes oocoupies most of the year and spermatosoa
are not produced until a few weeks before the spawning season (Cottus
bairdii (Hann,1927), Phoximus lesvis (Pullough, 1939), Lspomis meprochirws,
(James, 194.6), In these specisa, the production of one stage is more or
less oomplate before the next one appears. Jundulus hetercolitus is
intermodiate Lotween the two conditions. (Matthews,1938), In the testds
of thin speciss all stages betwesn spermatogonia and spermatids can be
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seen from September to Marech, Mitotic activity of spermatogonia

is atill present in March anl spermatids become increasingly more

mmerous in proportion to other oell %ypes. Spermatosos appear in

April and May,

Anpther source of variation in the spermatogenesic cyole of
taleosts lies in the origin of each season's germ cells, The
reconstitution of the testis by the migration into it of rimary
germ oells described in P, flavescens by Turner (1919) has been
described in other speoles (Casterosteus aculeatus, (Craig~Bennett, 1931)
and_Esox lusius (Tofts and Marshall, 1957) )e  In Gambusia affinig, on the
other hand, spermatogonia develop from inconspicucus germ cells lying
in the testicular stromm. These germ cells migrete peripherally
aml give rise to new spermatogonia by mitotic division. (Geiser,1922),

A similer mode of origin of spermatogonia has been descoribed in
Cottus bairdii, (Hamn,1927), Pundulus leteroclitus, (Matthews, 1938) amd

Phaxinus lsevis, (Bullough,1939).
The rresence of cells in the testis of fish, homologous in

atructure snd endoorine funotion with the mammalian interstitial cells
of leydig, has been the subject of conaiderable contruversy. The
eerlier literature is reviewed by Oslumd (1928) and several writers
have stated that such cells are absent from the telsost testis, while
others, although recognising their presence, have been uncertain of
their ssorstory nature,

Interstitial tismsue is well dewvelioped in Castercateus aculsatus,

(Craig-Benmett,1931). The interstitial cells at their maximum
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development just prior to the weeding season and the presence in them
of black gramiles after osmic acid fixation suggests that they contain
lipid material, After the spawning season, the celis are reduced in
sizs and when the testis is at its minimm sise, they are indistinguishable
from comeoctive tissue cells, According to Craig-Bemmett, the
interstitial tissue at its maximmm dewelopment is very similar to that
of mammals and has the eytoiogical structure which would bs expected
in a gland of intermal secretion,

The smount of interstitial tissus in the testia of Phoximus
leovis was sstimated by Bullough (1939) who conoluded that it remains
fairly constant throughout the year. lie oould find no evidenve to
smuggest that the develomment of secondary sexual characters in the
breeding season was under the control of hormones secreted by e
interstitial ocells,

Much of this controversy has been dus to the difficulty of
distinguishdng between interastitial cells and connective tissus cells
on marphological grounds and the work of Marshall and Tofts (1956) may
help to settls the matter, These authors suggest that fish may be
divided into two groups on the basis of their testicular endoarine
tissue, In one srrangement, a true interstitium is lacking and
sscretory cells are found only in the lobule boundaries, while the
seconsi arrangemsnt conforms to the typical mammmliien pattern, In
both types, histochemiocal me thods are essential to digtinguish the
secretory cells from cormeotive tissue celis, Iofts and Marshall (1957)
conciude that the lobule boundary cells influence the roduction of

secondary sex characters and play little ar no part in spermatogene g
ls,
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D. The effect of hypophysectomy on the testis,

Hypophysectomy has been found to cause regression ¢f the testis
in all vertshrate groups and all workers have reported sdverse effecta on
sprmatogenesis. The effect of hypophysectomy on the testis has been
studied in only 5 species of teleost fish and the most complete study
is that of Vivien (1938,1941) who hypophysectomised adult male Goblus
paganellus at different times in their normal spawning cycle. FPltuitary
removal shortly before the noxwmal spawning season prevented emission
of sperm in sbout 70X of the fish, Spermiation was normal amd
tarritory andl eggs (were guardesd in the remainder. Regression of the
testis and acosssory glands began after about 3 months (at which time
the controls were exhibiting their normal inwvolution) amd continued far
at least 3 months more., #When hypophysectomy was carried out immediately
after the spewning period, the testis was reduced in wolume fairly
quickly amd only spermatogonis were present af'ter 3-4 months.

When the pitultary was removed during the period of winter
genital activity, spermatogenssis was halted, Inwvolution did not begin
for 3 or 4 months andl was accompanied by resorption of spermatosoce.
and spermatocytes ani only spsrmatogonia remained. When the pituitary
was removed during the latent pre-spawning peried after spermatogenesis
was ocomplets, degeneration did not become obvious till after the third
month. Only spermatogonia eventually remained and spermatosoa were
resorbed, The sime of the testis was gradually reduced over a period
of 8 months by which time it appeared immature,
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Vivien (194,1) extended his work on Coblus pagsnellus to
include immature fish and found that the gonads were unaffected by
hypophysec tomy.

Matthews (1939) hypophysectomised mele Fundulus heterocliitus
in October/December wien tie testis was begimning to grow again and in
Marely//ipril whan testis growth is at its maximum, In the first series,
although there was little difference in weight between operatnd and
control animels 73 days after the operation, differences in
miaroscopical atructure ware obvious, Oparmatids and spermatosoa
ware very scarce axl cyuts of spmimatocytes were small 10=-13 days after
pituitary remowal. Differences in teatis weight betwesn operated and
control fish were obvicus af'ter 2 weeks, in March operations, although
there was no obvious difference in histological strusture, ifter 26
days, however, the majurity of the cells in the testes of operated fish
were spermatogonia, with unly a few spamatids anmd spermatosoa., After
206 days, the testes contained only primery spermatogonia and a few
secondary spermatogonia.

The results of these and other wurlers are sumnerised in
Table 2 (pp. 47 = 48) from which it is evident that regression ¢f the
testes follows hypophysectomy in the few telecatas so far studied,
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30 days Genital system reduced to winter conditioms, !
Courtship aml combat behaviour and
territorial behaviow diminished.



E. The eost pitul dand,

Despite its basic similarity to that of other classes, the
teleost pituitary gland has many structural and histological features
peculiar to itself, JMany of the staining methods used to study ite
structure have been developed for use with mammlian mterial ami a
rief description of the result:obtained in memmalian projecta is
warranted in view of the attempts which haw been made %o homologise
the varicus compoucnts of the telecat gland with those of the
mammalian pdtuitary., The cells of the mammalian pars anteriar can be
divided into acidophils, basophils and chromophobes on the basis of
their reaction with triclromes staining methods ard several wrkers, by
the employment of cerefully controlled tinctorial stains, hawe been
able further % subdivide the acidophils and basophils. As many as
6 tinotorially different cell types have been described and it is
gensrally agreed that the basophils are responsible for the secretion
of gonadotrophic and thyrotrophic hormones (Dewson and Friedgood 1938,
Coldberg amd Chaikoff 1952, Purves and Criesbach 1957).

Histochemical methods have also been used in the study of
pituitary cytology, especially the periodiec acid « Schiff (PaS)
resotion which is a test for glycorrotein, The aldelhyde fuchain (AF)
reaction has also been used, although its specificity as a glycomrotein
stain has not been established. loat authors are agreed that the PAS
and AP positive material is located in the basophil cells of the pars
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anterior. The resultsof investigations into the oytology of the
mamnalian pars anterior are swmaerised in Teble 3, p. 51.

The earlier literature on the cell types in the teleost
pituitary has been discussed by Charipper (1937 ). Three csll types,
soidophils, basophils, and ehromophobes ars rresent in the meso~
asdenohypophysis und most recent authors agree that the basophils ere
eimilar in function to the glycomotein~containing cells of the memmelian
pers anterior which they of ten resemble in structure. (its (1953), Sokol
(1953,1955) and Bexrrington and Matty (1955) ).

Cyclicel changes have baen described in the teleocst pituitary
amdl several authors have ocorrelated them with the changes whish ooour
in the gonads, Matthews (1936) described cyclical changes in the
jroportions of larpe basophils in the more posterior portion of the
pltuitary gland of Pundulus hetercclitus, the muber being highest from
May to Saptember and lowest in March amd April, There 1s some
confusion as to the homolegy of the regioms inveolved in these changes,
as, in a later paper, Matthews (1937) decides that tis large anterier
region is the pars anteriar (jro-adenchypophysis), 18t the Ubergangsteil
(mesowadenshypophysis ), although he is doudtful whether it is
homologous with the pars anterior of Itendell (1914)., The view taken
in the later paper is probably the correct one as the ;wro-sdenchypophysis
is genarally held %o be composed laxyely of acidophils ani clromophobes,
Sarugg's (1939) description of the pituitary gland of Pundulus heteroclitus
Bupports tids view as he maintains that the basophils descrided by
Matthews belong to the meso-ademohypophysis .
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Matthews (1936) suggested that the acidophil changes were
associated with the breeding season and that those in the basophils
have some relation to the development of tle muptial sex character
which in Pundulus heteroclitus consists of a black pigment spot on the
dorsal fin.

Kerr (198) studied the pituitary gland of normal and

parasitised roach (Leusisous rutilusj. In narmal fish, the basophils
of the mro-adenohypophysis showed slight wariation in colour, but it was
not possible to correlate timase differences with seasonal chenges.
No veriation was seen in the acldophils or chromophobes of this region.
Some wariation was seen in tho acidophils of the meso~adenohypophysis
but this was irregular and the amall sise of the cells together with
their large numbers made them an unsuitable type for study,

By far the greatest degree of variation was found in
the basophil cells of the meso~ademohypophysis, These cells were
scattered in irregular groups and varied in sise and in the size amd
staining intensity of their cytoplammic gramules., The basophlils were
at their maximum in April and May when the gonads were fully ripe, They
stained intenmsely anl waried in diameter up to sbout 13 g, Thelir sise
amd density gave the immression that their mmbers had incressed relative
to the acidophils, but Kerr founi that scowrate oell counts were
impossible owing to the small size and large rumbers of the soldephils.

After Wreading, there was a regression of the basophils and
by late June or July they were at their least prominent, Here the
moportion of lightly gramulated cells wes muoh highesr and the maximum
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mudimoﬁmmay. After July there was a slow ircrease in
gramilation and cell sise to the maximum in April and May.

¥arr found that the ocourremce of ths plerocercid stage
of the tapeworm Idguls intestinalis as a parasite in the body cavity
of these fish was accompanied by a mmrked regression in the gonads whish
resembled these of immature fish, The meso-adenchypophysis basophils
differed from the normal ones in the smaller maximum sise whioh they
attained (6,5 p) and in their lower level of gramulation. Seasomal
changes were either absent ar so reduced that they were obsoured by
individual wariation,

Scrugg's (1951) studying the pituitary of the goldfish
Carassius surntus and the carp Qvorimus carpio, found striking changes
in the basophils of the reso-adenohypophysis anl were able to correlate
these with the stages in the Bxeeding cycle. In these two species,
varying mmbera of acidophilio globules are present in the basophils
which during the rre-spawning period comprise 68y of the cells, In
the eanly part of this period, the globules stain lightly, but as the
spamning season approaches, they increase in sige and staining intensity
and the basophil ocells increase in diameter fyom 10 to 13 p. At the
same time the cell boundaries of the acidophil cells decome mure distinct
anl they also increase in dismeter,

During the spewalng perioed, the globules revach their maximum
size aml coalesoe and aftor p=-s Lato the inter cellular apaces.
Towards the end of the period, the basophils slrink and their contained
globules are reduced in mmmber and sise. In July amd iugust, when the
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gonads are completely exhausted, the mmber of basophils decreases
to about 55% and there is a corresponding increamse in the acidophils,
By September, however, the oportions have returned to normal and the
globules inorease in alse and musher, During the winter, when there is
little activity in the gonads, there is iittle change in the size of the
basophils, but the enlarged globules found in September dearcase slowly
in sise and mmber to the conditions found in Jamary, The acidophil
oells also decrease slowly in size until they reach their most crowied
condition in Jamary when the cell ocutlines are again indistinot,.
Soruggs is of the opinion that the globules of the basophils,
which have also besn described by Kerr (1342), are secretory and that
thay probably have some funotional part in the contzrol of the
remroductive cycle,



F. Rioassay of fish pituitery sreparations.

1) Amphibia,

It 1s now well-suthenticated that many anirans snd wodeles
respond to the injeotion of mammalian and other gonadotrophina by
owulation a spermiation and these responses farm the basis of a numbar
of bio-asaaya for gonadotrophins (Landgrebe 1948, Hobson 1952a,b,

Hobson and Ienigrebe 195.), Conflioting results have been obtaimed,
however, when such methods have been used to establish the gonadotrophie
nature aml potency of fish pituitary subastanoes.

Ths results of these experinents are summarised in Table &
(pp56-58 ), but many of the papers quoted are poorly documented anmi , in
some cases, the results are based on the resporse of a single animal amd
therefore hardly justify the title of bio-assay, In view of the large
muber of recipient andl donor species involved and the wariety of ways
in which ti» material has been administered, it is diffiocult to draw
any definite conclusions. For the most part, the experimental data
are inadequate, but the results cbtained by Otsuks (1956a) using
hypophyseo tondsed newts (Zritwrus pyrrhogester) are worthy of more
ocareful oconsideration, Here, the injection of pituitary material from
3 teleost apecies was followed by ovulation (Tmble 4)., Several dose
devels were used and the miziia.n dose level which would roduce ovulation
was 1,0 nge Doses of 0,25 mg. to 0.5 mg. were sufficient when L0/ ethamol
extracis ware used, but not all the activity lay in the extract as a

response was obtained from 7.0 mg. of the residue,
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At loast in the case of the salmon, the pituitary glends
were collected in the btreeding season of the fish, but as Otsuka
does ot giwe the weight of the gland, comparison of his results with
those of other authors is difficult. Since ths test animals were
hypophysectomised 5 days before the atart of the injections, it is
likely that all endogenous hormons would have been eliminated and
that ovulation was inieed induced by the injected material., The
breeding season of Iritwrus pyrrhogaster was not given, but Otsuka
stated that many of the newts ovulated spontunscusly af'ter hypophysectomy.
The animals were collected between ipril and Juns, the breeding season
of mogt animsls in the northern hemisphere, and the possibility camnot
be ruled out that the injections merely acted as a mon—specific stimalus
to owlation,
2) Mammale

Increase in uterine weight and ovarien weight in mts and mice
have been used extensively as end-points in the bic~assay of gonadotrophic
hormones. These methods have also been employed to a small extent in
the assay of tsleost pituitary material, but as in the case of amphibian
test animals, the experimental data are %00 sparse to allow a
satiafaotoary conclusion to be drawn (see Table 5 pp. 61-62),
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IV. The Ovary and its associated Structures.
A. Anatoay

The ovaries of the plaice are paired elongated bodies,
Each owary is core-shaped and the base just projects into the posterior
part of the body cavity, while the bulk of the argan tapers backwards
towards the tail, lying against the haemnl spines and is pertially
covered by the muscles of the trunk, The owary, like that of the
majority of teleosts, is a sac, the wall of which is contimucus with
the ahort ovidust. The oviduot opens into the posterior side of the
rectum, just inside the opening of the latter to the exterior. The
external oviducal opening leads into a short chamber into which the
right and left ovaries open, Unlike most teleosts, the oviduot has no
cormection with the ureters, ie. tlere is no urinogenital sims.

The ova are deweloped on the ovigerous lamsllaes which are
longitudinal folds in the intermal owry wall and which project into the
lumen of the ovary, filling most of the cavity. Lxtermally, the ovary
is bounded by a loose comnective tissue layer in the thickness of which
is a thin sheet of black pigment. Internal to this is a layer of
unstriated oircular muscle which wvaries in thickness throughout the year,
Within this and filling up the thickness of the lamellae is a network
of connective tissus and the internal surface of the ovary is bounded
by an epithelial layer.

The length, weight and age at which sexual maturity is
attained wary greatly (Bagenal,1953), so that nome of these is a good
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ariterion for determining the gonadal condition of the fish. For most
of the year, however, it is relatively emay to distinguish between
immature and mature fish, If a fish be held against a bright light, the
owry can be seen as a dark shedow in the body musoulature, The shadéw.
is short amd narrow in an immature fish and long and broad in a mature ome,
In addition, ths ovary of a mature fish becomes increasingly swollen

as the season rrogresses,

In the immature fish the owary mmasures about one inch in
langth and projects only slightly into the body musculature.
Mecroscopically, it appears to be filled with a transparent, jelly-like
matericl)., Histologloally, the ovary consists of many ovigerous iamellae
each contalning large mmbers of ococytes of different sizes up %0 a
maximm of %0 . With the onset of maturity, which may ocour in the
second or third year (Bagenal,1953), the ovary begins to swell amd
grow backwards towards the tail. Concomitant with this is the
initintion of growth of the ococytes and this process can be divided
into a nmber of stages.

Stage 1, Oogonia,

These cells are present either singly or in small nests in the
lamellar epithelium at all times of the yeer but are present in greatest
quantity during the late spring and summer, dwing whicsh time occasional
mitotie divisions are seen, mm.mmummswsp
in dlameter and are always found in association with one or more
potential folllols cella, The muocleus contains a single, large
micleolus and a distinet miclear membtrane separates it from the narrow
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acoumilation of colourless oytoplaam, Fime tixeads of chromatin radiate
from the mucleolus t© the bulk of the chromatin material at the
periphery of the muclsus (Plate 3, Mg. 1).

Stage 2. Primary ocoayts.

The early primary oooyte is little bigger than the oogonium,
boing sbout 4=5 w in diameter, The mwrimary oocyte can be easily
distinguished from the ocogonium by the appearance of distinot
chromosomes in the mucleus, At first, tie oytoplasm ias still colourlsss
and the clromosomes appear.as a tangle of thick deeply staining tixeads
in the rucleus (Plate 3, Fig. 2), This is the lsptotens stage of meiosis
and is followed immediately by the pachytens, Lere the clromosomes
are visible as deeply staining threads of varying length distributed
evenly throughout the mclsus., It is not possible to distinguish
betwoen two strand and four strand pachytene.

Shortly after this, the follicular cells organise themselves
rousd the developing ococoytes, the cytoplasm of which begins to inorease
in amount and becomes strongly basophiliec, The muclsus becomes
enlarged ard the chromosomes lose their distinot nature, appearing as
loose threads in the gramilar micleoplasm, This marks the early
stages in the dewelopment of the lamp brush clwomosomes which are mo
characteristic of diplotens., With the growth of the oocyts. the
basophilic cytoplasms inoreases considerably in relative volume and
at the same time several deeply-staining basophilic micleocli appear
and gradually arrangs themselves towards the periphery of the mucleus.
Atﬂnordofnthmxindimhrofthnooqtohﬁo-ZOOP
(Plate 4, Fig. 1),
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Stage 3. Yolk meauwraocr stage,

At the end of atage 2 a single layer of thecal cells is
mesant cutside the follicular epithelium or gramlosa and a "yolk-
micleus” is present in the form of a black dot near the surface of the
gytoplamn, Stage J 1s charactearised by the rresence of a ring of
vacuoles in the eytoplams just inaido the cell memibrans, Siwmultansously
a narrow pre-deposit of the sona radiata makes its appearance hetween
the oytoplasm and the follioular layer. Stage 3 oocytes measure between
160 to 200 y (Plate 4, Fig 1).

Stage 4. Yolle-vmgicle stage.

The early cells of this stage are characterised by the
resencae of yolk globules associated with the ring of wveoucles present
in Stage 5. The round germinal vesicle lies in the centre of the
oocytes and many miclecli can be seen arocund the periphery of the micleus,
Iamp Wrush clromosomes are resent in the gramilar micleoplasm, AS
ths end of this stage, yolk globules ars nresent throughout the
aytoplasz with the exception of & merrow zone at the periphery and the
ococytes measure up to 500 p (Plate L, Fig 2).

Stage 5. Yolk stage,

Here the egg is enveloped by two layers, the gram:loss and
thaoca, each being one oell thisk, There does not appear to be a
subdivision of the theca into interna and externa and the gramlosa
is composed of squamous ocells. The zona radiata is welle-developed
ard clearly shows redial striation. The yolk globules, which are

muwch enlarged and stain deeply with hasmatoxylin, are foumd throughout
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the faintly staining cytoplasm except for a narrow some at the egg
surface, The germinal vesiols assumes s rounded form with an irregular
contour and conteins faintly steining mucleoli of spherical form, A%
the anddﬂﬂaatag.,mmmoyﬁanamupbwoo':,thlm
hrush chromosomes become indistinet and the mclecll increase in number
and become soattered throughout the mucleus (Plate 4, g, 2). A layer
of homogensous yolk may maroundthe mucleus,

Stage 6. Migratory muclear stage,

The germinal vesicle in the migratory stage, moving towards
tha pole of the egg, is found surrounded by a zone of apparently
viscid substance, After the migration, the yolk globules appear to
conlesce, becoming few in mmbar and of very large size, Thare is
little change in size at this stage (Plate 5, Mg, 1),

Stage 7, Maturation,

At this stage there is e rapid increase in the diameter of
the oooyte to about 1,400 u, Te grtoplasm is distributed in a thin
band round ths periphery of ths agg anl is thicker at one pole than
the other, The coalescence of the yolk glotules contimes and the
yolk eppears as a homogeneous mass filling the interior of the oocyte,
The szona radiata hecomes thimmer due to the increase in sise of the egg
(Plate 5, Plg, 1), The egg membranes rupture and the ripe ocoyte comes
tc lie free in the lumen of the owry., The mroduction of the polar
bodies has not been obmerved and it is resumed that this takes place
after the ovum has been released from the sgy membranes; possidbly after
fartilisation,
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B, Follicular Membranes and their Derivatives.
1. Zollicular membranes,

Only 2 memhranes, the follicular epithelium anmd the theoca
interna, are present in the plaice cocyte, unlike the placental memmals
where the developing ocooyts is inwested by 3 distinot layers. A thind
tissue - the theca externa is mesent outside the theca interma, but
it dose not farm a complets memirans, It is continuous with the
general ovarian epithelium and appears to be thrown into deep folds
where it comes into contact with the oooytes, partly investing them.

Cramalosa cells are sssooclated with the smallest cogonla amd
rapidly beocoms organised into a distinot membrane of squamous epithelium
which is never more than one cell thick, The gramilosa rests on a
basement membrane which seperates it from the theca interna, fThe latter
layer, also one ocell thick, is first seen in Stage 2 oocytes, when they
measure 150 - 200 § in diemeter amd is formed by the modification of
fibroblasts which organise themselves rouni the srunulosa. Blood
caplliaries are mmearous in the theca interna.

2, Derivatives.
a. Calyx.

The ruptwred folliale left after discharge of the ripe ovum
does not form a corpus luteum (Flate 5, Pig. 2), It shrinks very
considerably and appears as a pocket in the gpithelium lining the ovarian
cavity, The gramulosa cells are tirown out into the lumen of the follicle
and begin to disintegrate, the nuclei becoming pele and the cytoplasmie
bowdaries indistinct, The folliele is lined by thecal cells which have an
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irregular arrangement dus to the contraction of the follicle (Plate6, Fig. 1).
Mitotic divisions, which are absent from the gramulosa, are occasionally
soen in the theca, but there is no indication that this tissue
hypertrophies. The calyxz contimues to sizink and lsuococytes are seen
in the lumen, About 2 months after spawnlng the folliclss are present
only as small accusulations of thecal cells which eventually disappoar
comple tely.
b, Atretic follicles.

Carpora atretica, produced by the degeneration of the ococyts
inside the fallicle membranes, are present in the plaice ovary. They
are not of frequent ocowrence and farm only a very mmall propartion of
the total cocytes developing in the owvary, Fost-ovulation corpora
atretics are formed by the degensration of stage 5 = 7 oocytes which
remain in the ovary after matural ovulation has besn completed (Plate 6,
Pig., 2). They persist for long periods relatively unchanped, but gradually
bocoms smaller and disappear (Plate 7, Pigs. ¢ and 2),

O::J;rlis wns first ssen in a few developing oooytes in November
(Plate B, Mgs, 1 amd 2), It was not present in all the ovaries examined
and a gimilar random cocurrence of oolysis wes noted tlroughout the winter
amd spring until the apawning season, In all such cogytes, the pattemm
of degeneration was the same as that found in payt-ovulatory corpora
atretica.

There is a oconsiderable variation in the svents asscoiated
with atresia, but the genaral pattern in plaice is as followa, The
first visible aigns of atresia in a yolked ococyte are seen in the zona
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radiata, This memdrane degins to disintegrate and its outer surface
becomes irregular and pitted, There ia little change in the gramzlosa
cells, but these appsar to be responsible for the hreakiown of the sona
radiata (Plate 9, Pig. 1). The zona radiata eventually ruptures and some
of the ooplasm and yolk globules ascape from the ococyte to foarm a layer
of substance between the gramilosa and sona opposite the point of ruptare
of the sona radiata (Plate 8, Fig, 1). Cremlosa calls migrate across
this space and the dissolution of the zona is contimued (Plate 8, Pig. 2).
Invaaion of the interior of the ocooyte begins and the yolk is
phagocytosed by gramlosa oells which hypertrophy, There also appears
% be soma invasion of the cooyte by leucocytes, fmall ovoid bhodies
having a distinot, rather refractiw covering and which measure about
1 W along their long axis moke their appearsnce at this stage, One
half of the body 1s colowrless while the other half is filled with
dense materigl which is ecainophilie whan eosin is used in conjunction
with Yayer's hasmalum but stains black when cesin is used with
Heidenhain's hasmatoxylin, These bodies have not been seen in normal
oocytes, but in atresia of yolked oocytea, they firat appear in association
with yolk globules (Plate 9, Pig. 2). s degeneration of the nocyte
mroceeds, they are oftem visible in clusters of about 20 surrounded by a
distinct menbrane. It is possible that they sre formed by the breakiown
of yolk, as they are genarslly seen in assoeiation with yolk globules,

In the late stages of atresia, the oocyte is completely
resorbed end all truces of yolk and the zona radiata hawe disappeared,
The interior of the folliocle is filled with a mass of cells with smell
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round or oval maclsi abonth.yindiamhr surroundad by a weakly
eosinophilie cytoplasm, which oftsn contains yolk substance, The
ovoid bodies described above ere very commom at this stage and seem to
be inside the cytoplasm of the cells filling the follisls, The whole
structure is bounded by a membrane one cell thick which iz similar
in structure to the theca of a normal oocyte, There is little
vascularisation of the atretic follicle which is no larger then the
ooocyts from which 1t wag derived,
The fate of the theca interna during atresin appears to vary.
In the stretic follicles found in early vitellogenesis (October-December)
the thece interna remnins unchanged as a layer of flattened cells outside
the basement merdbrans of the gramulosa., In two atretie folllcles found
in Jarmuary, however, there wac a considersbls increase in the number
of thecal cells, particularly oppoaits a break in the zona radiata, and the
membrane was no longer one osll thick (Plate 10, Fig, 1), Iitotie
divisions were fairly common in some of the thecal cells whieh had a
denser cytoplasm (Flate 10, Pig, 2). The gremulose in these follliocles
appeared as a =ingle layer of ocells with a distinoct basement membrans.
The atretic follicles may persist in the ovary for several
months, hut graduslly begome smaller, The "ovold bodles" degenerate
and the remaining cells are abaocrbed into the lamellar epithelius as
atrands of interstitial tissue,
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C. Cyelical changss in the ovarv.

1. Gravimetric variation.

The ovary weight is least just after the spawning season,
in March and April., During the sumer months there is practiocally no
change, except for small individual variations., Ovary weight begins to
increase in August and the greatest rate of increase iz between
November and Pebruary (Pig. 2). At the end of this period, the
maximum ovary weight is attained, when it is about fifty times as great
as the weight of the spent ovary anl may comprise as much as 28 per cemt
of the gross body weight. The decrease in the percentage of the body
weight formed by the owary from Fetruary to May (Pig. 2) does not mean
that there is a gradusl expulsion of ova by each individusl, but rather
that some fish discharge their eggs earlier than othars. The cwrve
declines as the proportion of spent individunls increases,

The seasonal weight changes indicated in Pig, 2 are bused on
data from 109 fish collected over a period of 19 months from May 1958
to Jaruary 1961 inclusive (Table6, p.73).

#hile the mmbers of animals on which the graph (FFig. 2) is based
are insufficient for comprehensive statistical analysis, it is evident
that the greatest percentage of the body weight formed by the ovary is
found during Jamuary and February ani the least from May to September.

The absolute ovary weight is not a reliable index of oyolical
variation. Acoording to Piokford and Ats (1957) the relationship of the
weight of the gonad to the total body weight is an objective, sensitive
and relisble imdication of gonad-state. It will be seen from table 6 (p.73)
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Zabls 6,
[*] weight ssed as a to weight
Date of Colleotion N Mok =8
May 1958 3 0,88 0.63
June 3 1.28 0,00
July 2 146 0.22
September 3 24 O
October N bed 1.1
Novesber & 3¢9 0.7
Deceuber I 10,1 1.3
Jamary 1959 4 13.6 1,03
Felxuary & 17.9 2.6
March L o2 11.57
Amril b 75 T.2
July 3 1.6 0.31
August 8 1.7 0.3
September 7 2ols 1.0
October 10 Le2 24
Deoember 27 Be7 2.1
Jamuary 1960 10 114 3.1

N = Nmber of animals.

M.% = Mean value for gonad weight expressed as } of total body weight,
("gonosomatic index").

2 §8,D., = Standard deviation from the mesn,
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that as the spawning season approaches the variation in "gonosomatie index"
snoountered in any one month can be as great as that between ons month
and the preceding one. In view of this, it is felt that the “gonosomatic
index", while giving some indication of the gonedal condition of the fish,
is not sufficiently sensitive in plaice to rovide relieble information
on the eoffeot of experimntal procedures exocept where differences are
very large. '
2. Histologicel variation.

Oogonia are present in the owary tiroughout the year, but appear
to be most common in the spring and summer after spawming, The early
stagea of meiotie prophase are seen fraom iarch until Septsmber and the
resulting primery oocytes (Stage 2) are alsc resent throughout the year,
The firat oocytes in which the yolk pracursar is viaidle (Stage 3) are
found in May, and a few such oooytes are satill present in October, They
are found in greatest mmbers during July and iugust, The sarly stoges
in vitellogenesis (Stage L) are first found in July amdl Stage 5 oocytes
are present from August until Maroh, (tage 6 oocytes first appear in
Fetruary and rodustion of rips secondary ococytes (Stage 7) takes place
from Felruary to Amril although the peak of the spawning period occours
in March, The histological wariation in the ovary is remresented
diagramatically in Pig, 3.

During the year there is & considerable wariation in the
macroscopie appearance of the ovaries, In the minmer months, the
ovary is flaceid and its oontents appear traensparent, but with the onset
of vitellogenssis, the ovary increases in size and the developing eggs
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are yellow, This condition lasts untll Februsxy when the swollen
ovary contains mumercus lurge transparemt eggs.
3+ Qoayts propartiong,

In addition to the ococytes which will be shed at the current
spawning season, both oogonia and reserve primsry ocoytes are present
in the ovary. lstimates of the percentage of the total cooytes formed
by each of these tlzee classes were made (see p. 2. } and the results are
detailed in Figs, 4 am 5,
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D. Discussion.
1. Or of toa.

Most woriers are agreed that, in mammals at least, oocytes
are derived by the meiotio division of rimordial germ cells which can
be identified in the emltryo. The definitiwe oocytes which will be
shed during thes course of the remroductive life of the animal are
already pesent in the ovary at puberty ard oocytes do not generally
arise de novo in the ovary.

In mammals, however, the number of cooytes libersted at each
oestrus period is small, in contrast to the situation in teleosts where
the mmber of ocoqytes spawnsd may be several million, Femals plaioce
mroduce about 100,000 cocytes at each spawning season end according to
Cunningham (1893) the mmber of yolkless egzs left in the ovary after
spewming is far less than ths numbar of ripe eggs shed in the followirg
season. "Consequently the greater nmber of the eggs of one season's
crop are produced gb initio during the year”. Cunningham ocould not
aocount for the origin of these nsw oocytes but stated (Cunningham, 1897)
that mitotio division of oogonia didi not ocowr in plaice,

This discrepanqy has been recognised by several authors and
a mumber of hypotheses have been put forward to acoount for it, The
moduction of new cogytes from cells of the ruptured follicles found
after spawning has been desccibed by Wheeler,192h, Cralg Bemnett, 1932,
Bullough,1939, and Yamamoto,1956 (mee p. 30 ), This is certeinly not the
case in the plaioce, where the maximum production of new oooytes is compleste
before the empty foliicle has been completsly resoarbed, Oogonia and amall
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oocytes are ooccasiomally associated with the empty follicle, but always
with its ocutermost layer whioh is continuous with the ovarian epithelium,
Oogonia can also be seen in the "theca externa' where it ocomes in contact
with the developing oooytes and it is possible that the germ cells seen
by these authors in association with the empty follicle were already
there before the ripe ovum was shed, Yost authors agree that the cells
of the follioular epithelium degenerate after the egg has beoen shed and
it 45 highly unlikely for this reason that such cells would be capable
of tranaforming into ooaytes.

The direct development of new oocytes fram ocella of the
germinal epithelium is suggested by Wallace (1903) who describes mests
of epithelial ocells containing one or more oooytes, Such a process
is again unlikely, as in a tsleost, where the rumbers of cocytes shed
may be several million, it would lead to a depletion of the epithelium
which would be noticeable in older fish,

The mesent investigation on the plaice has falled to
establish unequivocally the origin of new oocytes in the spent ovary,
Oogonia are founi all the year round, but are moat common just under
the epithelium lining the ovary dwing the swmer, The occwrrence of
small nests ocontaining three o four of these germ cells sugpests that
thoy may have been derived by mitotic division from a singlie cogonium,
This would account for the nesta described by Wellace (4903) in
Pleuromectes limanda, Mitotic divisions of oogonia hawe Leen chaerved
occasionally in ovaries collected dwring the sumer, but their presence
is not a regular faatre of the ovary after spawning, It is likmly
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that the new oogytes are produced by mitosis, as deseribed by Ham (1927)
ard Matthews (1936) but that thia ocours very rupidiy in the individual
ovary andi may sasily be missed.

It is probable that the primordial perm cells descxibed by
Dodds (1911) do give rise to definitive oooytes in the teleost ovary,
but the cocwrrenpe of large mmbers of first meiotic prophases in the
plaice after each spawning peried is likely to be a feature common to all
teleosts and strongly supports the hypothesis that there is a definite
renswal of the ocoytes in the owary euch year, This indicates a real
difference from the situation in mammals where the early stages of
molosis are complets in the immature animal,

The larpe sizs of the yolied eggs in contrast with primary
oosytes in ovary sections examined during the winter gives the impreassion
that the mmber of developing eggs is far in excess of yolkless eggs =
which vouldt be in agreement with the statement of Cunningham (see p, 76).
The results obtained fyom oocyte counts in the present invertigation
indicate that this is not so (Pig. 5). Yolked eggs account for about
firfty per cent of the total in pre-spawning ovaries, This means that
there are already present in the ovary enough reserve eggs (primary ococytes
and oogonia) to provide for the next spawning cycle, but suoceeding
generations must be roduced de novo.

Pign, 4 amd 5 show that percentages of cogonia amd primery
ococytes =mre almost equal in Apxil, but that in the next two months,
Erimary oocytes account for a much larger percentage of the total,
Percentages are agaln about equal during July amd August, These facts
can be interpreted aa follows:~ in imril, new oogonia are being
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produced without much transformation into primery ooeytes, Dwring
May ani June, the mroduction of new oogonia continues but their
e tamorphosis to primery ococoytes is going on at a rate greater than that
of their arigin ds now. Detwoen July and feptomber, the percentage
difference between cogonia and primesy cocytes is reduced partly by a
reduction in the rate of metamorphosis botween them andpartly because
an increasing parcentage of the total oocoytes are later steges produced
by the onset of vitellogenesis in primery ocoytes (Fig. 4). It is not
olear to what extant ths new wrimary cocytes farmed during the sunmer
contimwe to dewlop andl form yolk and whether any of the reserve ocooytes
mesent during the previous year remain as rimary oocoytes.
2. Mo thi g 1x " fomantl

The development of the menizenss of the ruptured follicle
into a funotiomal endoarine glani in memmals is closely associated with
viviparity., Cumingham anl Smert (1954) on the basis of their omn ard
other morphologiosel atudiss, conoclude that smong tiw lower vertsirate, only
viviparous forms exhibit true oarpora lutes, but an examination of the
literature (p.23 ) indicates that this does mot apply strictly to teleosts
where lypertrophy of the ruptured folllels after ovuiation has been
described for some viviparous spscies but not for othars, A similar
hypertrophy of the folliocular epithelium has also been desaribed for
oviperous species. The results of the jwesent study indicate that the
foliioular membranes remaining in the plaioe ovary after ovulation do not
hypsrtrophy, but disintegrate anmd dissppear rapidly. rHoer (1955)
oconcluded that "since these organs are campurable developments of the
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follicular cells, it aseem logical to call them "ocorpara lutea”, but it is
folt that, in acomrdanoe with the views of Dedd (1955,1960), until the
mwoduction of progesterome and its assoociation with gestation has been
demonstrated the physiological natwre of 'corpora lutea' in fish must
remain in doubt,
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Ve mntal Studies on the
A. The effect of hypophysectomy on the ovary of Fleurcpectes.
1. The effect of hypophyssotomy on oogenesis,

Hypophysectomy, ('H' in the following description) and mook
operations ("HC') in which the pituitary was not removed, were performed

on groups of fish at various times of tie yemxs The data in Table 7
(ppe 82=84) and Fig. 6 are derived from fish which were deliberately
killed at various interwals after hypophysectomy, Infarmation from
post-morten material confirme that from sacrificed fish, but has not
been used in assessing the results,

Results

Group 1H (Operated early October), (Mg, 6a). VYortality was high

in this group and the maximmm survival obtained was a little more than

5 weelks., The ovary of one fish, sacrificed 9 days after hypophysectomy,
contained ococoytes in the early stages of vitellogeneais, The general
condition of the ovary was very similar to that of a control fish
saorificed at the same time and there was no evidenoe of atresia in either
animal,

In both fish several germ cells were in roocess of transformation
from Stage 1 to Stage 2 as evidenoed by the presence of leptotens and
pachytens figures in their muclei,

In two animals sacrificed about 3 weeks af'ter pitultary remowal,
all oooytes bayond Stage 2 were beginning to degenerate. itage 2 cocytes
were normal with a maximm diameter of 120Pandth early prophase of
meiosis was present in seweral of the Stage 1 eggs. Stage L4 ococytes
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up to 200 p in diameter were present in the ovary of a control figh
sacrificed at the same time ani there was no evidence of brealslown of these
ooay tes,

The ovaries of two hypophyseotomised fish sacrificed 4 amd 5
woeks after operation contained no normal ococytes beyond Stage 2 amd
several luter stage eggs were shawlfy sicns of atresia, A few meiotioc
mrophase figwres were present in one fish, Vitellogenssis waa well
advanced in a control animml killed at the same tims, Sewveral Stage 5
ococytes were resent, having a maximum diameter of 4L00 Pe The majority
of these secondary oocytes were normal, but a very few (about 1%) were
in the early atages of follicular atresiz, Transformation from oogonia
%0 primary cocytes was abaert,

Group 3H (operated October - Nowember). (Fig.6b). Three fish were
sacrificed 15 to 20 days after pituitary remowval, Vitellogenesis had
been arrested in all 35 fish but there was some variation in the degree
of atresia mesent. In 3H30, 25y of the oocytes contained yolk and the
maximum egg dlameter (Stage 5) was 490 p.  All of these oooytes were
beginning to disintegrate. 37 present of the oocytes were in Stage 3
arsl these, too, showed signs of breakdown and atresia formation, Both
ocogonia and primary ooccytes were normal and the meximum diameter of the
Stage 2 oocytes was 130 p,

Viteliogenesis had also ceasea in the ovary of 3ii24, dbut in
this fish only 6% of the oooytes had developed beyond Stage 2 and in
thess, atresia was well advanced, The atretic follicles messured
about 110 P.
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In 3H12 less than 2% of the oooytes had paased Stage2, and in
contrast to 3H2,, these had just started to degenerate. The maximum
dimhrofﬂuucggnmﬂ.ﬂpuﬂmdvanadewpmamtium
resent,

Jess than 2% of the eggs in the ovary of a control sacrificed
at the same times as these 3 experimental fish showed any signs of
hreakdown, MNany of the developing oocytes were in Stage 3, but a mmber
of normal Stage 4 and 5 oogytes were present, The maximum diameter of
the Stage 5 eggs was 380 y,

Some wvariation in the degree of atresia was also found in
the ovaries of 3 fish sacrificed between 7 and 11 weeks after
hypophysectomy. Two stages in oocyte disintegration were found in the
ovary of 3Hj., In most of the degenerating eggs, inwvasion by granulosa
cells and resarption were complete, but in a few, invasion of the interior
of the egg had not begum (Plate 11, 7igs, 1 and 2), Folliole diameter
nn90-110p1ntho!’malﬁ150’lint}nhtm. ibout 17 of the
cocytes had entered Stage 3 and these showed no evidenoe of resarption,
The ring of vaocuwoles which is characteristic of this yolk precursor
stage were larger than usual and irregularly distributed round the
periphery of the egg, suggeating that development was abnormal in these
oocytes.

In 3H15, 30% of the oooytes were in process of reswrovtion,

A few of these were fully-farmed corpora atretica, measuring about 100 p,
but in the majority rescrption of the ocoyte was not complete and, in
those, the follicles measured about 550 u (Flate 12, Pig. 1). A few
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Stage 3 and L4 ococytes were mresent in which no sbnormalities were evident
and, in two Stage 5 eggs resorption had not begun, although there was some
hypertrophy of the cells of the follicular epithelium,

Vitellogenssis had beon completely arrested in the ovary
of 3HY and normal oocytes beyond Stage 2 were absent, Typloal advanced
corpora atretica were yresent measuring sbout 100 = 120 p in dlameter
(Plate 12, Pig. 2; 13, Fig. 1).

Two control fish were killed after 4 and 8 weeks. In one,
all the deweloping cocytes were normel and had reached Stage 5 with a
maximum dismeter of 700 p. In the second, however, a few Stage 3
cocytes ware still present and mare than half of the Stage 5 coocytes
were showing the signs of breakiown typical of early atresia, Feo
small atretic follicles were present and the Stage 5 oocytes measured
about 700 Ha
Croup 6H (eperated Jamuary). (Pig. €éb). Martality was very high in this
group amd information is available from only 2 fish which were killed
11 weeks after operation, Vitellogenesis had cessed in the ovary of
6l15 ard atresia was well-adwvamced in all the developing oocytes (Plate 13,
Pig. 2; %, Fig. 1). A few oooytes, however, had entered Stage 3 amd
no abnormalities were seen in these eggs. Several cells in meiotic
leptotene or pachytens were present and a single ocogonium in mitotie
metaphanse wac seen,

Melotic prophase figures were also seen in the control,
Oogenssis was proceeding normally in this figh and the Stage 5 cocytes
bas a maximgm diameter of 870 Be A few corpora atretice were present,



- 88 =
but these acocounted for less than 1)) of the eggs and there was no
evidence of widespread breakdown, o Stage 3 oocytes were present,

Group 7H (operated February). (Fig. 6¢). In the normal cycle of
cogenesis, one would expsot the secondary ococytes to have reached Stage 5
or 6, This was the case in the owary of a control animal killed 23 days
af ter operation., The majarity of the ooccytes were well deweloped and
noymal, but a few well-developed oxrpora atretioa were present. The
absence of yolk globules in these and their advanced sSate makes it certain
that they were mesent before the animal was opsrated. In the ovary
of 7THB, a hypophysectomised fish sacrificed 26 days after operation, a
few corpora atretica were pmresent sinilar to those described for the control.
All the large developing oooytes were showhng signs of brealkdown and
converasion to carpora atretica.

Hix fish were killed between iugust ani October, 2 - 3, weeks
after hypophysectomy, In all of these only ocogonia und primary ooaytes
ware wesent, the latter measuring 120 - 140 R in diameter, Discrete
carpora atretica were either entirely absent ar present as pieces of
tissus about 100 p in diameter ani in many of thess, the cell muclei
ware pyonotic amd begiming to disintegrate (Plate 4, Pig. 2). No
msiotic prophase figures were mseen,

Meiotio prophase was also absent from the 2 ocontyols sacrificed
19 and 3 weeks after operation, In the farmer, however, vitellogeneesis
had begun and more than L of the eggs were in Stage 3. Vitellogenesis
had mrogressed much further in the second control and several Stags 5

oocytes with a maximm diamster of 3,0 } were present.
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Group 8H (operated March). (Pig. 64), The information from 7
hypophysectomised and 5 control fish is similar to that from group 7H.
All secondary oocytes ware converted to corpora atretioca and no new
development of eggs was obserwad even a yesr after hypophysectomy
(Plate 15, Pig. 1)s In the 2 long-term control fish, vitellogenssis,
although well-advanced, had not proceeded as far as would be expeotsd
from comparison with the normal cyole. No Stage 5 ocoytes were present
in 8iH2LC killed in liovember and the maximum diameter of LStage 5 eges
was only 620 p in 8H10C killed in February (Flate 15, Fig. 2).
Group 9H (operated ;spril)., (Fig., 6e). ‘ortality was high in this
group which was composed of fish in which spawning was in progress, or
had been compieted, at the time of operation., The ovary of JH2 was
flaoccid on palpation when the animal was hypophysectomised, indicating
that the ripe eggs had been shed, COogonia and primary oocoytes were prasent
16 wecks later but there was no new development of eggs. Jeveral ripe cocytes
in various stages of corpore atretica formation were mesent in the lumen
of the ovary, but no ocarpora atretica were seen in the lamellss, Ripe
egas were eacaping from the ovary of 9H17 when the pituitary was removed,
A few corpera atretica were present in the lamellae at' autopay 16 weeks
later and large numbers of ripe eggs were found in the lumen of the
ovary. These eggs were dull and opaque and ware found to be dsteriorating.
No new vitellogenssis had begun but several meiotio wrophase figures wewe
seen,

Corpora atretica and degenerating ripe eggs were absent from
a oontrol fish killed at the same time, but vitellogenesis had not
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begun, although one would have expsetsd to find some Stage 3 ococytes

at this time,

Group 10H (operated May). (Fig. 6e), High mortality retss were again
encountered in this group which was composed entirely of spent fish,

The ovaries of 2 fish, killed 12 days after lypophysectomy ware
indistinguishable from those of normal spent fish although no Stage 3
oocytes were present, The ovary of a control killed at the same tixe
contained sbout 5% of Stags 3 cocytes measuring 120 = 140 p ecross.

Both oogonia and primery ococytes were present in the overy of
10613, killed 12 weeks after operation. Seweral of these primery
(Stage 2) oooytes hed a gramular appearance amd msasured up to 200 p
1.e. larger than those from normal ovaries, Yolk depositicn had degun
in about 3 of tho eggs, but ell of tiese were showing signs of
deterioration,

Stage 2 oocytes were normal in 1083, killed 28 weska ufter
pitultary remowal, but several small corpora atretica messuring abeut
100 p were resent., Tlese were degenerating and must have been fozméd
before spawning as the figh was spent at tio time of operation,

Vitellogenesis was in mogress in three controls killed between
12 and 37 weeks af'ter operation, but in all 3 tie egg siszse was less than
would have been expeoted by comparieon with the normal ecyel~,

2) The effeot of lypophysectomy on oviposition.

From the results of group 8H, it is clear that pituitury removal
shortly before the natural spawning season results in atresia of all
the ripening eggs. These degensrate in situ and ovulation and
oviposition consequently do not coow+ It is not clear, however,
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whether oviposition of ripe eggs (i.e. those which have been ovulated
into the lumen of the ovary) can continue when the pituitary is removed
from ripe fish., The presence of large mumbers of degenerating eggs in
the lumen of the ovary of 9H17 (see p. 89) suggests that pituitary
removal may inhibit ovulation, Accordingly a group of fish was
hypophysectomised in March at the height of the spawning season and
examined at intervals in order to see whether spawning had taken place,
The results of this experiment, detailed in Table 8 (pp. 92=93) indicate
that spawning did not oocur in th® hypophysectomised animals,
3) The formation of carpors atretica after hypophysectomy.

Hypophysectomy results in atresia of all oocytes in whioh
yolk deposition has begun., The pattern of breakdown is the same in all
cocytes eXamined and closely resembles that found in atresia in normal
fish, The onset of resorption is marked by the folding and irregular
appearance of the muclear membrane and the outer surfeoce of the zona
radiata becomes pitted., At this stage there iz little change in
either follicular epithelium or theca. The nucleus breaks down and
becomes gramilar and dissolution of the zone radiata by gramilosa
cells contimies. The granulosa changes from a Bguamous to a cuboidal
or columar epithelium and loses its regular appearance. The cells of
the granulosa appear to be responsible for the breakdown of the zona
radiata as they are often seen deeply embedded in it. The zona radiata
finally ruptures and granulosa cells invade the intericr of the egg,

breaking down and ingesting the yolk globules, Fragments of zona
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radiata may remain for several weeks but the resorption of the ocoocytes
is finally completed anmi the resulting oarpus atretioum is composed of
a mass of rouwrded ocells derived from the gramilosa amd is surrounded by
the theca interna which remains relatively unchanged. Some degree of
vascularisation of ths cogyter is found during resorption and
phagocytosis may play some part in the hreakdown of the egge.

#ell developed corpora atretica can still be found in the
ovary 6 months or more after hypophysectomy, but thay btecome smaller
and eventually are removed either by disintegration or migratiorn of the
cells into the surrounding tissue. o trace of carpora atretica was
found in the ovary of ome fish a yosr after pituitary removal(Table 7,
pp. 82-84).

L) The effect of hypophysectomy on cogonis and jrimary cocytes.

It is oleaxr that hypophysectomy in plaice results in the
reakiown of all secondary oocytes and thelr conversion into corpora
atretica, Both oogonia and wrimary ocooytes are unaffected by pituitary
removal and are present in the ovary swen a year after hypophysectomy
(Plate 15, Pig, 1). The results obtained from group 9H and 10H indicate
that, although mrimary ococcytes are themselves unaffected by hormone
withirewal, their development into secondary cocytes is prevented. As
already stated, the transformation of oogonia % primary cocytes is marked
by leptotens and pachytems figures in the cell nuclei and the lampbrush
chromosomes characteristic of diploterm are found in the nucled of all
oocytes between Stages 2 and 6,
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In normal fish, meiotic figwes marking the woduction of
new Stage 2 oocytes from oogonla are found from larch to September
(Fig. 3). Such melotie figures hawe been recorded in the ovaries of
several hypophysectonised fish s are still present more than ons year
after pitultary ablation (Tuble 7, ppe 82 «84), In orxder to determine
whether hypophysectomy had any effect on the relatiw proportions of
cocytes in the ovary, ocooyte counts were made on all experimsntal animals,
The mmber of cocytes of differunt stages cxpressed us a percentage of the
total ooqgyter is giwen in Fig.Ge=e,
5) The effect of hypophyssctomy on immature fislh,

Only oogonia and primary oocoytes were present in the ovaries
of 3 Lmature fish hypophysectomised in October and examined 3 ard
11 weeks later., A few normal Stage 3 ococyles and several Siage L eggs
were present in the ovary of a fowrth fish killed 3 weeks after pituitary
removal (Table 9, p.96). HNuclear degeneration amd hypertrophy of the
follioculsr epitheliun wers avident in all of the Stage & eggs, but their
transformatiorn into corpora atretica had not progressed very far. The
owary of this fish wn wvery small at oparation and the animal was thought
to be immutare,

The ovaries of four controls killed at similar intarvals after
mock operation cuntained only oogonia and primary oocytes amd like the
3 hypophyseotomised fish mentioned above, were indistinguishable from
those of normal immatwre animals (Plate 16, Plg., 1 and 2). The relative
mroportions of oogonie and jrimary ococytes were tls same in opexrated
and control fish. (Fig. 7).



- 96 -

ys13 Tr° up jussaxd ezes suopaodox! yTwmaou up seyiboo z pm | edeys  °¢
*Jequeact]/zeqo3o0 peumedpy  °Z
*Tonuce SOUOTPUT JSQEN USTJ WP IV L0, L

2L 65°4°21 o9tHe
st L2 owene

65°1°21L o'ene

65°1°2 otze

e

e
el
el
174 69°1°21
24
L
€




-9l -
6) The effect of hypophysectomy on owary anl body weights.

The ovary and body weights, body weight gain and owry body
weight ratioc are detailed in Tabls 10, (pp. 98-99). In asseseing the
effect of pituitary removal on owary and body weight, one must tale into
account the narmel large wariation in ovary weight throughout the year.
Several fish sutopsied at varying intervals af'ter operation just before
the spawning season, show weight losses of more than 100 gm, These
losses are largely due to the expulsion or resorption of the eges, In
gensral, however, it can be said that hypophysectomised fish only maintain
their body weight while control fish continue to increase their body
weight,
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The effects of injection ar implantation of homoplastio er
heteroplastic fish pituitary material has been stulled in a large mmber
of teleost speciea. Iuch of the work has been done by peopls interested
in the commercial aspects of the roblem and the design of many of the
experiments lesaves much to be desired, In many of the experimsnts
the fish have been close to the ltreeding season or actually in spawning
condition (Piokfard and Ats, 1957 for references) and the result of
administration of pituitary material has been to induce maturation of
the eggs and ovulation., Cardoso (1934 ) and isevedo and Canale (1938),
however, obtained increases in the ovary weight of immature fish amd
of animals not in the breeding season.

In none of these studies, has the recipient been hypophysectomised
before gonadotrophin administration and consequently the pexrt played by
secretion of endogenous hormone cannot be estimated, The most detailed
study using hypophysectomised animals is that of Vivien (19.1), using female
Gobius peaganellug at different stages in their life cyole,

2. The effect of injection of plaice pituitary material and other
] into tomi sed ®

A group of fish was hypophysectomised in Felwuary and kept in an
aquarium until the end of August. Jowur of these fish then received a serieo
of injections of filtered sea water, two were giwen injeotions of piaice
pltuitary material collected in June and two received pituitary material
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colleoted betwsen October and December, The acetone-dried pituitary
glands were macerated in filtered sea water in a tissue morter and
injected as a suspension., Three wwperated figh whish hed been kept
unler the same oconditions since February acted as a second control
group (Table 11, p., 102).

The fish were injected every secomd day. All fish, except
1RH2, received a total of 20 injections ard were killed S weska af ter
the first injection, Fish 1RH2 was in poor ocondition and was killed
after 2 woeks having been given a total of 5 injections,. The results
of histologioal examination of the ovaries are expressed Table 12, p. 03,
Ooayte counta were made andl these are giwen in Pig, 8 in which the mnumber
of cooytes of different atages is expressed as a percentage of the total
oggs counted. The areas of tissue in which ths counts were made are
roughly equivalent, but no attempt was nade to expreass them in numbers
per unit area,

A second series of experiments was done in which a group of fish
was hypophysectomised at the end of Junuary shortly before the normal
breeding season., Flaice pituitary material OC (Pregnyl, Organon) amd
P8 (Cestyl, Organon) ware umsed in the injections which were begun 3 days
af ter operantion, At autopay the ovary was opened, and examined for ripe
oocytes which are normally clearly visible as large transparent eggs among
the opaque ripening ones. They were eatimated as a percentags of the
total large oocytes anl the results, together with details of injeotions,
all of which were given in 0.1 ml. filtered sea water, sre expressed in
Table 13 (pp. 104 = 105).
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C. Disoussion,

Oogenesis in the normal plaice is a complex wocess and can be
soagarded as a dynamio aystem having L major phases. The spent ovary
is reconstituted in part by the development of rimary coqytes whish
aie already mrecent, The first phase in oogenesis, hiowever, ia the
produotion of new oogonia amd this is followsd by the transformation of
ocogonia to mwrimary oocytes, Cytoplasmio growth and vitellogenesis of
secondury oooytes form the third phase and oogenesis is comploted by
maturation which involves meiotioc division and the mroduction of
polar bodies.

The most striking effect of hypophysectomy is its ability
to bloock vitellogenesis, Atresia of developing coqytes followed

pituitary removal in the owaries of all fish operated between Ootober
and March amdl first became notioceable 15 to 20 days after operation.
The results also indicate that the degree of atresia reached within a
partioular time waries oconsiderably in the individual occytes. In
groups tH amd 3H, which were operated during the early stages of
vitelicgenesis, atresin was well advanced 30 days after hypophysectomy.
In groups 7 and 8H, on the other hamd, vitellogesesis was well advanced
at operation and there was little or no inwasion of the ococyte after a
similar period of tims, By comparison with the normal cycls the oooyte
dmwmmrmmmuaboutzoo-swpmaw-soop
in the latter and this sise difference may account fer the slowmsss of
atresia in the latter group, In the large eggs, %00, the sona radiata
wbnuﬂxuwphudchnuomuﬁ:Sh1091::‘&'“11
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eggs and this aots as a physical berrier which must be "dissolved” by
the granulosa ocslls before invasion and resorption cen begin,

The concept of Vivien (1939,19%,1) that tiere is & aritical
oocyte size, ias trus also of mammals and amphibia, In the rat
(Smith,1930) and the salamander (Burns,1932, Burns and Buyse,1932)
development of small coqytea can prooceed to this aritical siss in the
absence of the pituitary, but egps that have reached this aise, are
transformed into corporan atretica. In Vivien's study, however, although
doveloprent was blocked at the aritical size, atresia did mot coowr and
the apparently normal eggs remained in this state of arrested development
for long periods,

The results of the present study, in wshich development wvas
arrested when the primary oocoytes attalned a diameter of about 120,u,
are in agreement with those of Vivien, In 3 hypophysectomised fish,
however, some development, characterised by the peripleral vacuclation
and deposition of yolk normally seen in Stage 3, ococytes, wes present
when the fish ware killed in autumn, Two of tiese 3 (7H13 and 7H2L)
were oparated in February ani the other (10H13) in May, afier the
spawning season, In all J fish theses developing ococytee "ars alowing
signe of hreakidown, GSerial sections of the pitultary region did not
reveal any pituitary tissue amd it must therefore be assumed that some
degrew of development beyond tie critical sise is possible altiwugh in
the abaence of the pitudtary it rapidly resuits in atresia,

The effect of pituitary removal on the mroduction of new
oogonia and their transfarmation into primary ooaytes is more difficult
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to assesa. Jeiotie porphase figures have been found in meny operated
fish (Table 7, pp. 82-8). DNo trensformations were found in group 3H,
but thmee fish were killed during December and Jamuary anl meiotisc
prophase figures are absent in normal ovaries at this tine of year,
It seems reasonable to conolude that early meiotio mrophase activity
can oontimie in the abssnoe of the pituitary gland and that the rroduction
of new primery cocytes is not inhidbited swen a year after hypophysectomy.

The effeoct of pituitary removal on the mre~vitsllogenesis
stages of coganesis depends on the time at whioh tie operation wae
performed (Fig. 6a~e). In groups 1H and 3H, where vitellogeneais was just
beginning, the percentage difference between cogonia and mrimary oocytes
is very great. lHere pituitary ablation blocka yolk deposition and the
propartion of arimary ocooytes becomes abnormally large since their
nusbers are still being added to by the transformation of ocogonia.

In group 6H, vitellogenesis was complete at operation anl the proportions
of oogonia and mrimaxry ooqytes hawe been unaffectad by hypophysectomy,
being similar to those of the control fish and normal fish at this

time of year.

In those fish in groups 7H and 8H which survived hypophysectomy
for more than 6 months, the percentages of the two early stages are again
roughly equal, but the absolute number of oooytes in the ovary is much less
than that of normal fish at the end of the peoriod of reconstruction of
the ovary (compare Plate17, Figs., 1 amd 2), /1though comparisons are
difficult because of the great disparity in the area coocupied by the
celis counted, it is posaible that the mumber of oocytes present in these
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operated fish is no greater than tis mumber of reserve ocoqytes which would
have been expected at the time of operation and that no rew production
of cocytes has talen place (Fig. 6o ami 4),

In groups 9H ami 10i, operated during the period when the
ovary is engaged on the mroduction of new oogonia, the absolute mumber
of oocytes i similar to that of normal fish at the end of the peried
of reconstitution (compare Flate 17, Pig. 1 amd Plate 19, Mg, 1), In
these groups the large percentage of the total formed by primary cooytes
is again due to the blockage of their further development,

The results discussed abowve suggest that pituitary removal
bef'ore tlm period of reconstitution of the ovary interferes with this
mocess and that it is the produotion of new oogonia which is inhibited
gince it has been demonstrated that primary ococytes can be produced from
oogonia in the absence of the pituitary,

Nogonia do not disappear from the ovary ami it may be that
reduced sotivity of the ovary under the circumstances ia s consequence
of the reduoced metabolio activity of the body.

The results obtained on the effeot of hypoplhysectomy on the
ovsries of irmature fish confirm that the presence of the pituitary
glamd is not essential for the maintenance of oogonia and primery
oooytes, Sinoe the age at which plaice first mature varies
(Bagenal, 1953 ), the question as to whether these imvature fish would
have entered pubsrty in the cwrrent season canmot be answered definitely.
Vitellogenssis was not apparent in any of the control fish and it is
mobable that they would have remained immature for at least one more
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year, In one fish, however, yolk had beesn laid down in a few eggs
and these were in proocess of resarption, It is probable, therefore,
that the findings of Vivien (1941) are true for plaice and that
hypophysectomy mrovents the subsequent maturation of the gonad,

The present study indicates that pituitary remowval before
the onset of matural spawning results in the degensration of the
ripening coocytes and their retention in the ovigercua lemellae. The
question whether oviposition is under the control of pituitary hormone
is mare diffioult to answer. The results given in Tadle 8 (p. 92-93)
suggest that oviposition does depend on the pressnce of the pituitery,
but such an interpretation must be viewed with ceution as a rmusber of
other factors may be involved, Firstly, the yrecise degree of ripeness
in both ths hypophysectomised ard mock operated fish ocould not be
established, Ti» normal spawning season in plaice extends over
soveral weeks and some fish ripen later than others, :1so in any one
individuel, there is a gradual increase in the number of ripe eggs lyirg
free in the ovary and the eggs are not all spawned at once. Consequently,
it 4is possible that those fish in whish ripe eggs could not be expressed
may have possessed few or mo ripe eggs and that hypophysectomy simply
resulted in atresia, Secondly, the amount of handling which the figh
received during feeding may have adversely affected spawning and the
shock and demage consequent on pitultary removal, which is eclways greater
in hypophymectomised than in mock operated fish, may hawe contribduted to
the inhibition of oviposition,
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The work of Foster et al (1937) on the hypophysectomised
rabbit indicates that the capacity of large follicles to dewelop in
response to administered gonadotrophin falls off as the interval
between hypophysectomy amd injection inoreases. From the results
of the mresent experiments it is evident that the primary cocytes of
hypophysectomised plaice retain their capacity to respomd to injected
gonadotrophin for at least 6 months after operation, Purther, the egg
diameter in those fish which received winter pituitary material is
greater than that of the fish which roceived summer glands, (Compare
Plate 18, Pig. 2 and Flate 19, Pig. 1). The percentage of the eggs
in which vitellogenesis has started is also greater in the formexr group.
Sinoe the ovaries were in the same state of arrested development at the
atart of the experiment and since bhoth groups received equal amounts
of pltultary material, it is evident that the pituitary material

collected during the period of winter growth is more potent than that
collected during thse suwsmer,

The administration to ripening fish of pituitary material
obtained from ripe fish resulted in mrecocious maturation and
ovulation of sggs. The atresia and inhibition of ovulation normelly
consequent on hypophysectomy were prevented, but it is not lmown
whether the tailing off of response as found by 7oster et al (loc. cit.)
also ocours, The faot that injection of comsercial OGC but not
comserclal PMS will also mroduce precocious meturation suggests that
the mechanism of ovulation is a response to luteinigzing hormone rather
than follicle stimulating hormone, These results given in Table 13

f. 104=105) are highly suggestive, but it should be borne in mind that
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ti® snimals were close P the normal spewning season and that other
stimuli, such as relesase of endogenous hormone at hypophysectomy, may
have been responsible for the maturation of the eggms.
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VI. The Plaice Testis,
A, Anatomy.
1. Testis,

No detalled description has been made of the testis and its
anmual oycle in the plaioce and the following account is basel omn an
investigation extending over 16 months, The testis of the adult plaice
is a paired elongated body situated ventral to the kidney with itas
long axis lying dorso-ventrally against the posterior wall of the body
cavity, It is attached to the body wall by mesenteries amd is
indistinotly lobed, being often divided darso~wventrally into J regiona
by deep grooves. The mesenteries carry the genital blood wvessels
which enter the testis near the testis duet and subdivide as they pass
ventrally. The testis is much smaller than tie ovary and projects
forward only a little way into the body cavity, thougi even in the male,
the alimentary tract is slightly displaced for a few months during the
winter when tho %estis reach its maximun size, Unlike the condition
in tha female, there is no posteriocr extension of the gonad into
the body musoulature,

True seminiferous tubules are not found in telecsts amd in
common with other fishes, the plaice testis is composed of larpe
munbers of ill-defined lobules, which are separated by a thin comnnective
tissue stroma ocontaining elastic fibres., The lobules radiate out
from the main ocolleoting ducts which are situated on the antericr side
of the testis. Themse ocollecting duects run longitudinally in the testis
and unite to form the testis duct which arises near the ventral end of
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the testis, Nlongated bodies of adipose tissue are located in the
teptis duet and the peripheral conneotive tissue of the testis.
The testis duot itself is hroad and flattened and is divided by a
septum into a mmber of longitudinal canals, The two duote unite
before their junotion with the ureters and open into a wrinogenital
sinus, Sperm are shed through a wrinogenital papilla,

Spermatogonia comxrise the hulk of the teatis during the
surmer and early autumn, but they are present aingly or in small groups
in the conrsotive tissue walla of the lobules at ell other stages in
the ayole, The spermatogonia are relstively lerge cells ( 11 p )
with a micleus of about 7 B in diameter. Thore i a distinet nuolear
membrane in the resting stage amd the mwleus containa a single large
micleolus from whioh fine threads of chromatin radiate to the bulk
of the chromatin round the periphery (Plate 19, Pig, 2). The
spermatogonia, after passing tlrough several mitotie divisiona, become
reduced in sipe to form primary spermatocytes, These ocells are sbout
6 p in dlamoter and in their earlier stages sre morphologically similar
to spermatogonia, They soon lose their nucleolus and sre most commonly
seen in the prophamse of the first melotio division, the verious stages
of which cannot eanily be distinguished, The first melotio division
takes place, giving rise to secondary spermatcoytes (Plate 20, Fig. 1).
These oells are sbout 4 p in diameter and the clromatin of the mucleus
is denser than thet of the primary spermatocytes, They are of short
duration and the imcediate result of the second meiotic division is the

formation of spermatids which have a diamster of sbout 2,5 Pe (Plate 20,Fig.1).
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The clromatin of the spermatid mcleus gathars at one side to form
a cup~shaped mass which contracta to produce s solid sperm heal with
a diame ter of 1 po The spermatomoa do not haw the uniform arrangement
in the lobule which is so typical of the seminiferous tubules of memmwmla.
The oells do not appear to have any orientation and appear as a tangled
mass completely filling the lobules (Plate 20, Fig. 2).
2, In titd .

The connective tiasue of the lobule wall waries in thickness
during the year, being only one cell thick during the peried wihen the
testis is swollen with aperm, ifter spermiation the lobules decrease
amd the consequent thiciening of the connective tissue is thought to be
dus to contraotion of the elastic fibres. In addition to the clomgated
comneotive tissue cells, smell round or oval cells are visible in the
walls of the lobules (Plate 21, Pig, 1), These are also common in the
interstices betwesn the lobulea and may be homologous with the mammalian
interatitial tissue (Flate 21, Pig. 2). The mumber of these cells appsara
to be fairly constant tiroughout the year, although it is @ifficult to
compeare teates from different times of the year due to ths great
difference in sige., It ocan certainiy be said that there is mo
hypertrophy of interstitial cells during the perioll immediately before
spawning.

Sections from plaice testea collected between March and
October were treated with Suden Black, but in none of the material so
treated was a positive result obtained., [Lipid meterial was found in
the sperm and in the adipose tissue in the testis and testis duot,
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The material tested was from spawning, apent and maturing testes, but
owing to the shortage of material, no tests were done on testes from the
period immediately before spawning., Iofts and Marshall (1957) foumd
that lipid-positive material was present in the lobule-boundery cells
of Esox lucius between Ootober and April i.e. in the jre-spewning

period only. Tie negatiwe results found in plaice are largely in
agreement with this but the demonstration of secretory interstitial
tissue in plaice must await a more complete investigation,
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B. Cycldcal changes in the testis.
1. Gravimetric variation,

The pattern of weight changes found in the testis tiwoughout
the year, although less mronounced, is similer to that of the ovary amd
need not be desoribed in detail. These seasonal changes, indicated
in Pig. 9, are based on data from 85 animals ocoliected ower a period
of 16 months from September 1958 to December 1959 (see Table %, p. 119),
2. Jidstologieal wriation,

The mmall nests of dormant spermatogonia (Plate 20, Fig. 2)
found in the testis appear to be solely responsible for the reconstitution
of the testis following spermiation, The lobules hawve been depleted of
thsir sperm and become considerably reduced in size, ¥itotic diviasions of
spermatogonia in the lobule walls nre first seen in the teatis in Jume
and contimw duwring the sumer, forming cysts of spermatogonia which
rapidly £411 the lumen of the lobules (Plate 19, Fig. 2). The maximum
production of spermatogonia occours in early autumn as evidenced by the
increased rumber of mitotic figures in the lobulss and increase in the
sizse of the latter, In view of the considerabls increase in the dimmeter
of the lobules, several generations of spermatogonia must be rroduced,
but the recise mumber has not besn eatimated.

The transformation of spermatogonia to primery zpermatocytes
tukes place fairly suddenly in October. lelotic mataphase figures are
first seen at this time and secondary spermatocytes anl spermatids
become increasingly mumerous. Spermatozoa sre first aeen in the
testis in December and from then till February the later phases of



Date of verage Average
e, (11 ks ok
12.5.58 151 (2) Ouls
5.6.58 36, (3) 0.7
9.7.58 416 (3) 1.0
5.9.58 563 (2) 1.5
6.10.58 492 (3) 7.6
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1.12.58 L6 (3) 25.25
6.1.59 490 (&) 23.0
10.2.59 436 (b) 13.0
2.3.59 369 (&) 10,25
6h459 532 (&) 9.25
30.6.59 385 (12) .21
10,8.59 Lo, (8) 1.2
15.9.59 301 (10) 0.60
19.10,59 335 (10) 3.00
1.,12,59 306 (8) 8.6

0.25
0,12
0.3,
0.23
1.6,
1,32
5.37
L339
3.07
2,79
2,83
G. 31
0429
0.20
0,96
2,78

1. Number in brackets refers to mumber of animals

in group.
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spermatogerssis become less common, HMilly mature testes can be
found by Jamiary and by the end of February all the testes examined were
in this condition. Spawning tales place between February and the end
of April, the peak being in March, During this period, the testis
becomes incressingly depleted of sperm, the lobules furthest away from
the teatis duot emptying firat, By the end of May the testis is
campletely reduced, although residual sperm can still be found in some
of the lobules ani in the testis duct,

These histological changes can be divided into tiwree phuses:=
a) Multiplioation of spermatogonia (Mitowsis).

b) Spermatogenesis or maturation (Meiocsis).
o) Spermiation,

Phases a and b are distinot processes although they follow
ons another without" pause, The mresence in Jamwsry of testes composed
entirely of spermatoson suggests that spermatogenesis is completed
fairly rapidly in the individual, but this phase cccupies tie period
betweon October and February in the population, In contrast to the
situation in mitosis, all the cells in a cyst are in the same stage of
division at the seme time although more than one stage may be mesent
in the teatis,

The histological wariation in the testis is represented
diagramatically in Fig, 10 amd it will be seen that there is a period of
"potential maturity” from Jammary to March in which ripe motile sperm

are present in the testis.
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Iuring the year, the tu’ecﬁ changes maxkedly in colour, The
ripening teatis found from October omeards is milkyewhite, but this
changes to a yellow colour during the period of spermiation, and the
exhausted testis from Juns to iugust is colourless or pale pink and more
ar less transparent,
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C. Disoussion,
1. The testis and sparmatogenesis,

It ia apparent from the review of the literature that the
sequence of changes which comprises spermatogenesis is common to all
specios of teleosts. There is, however, som wvarlation in the time
relations involved, Spermatogenesis is not completed until juat
before the spawning season in some species, while in others thare is
a "potential maturity” for several months before the spawming season
during which time, mature sperm are present in the testis., .According to
the evidenoce resented here, the resence of motile aperm in the pluloce
testis in Jamuary assigns this species to the latter group in which there
is a "potential maturity".

The significance of such a variation in the timing of
spermatogenssis is not obvious. In Gasterosteus aculeatus, the
completion of spermatogenesis in the autumn is dependent on the presence
of sufficiently high temperatures, If these are not attained, the
later stages will not appear before the next smring., (Craig-Bennett,1931).
Both temperature and food supply are knowm to influence ths reproductive
oycls (Piokford and Ats,1957) and it is possible that the phenomena
discussed above reflect wvariations in the metabolic processes of the
species inwvolwed,

2. o of the 's

Aooording to Dedd (1960) there is no permanent germiral
epithelium in the fish testis; "mwrimary germ~cells migrate into the
lobule walls af'ter spawning and a new wave of spermatogenssis is
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initiated", Dodd does not indicate whare these new mimary germ-cells
have ariginated, The literature reviewed esrlier indicates that their
origin is by no msans constant in the teleosts. In Perce flavesoens.
spermatogonia are prodused by migration of imary germ cells from"a
oxrd of germ cells outside of the testis”. (Turner,1919). This
germ oord was found in a single spsocimen killed in May, and Turner was
unsble to find it in specimens osught at other dates. In support
of his migration theory, Turner suggeasts that the elongated and
irregular shape of germ cells fouwnd along the zsptulm be tween the
lobulass suggeats amoeboid motion, I also points ocut that clusters
of germ cells found at the periphery of the testis could not give rise
to all the oells found there a short time later as there were few
mitotio figwes. This view is supported by the wark of Iofts and
Marshall (1957) on Esox lueius and Craig-Barmett (1931) on Casterocsteus
amulontus,

Foley (1927) states that in Umbra liwd, mew spermatogonia
arise from transformation of stroma cells of the testis, which may
migrate into weviously existing lobules or may transform in situ,
farming new lobules.

In several species, howewver, spermatogonia are present in the
testis all the year round and these divide mitotically to form the
spermatogonia of the next generation. (for references see pid ).

The evidence mresented here for Pleuronectes platessa is in

accordance with the last of these hypotheses, mitotioc divisions of

spermatogonia being common during the summer and sutumn, Careful
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exanination of the testis duct and tne tissue surrounding the testis
failed to demonstrates tha presence in them of spermatogonia and
migratory germ cells were not evident., This however, canmot be talen as
ocertain evidence of their sbsence as it is conceiwvable that such cells
would be morphologioally imdistinguishable from the other cells in the
tissue,

It may be that there is a considerable wariation in the
moans by which the teleost testis is reconatituted after spawmning,
but to postulate a migration of garm cells eitiar from the teatis
duct (Craig-Bennett,1931) a from some extra-testicular sourve Goes
seen wmecessary., The mare likely explamation is that the small nests
of sparmatogonia found in the testis throughout the year aot as a reserve.
These divide mitotioally to produce a larpe mumber of cells most of
which eventually form spermatozoa, but a few remain as spermatogonia
andd form the next year's reserve, thus maintaining the germinal
epithelium. The desoription of mitotic division of spermategonia
by Turner and Craig~-Bennett suggests that at least pert of the new
season's germ cells are produced in a similar mamner in P, flavesacens

and G, aculsstus,
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VII, Experimental Studies on tie Testis,
A. The effect of hypopliysectony.
1. The effect of hypophysectomy on sperm:togenesis.

Hypophyseotomy and ocontrol operations were performed on groups
of fish at varicus times of the year. The data shown in Table 15
¢p. 126 = 128) are derived from fish which were deliberately killed
while still in good health, Infarmation from post~mortem material
confirms that from sacrificed fish, but has not been used in evaluating
the results. In the following description, 'H' denotes hypophysectomised
animals and 'HC' denotes controls.

Results.

Group I, (operated early October), The mortality was high
in this group end only 2 hypophysectomised fish survived. They were
sacrificed 2 weeks after operation, The testes of both fish contained
only small cysts of spermatogonia and occasional nests of degensrating
sperm were still present from the mrevious year's spawning. The lobtule
walls were wery thick and the interlobular tissue was well developed.
Ry comparison with the normal sexual cycle, ons would have expected
to find primary and possibly secondary spermatocytes at this time of
year., lultiplicatory divisions of spermatogonia were absent, No
controls swrvived,

Group 3H. (operated October)., The mortality wee agein
very high and most of the fish died within 2 weeks of operation., Ome
hypophyseoctomised animel was sacrificed nearly 4 wesks af'ter operation,
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In this fish, the testis was composed of small oysts of spermatogonia
separated by well-developed interlobular tissue, Multiplicatory
divisions of spesrmatogonia were absent, Hesidual spermatosoa were
found in many of the lobules and were jeusent in large mumbers in the
testis duot. The blood wasels contained large mumbers of lymphocytes,
and phagocytes were resent in the sperm—ocontaining lobules,

No controls survived, but the normal testis at this time
would be expected to contain both rimery amd seconiary spermatocytes,
The testis duct is normally free of residual sperm in Nowember and
only small nests ars found in some of the testlis lobules,

Group 6H (operated late Jamiary), Information from this
group is cornf'ined to 2 animals, one hypophyseotomised and one contreol,
which were killed in June, 130 days after operation. In both animals,
motile sperm were present in a smear taken at the time of operation and
it is probeble that spermatogenesis was complete, The testis volume
was considerably reduced at sutopsy and histologisal sxamination showed
that spermiation has taken place although sperm were still present in
large mmmbers in the testis duot and amall nests were seen in many of
the testis lobules (Plate 22, Pigs., 1 amd 2),

In both animals, the lobule walls were thick and the
interlobular tissus was well developed, The testes of both fish were
very similar to those of a normal spent fish, but spermatogonial coysts
in the hypophysectomised fish were mmall and reduced in number compared
to the control, Mitotio divisions of spermatogonia, present in the
cantrol, wers completely absent in the operated animal, GSmall neste
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of degenerating spermatids were present in some of the testis lodules
of the hypophysectomised fish,

Group 7H, (operated late Pebruary). lotile sperm ware
mesent in smears from all but one of the fish in this group and it is
fairly certain that in these fish, spermatogencsis was complete at the
time of operation. Information is awailable from 4 animals sacrificed
between 5 and 7 months after operation. The testes of both
hypoplysectonised fish were reduced and the few spermatogonia present
ocowrred singly or in smll groups., Residual spermatozoa were still
mesent in the testis (7128)., The lobule boundaries were indistinot
arml the comnectiwe tissus was very well deweloped, Iultiplicatory
divisions of spermmtogonia were absent.

The testis of a contrel fish killed in iugust (7HSC) was very
similar to that of a mormal fish at this time of year, lLarge
spermatogonial cysts were frequent and mitotic divisions were visible,
although not s0 mmerous as would haw bean expected. The lobule walls
were still fairly thick, The animal was in poor ocondition when
killed. The second ocontrol fish (7H220) may have been immature at
the time of operation as milt was not expressed after slight pressure
on the abdomen. At autopay, the testis was small, but the lobules
were filled with spermatogonial cysts and mitotic figures were
frequent, 7The absence of residual sperm and the compactness of the
spermatogonial cysts suggests that the fish was, in faoct, immature
at the time of operation and was maturing for the first time, Neither
imery nor seconiary spermatocytes were present, but aspermmtogenesis
fis o2ton retarded in fish which are maturing for the first time,
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Group 8H. (operated Febauary/March), All the fish in this
group were ripe as evidenced by the presence of motile sparm in smears
taken before operation, Information is available from 8 fish
(4 hypophysectomised amd L controls) sacrificed between € months and
one year after operation.

The testes of 2 fish sacrificed in iugust, 175 and 186 days
af'ter hypophysectomy contained very few spermatogonia and these were
present either singly or in mmall aysts of tiree or four cells. The
later stages of spermatogenssis were abssnt, although a few residual
spermatogoa ware still present in the testis duct and the testis
lobules near it, Multiplicatory mitoses of spermatogenia, present
in the normal testis at this time of year, were completely absent,

The interlobtular tissue was well developed and was composed mainly of
connective tissus fibres with large numbers of cells with prominent
miclol and indistinet cytoplasmie boundaries,

Spermatogonia ware mmerous in the testis of a control fiah
killed 18, days after the start of the experiment, and mitotic division
figaes were sesn in some of the cells, The lobule boundaries were
indistinct and ths interlobular tissue ws still thiek, No further
atages of spermatogenssis were present, but although this is consistent
with the situation in the normal fish in September, the mmber of
mitotio divinions was fewer ani the lobuie walls thicker than in a
normal fish (taken freshly from the sea),

The testes of the 2 fish sacrificed one year after hypephysectony
were considerably reduced in volume., The lobules were aompletely
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collapsed and the bulk of the testis composed of connective tissue,
Occasional spermatogonia were present, either singly or in oysts of
tiwree or four cells embedded in the connective tissus (Plate 23, Mg. 1),
and a singls mitotic metaphase was present in 8i,, ‘“Interstitial"
cells with round or oval muclel ard inflistinot cytoplasmie boundaries
ware presant in the interlobular tissue, lerge mumbers of lymphooytes
were present in the testicular blood vessels of 8H11, In both animsls
the testis was small and the ducts were collapsed (Flate 23, Pig. 2).

In the testes of 2 of the 3 control fish sacrificed at the
same time, spermatogonesis was well advanced, IFrimary and secondary
sparmatocytes, spermatids andl sperm were resent, the majority of the
oells being spermatids (Flate 2, Mg. 1), Spmmatogonia were few snd
muiltiplicatory mitoses absent, The testes of the third control fish
contained spermatogonia ani somes cysts of wrimary spermatogytes: a few
nitotico division figures ware still visible. Spermatogenssis in thils
fish vas oonsiderably retarded sinoe ons would sxpeot spermatogencsis
to be almost complets at the begimning of March. Spermatogenesis was
also alightly retarded in the other two controls,.

Group 9H. (operated ipril/May). lortality was high in this
group and information is awailable from only 2 fish = 1 contrel and 1
hypophysectomised - which were killed 5 months after operation, The
testis lobules near the testis duct still contained rusidual sperm in
both the operated amdt the contrvl fish, In both snimals, amall cysts
of spermatogonia were pmesent in the lobules and the lobule walls were
thin, Spermatogonial divisions were wesent only in the contrel fish,
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but the mwber of spermatogonial cysts in the operated fish was greater
than that of hypophysectomiged fish from rrevious groups.

Group 14,H. (operated early lowember) DBy referemne to the
mormal spermatogeric cycle, it was estimuted that spermatogenesis would
be underwmy in this group at the time of operation, lortality was
again high and only 3 fish survived to be sacrificed 3 to 4 weeks af ter
oparation,

The testis lobules of the 2 control fish contained cysts of
oslls in warious stages of meiosis. The majority of cells were mrimary
and scoondmry spermatooytes but a few cysts of speaxmatids were presemt
in WH3C and spermiogenesis had Just begun in W%HSC, A few nests
of spormatogonia were mesent and spermetids in wriocus stages of
transformation to sperm were common., The lobules were btroad end the
interlobulsr spaces small; comnective tissue fibres and "interstitial”
cells wers mesent,

Many of the lobules of the hypophyseetomised fish still
contained cysts of spsrmatogonis, but both primery and secondary
spermatocytes were present in some of the lobules, Spermatids amd
spermatozoa were absent although their presence would be expected in the
teates of narmal fish in Decesber, There was no evidence of detesrioration
in the spermatocytes.

The results of' experiments perfarmed in 1958 and 1959 on
the effect of hypophysectomy on the tertis sugpested that pituitary
removal had no effect on the expulsion of ripe spermatosoca from the

testis, Jccardingly a mars detalled study wus during the spawilng
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period of 1960, Pish in whish motile sperm were expressed from
the testis at the time of hypophysectomy, were sacrificed at various
intervals after operation, The results of this experiment are
suzmarised in Table 16 (p. 135).

Thres control animals were sacrificed 18, 37 and 73 days after
the atart of the operation, The testes of all 3 fish were reduced in
sire and yellowish-pink in colour. Iliistological examimation showed
that most of the lobtules were reduced and emply although sperm were
still present in large mmbers in the collecting ducts and in the testis
lobules near them, The walls of the empty lobules were thickensd and
oomposed of cormective tissue and "interstitial” cells. Smell oysts
of spermatogonia were present in many of the lobule walls, but mitotis
divisions were not seen (Plate 2, Pig. 2).

Rypophyseotomised fish ware sacrificed 1, 3, 5, and 12 weeks
af'ter hypophysectomy. In 15H13, killed 6 days after operation, the
testes ware large and uhite and the lobules were wide and packed with
sparm, Spawning had not yet begun.

Spermiastion was well advanced in 15H2 and 15H10 killed
17 and 18 days after pituitary removal, In the former, only a few
lobules near the teatis duet contained aperm, aulthough the duot itself
was still swollen with spexm. The interlobular conneotive tissue was
well developed ani there appeared to be an increase in the mmbers of
"interstitial” cells (Plate 25, Pig., 1). ipermatogonial cysts were
small and few in mmber and mitotic divisions were cbsent, Some sperm
had been expelled from the testis of 15H10, but most of the lobules were
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still wide and full of sperm: some thickening of the lobule wall was
apparent, especially in the lobules furthest from the testis duet,

Four fish were ¥illed 3 weoks after hypophysectomy and in
these the testis was reduced in size and yellowish-pink in colowr,

In 15H15 and 16, spermiation was mare or less complets, The teatis
lobules were collapsed and only occasional nests of sperm were
present, although spewm were plentiful in the testis duct. The
interlobular comective tissus was plantiful and "intsrstitial™ cells
common., A few spermatogondia were present either singly or in small
qysts but multiplicatory mitoses of spermatogonia were absent,
Spermiation had begun in the other 2 animals sacrifioed at this time,
Most of the lobules were wide and full of sparm, but the lobules distal
to the testis duct were reducsed to somo extent,

Spermiation mas complete in the 3 fish killed 12 weelks after
pituitary removal., The testia and its duot were very small amd
yellowish~pink in eolour. Only residual spesrm ware esaent in the
teatis lobules and oither absent or few in mumber in the dust, Tie
testis were composed mainly of connective tissue fibres and "interstitial”
cells were common, Spermatogonis were few and mitotic divisions were
absant,

It is evident from the abow description that there was a
considerable variation in the degree to which aperm had been expelled
from the testis in bdoth control ani hypophysectomised fish,
Spermiation had prooeeded further in soms fish exmmined in April than
in another exanined in May., This variation, however, is consistent
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with the variation found in normal animals taken from the sea between
March and May.
2, : on tes of immature 0.

The experiments on adult fish were extended tv include the
effect of pitultary removal on the testes of immature fish., HNartality
was high among the fish in this group and information is available from
only 6 fish which were sacrificed 3 to L4 weeks after operation (Table 17,
p. 138).

In both operated andl control fish, the testes were amall and
undeveloped, Histological examination showed that the tectis iobules
wore filled with “resting” sparmatogonia, These cells in the
hypophysectomised fish appeared healthy ard normal and there was no
ovidenoe of deterioration of the cell contents. Ths teates were
indigtinguishable from those of control fish and from normel immature
fish (Plate 25, Pig. 2; Pl, 26, Fig. 1).

3. The effect of hypopiyssotemy on testis and body weights.

Information on body and testis weights from all groups is
detailed in Tadble 18,(pp.139=140), It iz evident that the hypophysectomised
animals have either lost weight ar at best maintained their body weight,
Weight increases are recorded for 6 animals which had their pituitary gland
removed, but the inarease in weight ere amall and are probably not
significant,

Conversely, it is apparent that moat of the control animals
have inareased their body veight diring the course of the epperiment,

This is partioularly trus of the comtrols in group 8H where weight






~Zable 18,

Total Tes Wed of & i lea
Welght gm, Gain or Testls ga.
it death L} weight Z Testes wt,

3,0 + 15 0.75g 0.22
1H8 410 10 - 0.6g 0. 16
6H2,0 230 290 + 60 0.3 0. 148
6H13 270 280 + 10 0okt 0. 146
7HSC 220 170 - 50 0.52 0.306
H220 200 2,0 + 40 0,11 0.045
7H28 30 360 + 20 0.68 0.18
7H30 175 150 - 25 0.19 0. 12
8H130 27 32 + 67 1,18 0. 3%
81150 360 412 + 52 1.15 0.27
8H20C 300 378 + 78 0.67 0.17
8128C 2.5 295 + 50 0.30 0,10
813 245 260 + 15 0.2 0.07
81 220 182 - 38 0.27 0. %
811 3,0 8 » 8 0.36 0.10
8Hz2 375 380 +5 0.5 0.4
9H22C 285 + 20 0.9 0.31
9H1, 180 14,0 - 40 0.1 0.07
Wi3C 210 2,6 + 36 3.0 142
14,H8C 190 220 + 30 2,9 1,52

1412 280 270 - 10 2444 0.95
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increases of 50-78 g. were recorded over a period of ome year, The
body weight of 3 of the animals was reduced, tiough probably not
significantly, The decrease in weight of 50 g. recorded for 7HSC
may be due to the fact that the animal was in poor condition and
suffering from fin-rot when sacrificed.

The testis weights of hypophysectomised fish were also lesns
than those of controls especially in long~taxm operated fish,
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B, Discussion,

All workers on pltultary-gonad relationshipa are agreed that
the presence of the pituitary gland is essential for normal development
and funotioning of the gonads and that pituitary hormones exert a
controlling influence on spermatogenesis, There is, howsver, little
infarmation on the preciss stages in sparmatogenesis which are affected
by hypophysectomy.

Hatthews (1939) and Piakford (1953), both warking with
Fundulus heteroclitus, found that spermatogonia were unaffected by
pituitary removal, but that few spermatocytes or spermatids amd no
spenatosca ware mesent in the testis five months or more after
operation. Matthews found that mitotic divisions of spermatogonia
were roduced af'tec hypophyssctomy, dbut dividing spermatogonia were
still present 206 days after operation. lie concludes that the influence
of the pltuitary is of greater impartance in maturastion than in
mroliferation of the germ ocells.

The results obtained by Durger (19%1) agres with those of
Matthews and Plekfard in so far as the later stages of spermstogenesis
are conoernad, but there appears to be some ocontruadiction in the
comlusions drawn from Burger concerning the earlier stages, In

suznarising his results Durgsr states that "unialus, hypophysectomised
shortly after maximal testicular develorment, show an imhibition of
spermatogenesis for stages beyond these of spermatogonial multiplication,
Spermatogonial divisions do mot hecome mumerocus”, However, in

decribing the effect of hypophysectomy at this period, he states that
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"at o time were spermatogonial multiplications supmressed. These
divisions formed a well @efined cortical some of spermatogonia”,

Prom a oritical examination of Burger's results, it would appear

that although spermatogonial divisions are considerably reduced so
thet the autwsmal build-up of spermatogonia in the testes does mot
ocour, they are not completely supressed, as evidenced by the well
defined szone of spermatogonia in the cortex of the testis,

Vivien (1941) found that the testis of adult Cobius paganellus
appeared immature 5} months after hypophysectomy and essentially similar
results are reported by Tavolga (1955), using Bathygobius soporator.
The former suthor also reparted that spermiation and territorial
behaviour were prevented in 707 of a group of Ogbius paganellus
hypophysectomised just pxior to the natural treeding season., Vivien
was unsble to account for successful spermiation in the other 30/,
The most obvious suggeation is that the pitultary gland had not been
completely removed in tiese fish and the amount of hormons produced
by the remmants was sufficient to allow the animals to spermiate,
The oceowrrence of a time-lag between the remowal of the pituitary
anl the initiation of the effect on the target argan has been noted
in all groups of wvertshrates. It is possible that some of Vivien's
fish were 30 near % their natural spawning that spermiation had taken
place before pituitary ablation had become effective, This, however,
would not account for the ability of the fish to contimie their
territorial behaviour, assuming that this is basically umder pituitary
control.



- =

The evidenoe mesentsd here congitutes a strong case for
the hypothesis that spermatogenssis in Plsuronectes is controlled by
the searetion of gonadotrophic hormone(s) by the pituitary gland,

There 1s, howowsr, a considerable wariation in the effect of
hypophysectomy at different times of the year.

The results obtained in Croups 1H amd JH indicate that ths
transfamation of spermatogonia to spermatooytes iz under pituitary
control, sinoe stages beyond spexmatogonia were absent fyom the testis
in hypophysectomised animals of these groups. It is impossible to be
certain that matwration had not started at the begimming of the experiment,
but the testes of many of the fish in their natiral environment would be
composed entirely of spermatogpnia,

The results obtained from Group WH suggest that once
sperma togenssis has atarted, meiosis can contimie for some time in the
cbesence of the pituitary glani, Jost of the tostes lobules of 14H12
contained spermatogonia and their dewslopment had again been arrested.
The absence of meiotio divisions between spermatocytes and spexrmatids
suggestas that this tranaformation is inhibited in the absence of the
pltuitary, The duration of the experiment was too shart to answer
this question satisfactorily., Whether spermatogenesis once started
can go on %o completion af'ter hypophysectomy can only be determined by
longer term experiments. Vhen mumbers of experimental snimals are smll
and mortality rates high, one is always faced with the problsm of whether
to be: artain of short-term information from sacrificed fish ar risk losing
the animals in the hope of obtaining long term data,
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When the pituitary gland is removed after apermatogenesis
is complete, (Croups 6, 7 and 8) sperm are shed noymmlly, but subsequent
spermatogonial multiplication is almost completely arrested, The testis
of such hypophysectomised animals examined at perieds up to one year
af'ter hypophyysectomy, are composed of scettered oysta of spermatogonia
enbedded in a very thick oconnective tiasue strome and mitotic divisions
are rare, The post~spawning recrudsscence of the testis is suppressed
entirely: the few spermatogonia presunt are those which did not develop
in the preceeding maturation period; whioh, as reserve cells would have
been the source of the sucoeeding genoration of spermatogonia, The
presence of a few cysts of sparmatids in the testes of 6H13, more than
4 months after pitultary remowval, suggesata that apermiogenesis was not
quite complete at the time of operation and that the tranaformation to
sperm of the spermatids present in the testis was inhibited by
hypophysec tomy .

It is evident from the results that spermatogancsis was
inhibited to some extent in some of the ocontrol fish, By ocomparison
with the normal spawning cycle the testes of Croup 8 controls should
have contained nothing but sperm. In one such fish, however,
spermatogensais had just started and in another, the transformetion
of spermatids to sperm had not (rogressed very far, It is difficult
to rovide a satiafactory explanation for this as a great many factors
oouid be involved. The most likely suggestions are that ths fish were
not receiving a balanced dlet (see methods p,11 ). In view of this
1t is felt that all the results discussed abowe must be intsrpreted



- %6 -

in the light of possidles inanition amd captivity effects.

In contrast with the situation in (obius paganellus where
Vivien (1941) found that spermistion wes inhibited 4n 707 of a group
of hypophysectomised fish, the results obtained in Croups 6il, 7H and 8H
indicate that ppermiation in plaive can ;roceed narmelly in ths absence
of the pituitary, That this is the case, is confirmed by the results
of Group 15H where fish hypophysectomised dwring the treoding ssason
ware autopsied at warying intervals after operation, Here the absence
of any indication of resorption of sperm as found by Vivien and the
ocowrrence of various degrees of expulsion of sperm suggest strongly
that spermiation is mot under pituitary contrel in Pleurcnectes.

Pltuitary goned relationshipe in Zcyliorhimis canleculus
have als beon studied at the Gatty Marime Taboratory and the results
discussed adove may be compared with those of Goddard and Dodd, (1960)
snd Nodd, Yvermett and Coddard,(1960). The testis of S, ceniculus
has a zonate structure in which ampullas containing germ cells at a
purticular stage ccaupy more or less perallel sones concentric with the
spormstoganial ampullae, The effect of wentral lobsetomy is to cause
breakiown of the transitional zone of ampullae which lies between
spermatogonia ard primary spermatooytes, The tubulogeni@ gone appears
narmal as do the oells of the spermatugonial umpullas nearest it.
More distal ampullae show a reduction in the mmber of nuclel. Frimary
sparmatogytes, already esteblished at the time of operation, amd all
succesding stages develop in their normal fashion,

These remilts are in full agmresment with those obtained in
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P._platessa in so far as the latter can be interpreted safely in view of the
difficulties associsted with Plewronectes.

It may be concluded, then, that pituitary gonadotrophin is
essential for the normal trameformation which oocours when a
spermatogonium, whioh has been dividing by mitosis, becomes a rimery
spermatogyte which will divide by melosis, Primary spermatocytes,
if already establisghed at the time of operation, can complete their
development ani pitultary removal doem not interfere with spermiation,
Severnl workers have suggested that pituitary removal stops mitotio
division of sparmatogonia but this does not appear to be the case in
plaics, and the reduced mmber of spermatogonia found may be a more
genaral metabolic effect,
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VIII, The Plaios Pituitary Glani,
A, Anstony.

The plaice pituitary gland is a pear shaped organ, closely
attached to the base of the mid-brain by fibres passing into the
neural lobe, and the cavity of the third wentricle extends downwards
as a shellow hypophyssal mroocess, lined by ependyma cells, in the
cantre of this owal ring of filges., The gland lies in a slight hollow
in the oranial floar enclosed in the endocranial membranea: but mo
structuwre comparable to the mammalian sella turcica is esent, A
distinot transverse groove, sinilar to that described in inguilla arguille
(Viaring,1940) separates the gland into anterior and posterior portions
(Plate 26, Pig. 2) but the 3 regions of the adenohypophysis cannot be
distinguished extermally., In the following desoription, the
nomenclature proposed by Plokford and itz (1957) iz used.

Thie is the most anterior and the mmallest of the 3 glandular
regions, It ia composed of sbout equal mmbers of acidophils and
clromophobes which form a closely-packed mess of smell cells., Rasophils
cells are entirely sbesent, Antero-darsel to the main bulk of cells
is a band of large clromophobes. The round or oval nuclei Liese
cells are about L.5 u in diameter and the cell boundaries are indistinct.
The scidophils and chromophobes of the main bulk of tissue are about the
same size and have a micleus about 3.5 u across, The acidophils
oocupy the periphery of the some and although of'ten rounded, tend to
show an elongation towards connectiwe tissue septa or blood wvessels
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(Plate 27, Fig. 1). GSections to either side of the median plane show
this zone disappearing and its cells becoming contiguous and intermingling
with those of the meso-adenohypophysis.

The comwotive tissus boundary of the pro-adenohypophysis
with the newrohypophysis is uniroken and several connective tissue
sheots form an irregular framework within the body of the regien.

The ocesses from the nsural lobe into the mro-adenohypophysis are
mainly few ani shoart, but may sometimes penetrate to the outer surface
of the gland, The blood supply of the region ia not rich, but
capillaries are present in the rocesses of the neurohypophysis amd
in the substance of the tissue,

2. Meso-adenohypophysis.

Anteriorly, this region extends a short distance below amd
on either side of the previous region, but posteriorly it is clearly
delirited from the meto-adenohypophysis. This posterior boundary is
marked on the outside by the transverse groove mentioned earilier,
Deep, irregularly shaped mrocesses from the neurohypophysis cause
characteristic, though irregular, indentations into thes region.

The three cell types characteristic of the mammalian pars anterior are
present and their distribution is constant, The socldophils are

arranged more or leas side by side along the boundaries with the
neurchypophysis ani blood vessels forming a sheet, A few cella may ocour
separately or in smell groups below 2his sheet, but the bulk of the
acldophils are confined to the mare dorsal part of this region where

they form 60 to 70/ of the ocells (Plate 27, Fig. 1). #here the acidophils
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are assooianted with nmoral tiasue or blood veassels, they are generally
columnar in shape and measure about 7 p by 11 u, They may also be rouml
a oval in shape and in this case meamue 7 to 8 p.  The clwomophdl
substanoe in the qytoplasm consists of very fine granmules showing
a atrong affinity for acid fuchsin., The shests of acidophils are
seperated mainly by round chromophobe ®elis which moasure sbout 7 p.

The boundaries of these cells are imndistinet making them diffiocult
to measure apourately and their gytoplasm has little demonstrable
struocture.

The distribution of basophils in the meso-adenohypophysis
will be desoribed in some dstall as it appears to differ from that in
meviously desoribed teleosts (Pig. 11a). A narrow sons (sons 1) of basophils
is found in the antero-darsal part of the region imwdiately posteriar to
the pro-adenohypophysis and not out off from the neurchypophyseal rocesaes
by connective tismue (Flate 28, Pig, 1), It is most obvious in sagittal
sectione and becomes intermingled wventrally and laterally with the
bulk of the meso-ademohypophyseal cells. The mucleil of these cells
are about 3 B in diameter and the cytoplasm is attemated., iell-
marisd cell bouniaries are not visible even at very high megnifications
( x 2,00 ). The basophilic material in the oytoplasm is extremely
fime and carmot be resolved into disorete gramiles,

The seconi sone (sone 2) of basophils ococuples the ventral
and lateral reglons of meso-adenohypophyeis where they are foumd
intermingled with shromophobes. The concentration of basophils is

geatest close to the meta~adenohypophysis and the outer surface of the
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gland ani decreases gradually towsrds the acidophil zone (Pig. 11a).
fiome basophils are found intermingled with the clwomophobes between
the sheets of acidophils., The aytoplasm of these basophils surrounds
a central mwleus and is f£illed with coarse, lLrregular granules, The
cells are usually large, but a oconsiderable wvariation in size from
about 6 u to 12 y is found. Small and large cslls are randomly
dis@ibuted tiroughout the basophil region,

The blood supply of the meso-adenohypophysis is wvariable,
Oapillsries are common in association with groups of acidophils anmd
larger vessels are often present in the rocesses of neural tissue,

3. Meta-adenohypophysis.

This is probably the largest region of the gland and is
irregulor in shape being in couplex association with ths branches of the
meurohypophysis which may extend % the cuter surface of the gland,

It ia clearly maried off from the previous region meinly by virtue of
the difference in staining reaction of the two regions, but an
Lregular connective tissus boundary is also present. Strong steining
reactions are not found in this region and the ocells sare mainly
alwomophobes ard dull cells which react with both the aniline blue

and arange G of the Asan technique, The latter cells are generally
orientated towards the nsural lobe processes and their cytoplasam
contains very fine gramules. In this situation, the cells tend to
becoms elongated, measuring 6 p by 12 p and the pockets between thea
are filled by chromophobes (Plate 28, Fig, 2). 'The blood supply is poar,
consisting mainly of capilliaries from the neurchypophysis, Ococasional
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cells with very large (8 y) round er ovul muclei are seen close to the
processes or nsural tissus, lio oytoplasm is visible in there cells.
h. Heurohypophysis,

This region oconsista mainly of a network of fiblres extending
downwards from the train and spreading horisontally meer the dorsal
murface of the pituitary and tlen pasaing down into the tranches of the
lobe (Plate 29, Fig. 1). Huclel swrrounded hy scanty cytoplasm are scattered
throughout the tissue in considerable mumbers and the floor of the
infundibulum cantains similar muclei of the ependymal layer. A
fine connective tissue farms a boumiary with the 5 reglons of the
adenohypophysis,

Herring material is always present and is generally conf{ined
to those branches which are associated with the meta-adenohypophysis.
It varies in amount and is generally mesent as 2 fine gramlation
although larger masses may be fourd in the mare dorsal btwanches close
to the infundibulum,

In addition to the abowe histological study, a histochemical
investigation was carried out using the periodic scid-Schiff (Pis)
resction, PAS positive cells are found to be confined to the meso-
and nmeta-adenchypoplysis. In the farmer region the distribution of
such cells is identioal with that of the basophils of both zones
(Flate 29, Pig 2 amd Plate 30, Pig. 1). In zone 1, the red coloration
is diffuse and it is impossible to discern the boundaries of the individual
cells (Plate 30, Pig. 2). The cells of the postero~ventral region

(sone 2) are intensely PAS positive fer moat of the yoar and stand out
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olearly against the unstained olromophobes. (Plate3di, Fig. 1), In the
me ta~adenohypoplysis, the PAS reaction is confined to thoss cells
which are found on the barders of the neurohypophysesal tissus (Plate 29,
Pig. 2).

PAS in conjunotion with methyl blue has been used in
masmelian studies to differentiate between purple gonadotroph cells
and red thyrotrophs, (Wilson amd Esrin,1954). No such differentiation
was found when this tecimique was used in the present study., The
basophil ocells of both sones in the meso-adewohypophysis remain red
after counterstaining with methyl blue as did the PAS positiwe cells
of the meta~adenchypophysis.

The aldshyds fuchsin (AP) reaction, although mot striectly
a histochemical test, has been used in teleost studies to differentiate
between gonadotrophs and thyrotrophs (Barrington and Matty, 1956).
According to these suthors both the basophil cell types in the meso-
adenohypophysis of Phoximus lJusvis are PAS positiwe but only one of
these will react with {F, 1In the present investigation it ws found
that all the basophils of the meso-adenohypophysis reacted positively
to AP and that these ocells also reascted to PAS, The herring material
of the neuwrohypophysis is also AF positive but the PAS positive cells
of the meta-adenchypophysis are AP negative (Plate 31, Pig., 2 and Plate 32,
rig. 1).



An examination of pituitary glands collected from adult
plaice at regular monthly interwvals tiroughout the year suggested that
there was a considerabls wriation in the mmber, sise and staining
intonsity of the basophils of the meso~adenohypophysis., Zons 1 is
small anl compant (Pig 11a) and its basophils are randomly intermingled
with clhromophobes., Nost of its cells could be counted in a single
fisld, but the indistinot cell boundaries made accurate cell counts
extremely difficult and in some instances imposaible, Between July
and Maroly, the mmsber of basophils is relatiwly constant and there
is little change in the sime or stalning intensity of the cells
(Tsble 19, p. 155). Pitultary glands examined in May amd June, 1958
were completely devoid of sone 1 basophils and PAS and AF tests were
negative, although positiwe cells were fourd insections of glands from
other months stained at the same time, “ons 1 basophils were vesent
however, in glamis collected in May and Juns, 1959, and wers PAS and AV
positive, The cells were too diffuse to count, but appeared to be mesent
in mnumbers similar to those found in other months.

The basophils of sone 2 are well defined and easy to count
at moat times of the year, but their distribution within the zone is
not random, In order to determine their precise distribution, a series
of ocounta was made in several sections on either side of the msdian
plans in one gland. Approximately 10 fields were counted to include
most of mone 2 and the dorsal acidophil zone, The results given in

Table 20 (p. 156) indicate that the greatest PEOPO-tion of basophils is



Table 19,
Husbers of 4 present in the me ; .
Date of Number of glands lean 7
oolleotion, counted (1) Bagophlls o

Hay 1958 3 -
June 6 -
July 6 50
August 1 &5
Septexber 6 52
October 8 b
Tovenber 8 L9
Jamary 1 5
Yarch 3 42
Apwdl 1 (Ripe) body

1 (Spent) 63
May 3 50
June 3 L5

(1) In many instances, other glands were examined, but the cellls
ware too diffuse to count,
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Tabls 20.
Distribution of soms 2 basophils in the meso-sdenohypoplysis.
Fleld (1) Mean # = Stand,
Nuribexr Locution of section basoplils Dev,
B0u 7Su Medien W 1
t, Tt 5.7 708 1.2 967 6.1 = 3,09
2. 2.3 9.4 548 11,20 1% 98270
3. 19,95  13.4% .88 1741 18,97 18,8 = 4.23
be 30.5/%  29.%%  38.6¢ 36,80 30,50 33.8 = 4,08
5 738  1Af 008  6.%% 248 3ok = 2,93
6. 15.87 1.7 Se%0 13,64 99F 11,2 2 4,06
: 21,2 31.3% 29,60  A.8L 1948 25,2 = 5,15
8. 8.6¢ SA% 0,08 1.9 6AT bk = 345
9 W9t NME 000 6.7 3 k% Te2 = 5,93
10, 18.8% 20.68 27,7 1.3 .50 20,62 6,22
1", - kit 21.6% 7.4 - 12,7 £ 7.23

1. Apmroximately 250 cells ware counted in each fisld ard the
percentage of basophils present caloulated (ses Pig, 11 for
exact location of fields).
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found in the postero-ventral region of zone 2 (Fig, 11a), It is also
evident that the standard deviation from the mean is amaller tisre
than in the more dorsel regions, Sinoe the lebowr involved precludes
the counting of all the cells of the meso-adenohypophysis, it was
thought that a single oount in the postero~wventral region, where the
mumber of basophils is less variable, would give a reliable estimate
of any ovelical change. ‘'The figures glven in Table 20 (p. 156) aleo
show that there is little wariation in t)e percentage of zone 2 basophils
on either side of the median plane. /coardingly, a single field was
counted in the sagittal section and in one section 150 p on either
slde of it, The results obtained from atotal of 85 piltuitaries
collscted at monthly intervals, from ¥ay, 1958 to Juw, 1959 inolusive,
are given in Table 21 (p.158 ), It 4s clear that a considerabls variation
obtains in the mmber of gone 2 basophils present in the plaice pitultary
gland and that this variation is cyclical in nature, During tie sumner
months the stainability of the basophils ia ocoopletely absent making them
impossible to distinguish from the clromophobes whieh are always intermingled
with them, From July until Mareh the basophils appear as large, intensely
staining cells and the figures given in Table 21 (p. 158) sugpest that
the maxirmum propartion of such ocells is reasched in Jamuary, after which
there is a gradual decrease, The standard deviations obtained, however,
are very high ani there may be no significant difference between one month
and the next. During March and ipril, the staining intensity of the
basophils is reduced and their mumbers are fowsr than in earlier Ronths,
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Table 21.
tion % of mone 2 baso in me
is of sdult 8,

Late of Condition of of glands Mean % ¢+ Stand,
gollsoticn _ _ gonads _scounted ___ basophils - Dev,
May 1958 New gonadsl J -

development Jjust

beginning
June " 6 -
July Vitellogonesis 6 22 = 10,58

in females
August Spermatogenesis 8 20 = 7.48

Vitellogenesis
Sepbember " R L7 2 22,09
Detober " 8 53 i ‘to?a
lovember " 8 29 = 5,02
Jamary 1959 " 6 W< 6,79
February " 8 30+ 6,30
Merch " 6 262 430
sprdl Ripe 6 82 11,09

Spent b 9e2%  $.65
May Spent, new 1 (2) 2

gonadal dewvelorment

in some animmls
June " 8 -

1. In most cases, equal mambers of glands from males and females
ware used,

2, 5ix glands were examined, but basophils were present only in
ons which was not campletely spent,
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A similar pattern of events wua obtained when the PAS amd
AF reactions were employed:~- PAS and AP positiwe cells were absent
during May and Juns, intenaive from then until areh and ipeil, at which
time the staining reaction of the cells wme reduced,

To ensure timt there was no differential variadility within
the region, cell counts wure made from time to time in other parts
of the region, The pattern obtained sgrees w»ith that described
above,
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Co Discussion,

The presence of 3 cell types in the vertsitwrate meso~
adenolyypophysis is well-established and the mresent atudy indicates that
the plaioce is no exveption to the rule, The clromophobes, with a
non-gramilar oytoplasm are generally leld to be reserve cells without
soocre tary funotion.

The basophils hawe a gramilar oytoplasm and the glycoprotein
nature of their inclusions has been conciusively demonstrated, at least
in mwenals, by the application of the PAS method, (Halmi (1950,1952),
Purves and Criesbach, {(1951), These authors have also shown that the
3 glycomrotein-bound hormones (FSH, 1! and TSH) of the mammalian
pituitary must be associated with the hasophilic cells., It does not
follow, howover, that PAS-positive material is confined to these cells.
Purves and Griesbach (1957) obtained a positive PAS reactiom in the
"epsilon" cells of the dog which are normally regarded as acidophils
(Table 3). Similar findings have besn obtuined from amphibian material,
Ortman (1956) studying tie anterior lobe of Rans piplens, fourd FiSepositive
material dispersed through the cytopiasm of the azocarmine acidophils as well
as in the hasophils, and certain orange C acidophils contained PAS=positive
material in vacuoles,

Two distinct basophilic oell types hawe been differentiated
by suitable staining procedures in the rat (falmi, and Purves and
(rissbach loo., cit.), Those basophils which sre selectively stained
by the AF method are held by these nuthars to be tlyrotrophs, while the

gonadotrophs are A megatiwe., The gonadoirophs have been further
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divided into two groups, one aszociated with the production of FSH
and the other with IH, by a coubination of experisental procedures
and differential staining (Purves and (riesbach,1954). The use of
the AF reaction as a seleoctive stain far thyrotrophs does not sppear
to be justified in view of the conflicting results obtained by
Goldberg and Chaikoff (1352) and Purves anmd Griesbach (1957), both
warking on the dog, The former authors found that only the "deta"
bascphils ware AF positiwe, while the latter obtaimed AF positive
results in all 3 basophil cell types (Table 3).

The basophils of the plaice meso=adenohypophysis cen be
divided into 2 marphologically distinet zones., The antero-dorsal
zone 1 celis were described as "a central mass of apparently degensrating
basophils” in a trief description of the plalce pituitary given by
Ferr (19%2)s No evidence is given in support of this hypothesie and the
fish examined by Kerr were collected in April, The findings of the
mesent study indicate that this zone has a constant location in the
pltuitary aml that its cells can be ldentified during tie whole year,
although there is some wariation in the amount of besophilia present,
The miclei of these hasophils appear normal at all times of the year
and similar in structure to those of adjucent regions but ths region as
a whole does appear somewhat mecrotic, It is unusual to fini such a
distinot group of cells at the same time so constant in position and yet
undergoing degeneration, but such a possibility cannot be excluded on
the evidenoe rensented abowe,

Sevaral authars, using the PAS tecinmique, have found that
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glyocoprotein containing cells are present in the meso-adenolypophysis
of teleosts ani that they are identical with the basophils,
lixperimental rrocedures or differential staining ar a combination
of both have enabled a mmber of workers to identify two basophiliec
cell types, one gonadotrophic aml the other thyrotrophie in function,
in the teleost pituitary. (Ats (1953), sokol (1953,1955) amd
Barrington and Matty (1955) ). DBoth basophll zones of the plaice
pituitary are PAS positive, but attempts to differentiate between
then using the AP reaction hawe been unsuccessful: both zones ave
AP positive, in agreement with tis results obtained by Ats anmd Sokold
(1oe, cit,).

The funotion of the zone 1 basophils and the significances of the
changes found in them is not clear, The propartion of these cells
appears fairly constant for most of the year, although the acouracy
of the oell counts must remain suspeot owing to the difficulties
amsociated with establishing the boundaries of tie cells, The
degramilation andi loss of glycomotein found in them in May end June
of 1958 wae not found in the same months of tie following year anmd it
is diffioult to find any explanation for it, If the zone 1 cells
should prove to b degsnerating, then the presence of PAS positive material
in them cammot be taken as evidence of hormone function since FiS reactions
are known to ooour in necrotic tissue (edd and Yerr, personsl communication),

The qyeliocal wariation found in the zone 2 basophils of the
plaice pitultary suggests that these cells may be associated with the
production of gonadotrophin. In support of this hypothesis it can be
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seen that the degramilation of tiese cells and their loss of glycoprotein
material is found in glends from post-sprnwning fish when tihere is little
ar no activity in the gonads. The period at which glycoprotein material
again appears in the basophils coincides with the onset of vitellogenesis
and spermatogonial multiplication and the maxisum rumbers of basophils

is reached at the time when the activity of the gonads is at its
highest, The onset of spawning in March and ipril 1s associated with
the reduction in mumbers of sone 2 basophils and a loss in their staining
intsnsity, although it should be noted that their degramulation is not

complete for some time af'ter spawning.
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IX. Bioassuy of Plaice Pltuitary Material,.

As The speraiation response of Xenopus lagvis,
The assay msthod and the pre-treatment of the pituitary glands

is described in the section on methods (pp.25-27 )« The degree of purity
of the test substance is extremely ivpartant in any bioassey and this

is partiocularly true of the aasay of pituitary gonadotrophin, where the
fresence of soveral other hamones as ‘contaminants' may interfere with
its officiency, The method of extraction used in the pressnt study

is relatively simple anl can be used to deal with small amounts of
material.

1. Effectivensas of the extraction technique.

In arder to test the efficisnay of the technique, sprroxivatsly
el numbers of male and female plaice plands coliscted fin Jotober were
powdered in an agate mortar, Some of the material was extracted in
aoetic acid and scetone and some was macerated in saline in a tissue
grinder, Both preparations were assayed on nale touds, The resuits
of the experiment are detailed in Table 22 (p. 165), ©ince the amount of
extructed material required to produce s particular response is less
than that of salire suspsnsion, it can be concluded that the extraction
technique is more efficisnt than saline in extracting gonadetrophic
material, In addition, it has the advantaps over the suspension that
the material is injected as a solution and has also less contamination
with other pituitary hormonss (The extracted material has a reduced
axytocic activity as measured by the isolated rat uterus method),

To ensure that the Buyy of the gonadotropiin wes extreacted, the
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insoluble residue left af'ter stage 2 (sec page27 ) was tested on a
rumbar of occasionas, In such tests, the insoluble material was
collieoted and dried. A saline suspension was then made with a
concentration equivalent to 30 glanda, lost of the tests were megative
although in 1 test, o toad out of a group of 7 spermiated, Since the
dome level was twice that used in the assay of the soluble fractions, it
was ooncluded that the esotivity of the insoluble residue was negligible.
(Table 22),
2, Yarigtion in gonedotrophic potenoy t'xroughout the year.

Collections of plalce pltuitary plands were made at

apjroximataly monthly intervals and the reproductive condition of tim
animals noted, Eash monthly collection was amsayed sepurately and in
each assay, the murnbers of glanis from euch sex were kept approximately
equal, Sinoe the mmsbers of glanis were linited it was not always
possible to use the same dose levels ard, in a few assays, the lack of
material precluded the use of the extraction tecrnique., The results of
these assays are given in Table 23 (pp. 167-168), Since material from fish
in different stages in their remroductive cycle was assayed separately, it
is poasible to compare the response to a standard dose of each monthly
colleotion, The result is illustrated in Fig, 12 which giws the

response to a standard dose (10 glanis) of acetic acid-ascetons extracted
material. All the above assays were dons at the Pregnanay Diagnosis
labaratary, Edinburgh and the test animals used are employed in the routine
assay of pituitary and charienic gonadetrophins, During the course of a

long series of experiments, no anlmal was observed to spermiate
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spontansously (liobsonjunpublished). It can therefore be safely assumed
that the responses chtained in the present atudy were not due %o
spontansous spermiation, Sinoce t'ese assays were perfarnmed over a pericd
of several months, the possibility of a sessonal variation in the
response of the toads must be considered, That no such veriation

did oecwr is shown in the response of the toads to standard doses of

CuGe Over the sams period (Fig. 13 and Table 2L, p.170). In those plaioce
assays in widch the 2 dose lewels were used, a dose-response curve was
constructed and trese are giwen in Pig, 1, together with tis dose~response
ourve far internaticrol pweparation AIP (ox) far comparison.

3. Assay of glands from imature fish,
In addition to the assays on mature plaice, several assays

were dome using glamis from immtwure fish, From Pig, 1, the minimum
effective dose which will induce ovulation in 50/ of a group of toads
(MED 50) is about 7.5 mature plaice glands., No response was obtained
when similar e highesr dose lewvels of 'imnature glanda' wers used, sxcept
in one assay where a dose level of 25 glands per toad was used (Table 25,
Pe 171). Most of the glands used in this sssay were collected during tie
sutwn and it is posaible that some of the fish, although mscroscopically
immature were maturing foar the first time and consequently had begun
to secrete hormone,
he_sseay of divided glands,

The teahnicque of separating tie glands is described in

Methods (ps25 ). Clands ocolleoted in October and Decesler, 155 ware

@ivided into anteriar and posterior portions, Gullne suspensions were
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TABLE 2L.

Response of male Xenopus to Leboratory Standard C.C.

= TDate 1960 Dose Response ~ % Response “Problt
Analysis

J anuary 05 mg 11/20 55 Set 2,

1.0 g 24/ 30 80 SeBke

February Ue5 mg 11/20 55 5012,

1.0 ag 18/20 90 6.28,

Hay 0.5 ng 6/10 60 5425,

1.0 mg 8/10 80 5e8le

June 05 mg 24/40 60 5256

1.0 ng 18/20 90 6.28,

July 0.5 ng 6/10 60 5¢25.

1.0 ng 9/10 90 628,

August 05 ug 11/20 55 Se12.

1.0 ng 19/20 95 6e6ds

Mean of all
observations 0e5 mg 639/120 57«5 S5a18.

1.0 ng "y"o 88.4 64194
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made and the portions assayed seperately. The resulta are expressed

in Table 26 (p. 173)e A positiwe reaponse was obtained frem both regions of

the glands sugresting that a separation of the glands inte morphologically
and plysiologically distinot portions is not possible,

The use of intact test mnimals is always open to criticism
on the ground that the part played by secretion of hoxmone from the
onimal's owm pitultary camot be estinated, Flauloe pltultary extracts
were therefore asssyed on hypophysectomised animals, Sinoce the toads
employed in this experiment had not besn used for some time, it was thought
advisable % test their response to gonadotrophin, Accordingly, 30 toads
were injected with 30 unita of C.G, and examined for sperm 24 hours later,
Twenty-five toads were found to be positive and tleme were again negative
10 days later, Fifteen of this group of 25 toads were selescted at random,
hypophysectomised, (see p.'9 ) and placed in a separate tank, The
other 10 toads wre lef't intact as controls, Tlaloce pitultery material
and international preparation AIP (ox) (for comparison) were assayed on
inteot and hypophysectomised animals, Both substances were made up
as saline suspensions and left for 2, hours at 5°C, The injections
were made on the day following hypophysectomy and the animals were
exanined far sperm 2, howrs later. The results, expressed in Table 27,
. 174) indicate that plaice pituitary material will induce spermiation in
hypophysectomised toads although there is some reduction in the response.

6. The response of female Yenopus laevis to plaice pitultery msterial,
In view of the results obtained by Otsuka (1956a) (Table 4)
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the respense of femnle toads to plaice pituitary glands was investigated.
Dose lewls which resulted in spermiation in the male toad failed
to produce ovipoaition in the femals, lio response was obtained even
when the dose level was increased to 30 glands from mature plaice
oollscted in Jammry,
7 re e to pitui from othar teleosts.

Vost wreparations of plaice pituitary glands induced
spermiation in male Xenopus lasvis in contrast to the negative results
obtained by the majority of other warkers and it was decided to investigate
the response of the male toad to glands {rom other species of fish,
The results, expressed in Tables 26 and 29 (pp. 176=177) indicate that all
the species investigated are capable of inducing spermigtion in wale
Xenopua lesvis, More deteiled information was not obtained owing to

lack of mmterial, but the results show that tie dose lewvels required
« 1 % 5 g - are of the same arder in all the speciss. This weight
represents ssvaral glands in all species except the cod wheze a single
gland woighs as much as 25 mg, It is interesting to note that a larpe
amount ( 150 mg) of cod pituitary material failsd to elicit oviposition
in a single femals toad. This toad had ovulated to sn injection of

CaGe 10 days previocusly and was fherafore considered to be ocapable of
responding to gonadotrophin,

The generous gift of cod pistuitary material from
Mrs. Petor liocodhead, Pishery labaratory, lowestoft is gratefully
acknowledged,
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B, Immature mouse uterus sssay.

Inorease of uterins weight in imrvature mice has been used
for the bicassay of pituitary gonadotrophins by a munber of workers,
(Lovin and Tyndale,1957, Cleringbold amd lLamond,1957, Lamond and Emmens,
1959). Details of the asssy method and the pre-troatment of the
pituitary material in the present study are given in Methods (ppgTs- de

It is clear fraom the summary of the literature given in Table 5
that most mammalian test animals are insensitive to the adminiswration
of teleost pituitary material. In view of the success obtained in the
present study, using tie male toad assay, it was decided to investigate
the response of a mammlian test species to plaice pituitary glands.

Host workers using t's mouse uterus assay have divided the total
dose into 3 equal quantities injected 2, hours apart, but some workers
have administered the total dose in a single injection, Claringbeld
and lamond (1957), using the latter tecinique, found that the sensitivity
of the assay was reduced, but the slope of the dose~response curve was
stesper when the animalswere killed 2, hours after 1 injection, than when
the same total dose was given in 3 equal injections 2 hours apart amd
the animals killed 2, hours later. Sensitivity and steecpnesa of the
slope are impartant when the materials unier test are scarce sinos a
steep dose-response alope means that smaller quantities of material
can be employed. Accordingly the response of the Schofield mice used
in the present study was mpasured when standard amounts of international
preparation AIP (ox) were given (a) in a single injection and (b) 4n 3

injeotions each containing ome third of the total dose. The results,
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glven in Table 30 (p. 180), indicate tiat the slope of the dose-response
ourve is steepar when the mmtarial is given in 3 equal injections and thias
technique was used in all subsequent assays,

Owing to scarcity of material and in view of the large mumbers
of glands required, only a few assays were performed using plaice pituitary
meterial. In the first assay, the response to a saline suspension of
glands was compared to that of an acetie acid-acetons extract (Table 31,
p. 181), The responses of the two technigues were not significantly
different from one another wid only the response to the ssline suspension
was significantly abowe that of the salirs-injected contral group,
Aoccordingly only saline suspensions were used in subsequent assays
although the uteri of both the treated groups in the sbowe asmsay were
hyperasmic, suggesting that some atimlation had ocowrred, In another
assay the response to pe-spawning plaice glands was compared with that
aof international preparation AIP (ox). (Teble 32, p.182)., The respomse
to both substances wms significantly abowe that of a control group whish
was injected with saline soclution,

Although the intact immture mouse is thought to hawe little
o no circulating gonadotrophin, it has been sugsested that the
administration of gonadotrophin may stimilate endogenous gonadotrophin
production (esee Lamond and Zmmens,1959), If such is the case, the
use of intact mice is suspesct in the assay of any gonadotrophie
preparation andi it was decided to investigate the response of
hypophysectomised mios %o plaice pituitary mmterial, Ilamond and
3omens(1959) found that sheep anterior pituitary preperations showed
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little or no increase in E.D. (the effective dose required to yreduce
100! increase in uterus weight) at hypophysectomy but the £.D, was
inoreased by a factor of from 10 to 20 when the injection was delayed
until 2, hours af'ter pituitary removal., The significance of such an
increase is obvious when one is dealing with limited quantities of
material as in the wesent study and a pilot assay was dcne using
international preperation AIP (ex). The results of this assay,
expressed in Table 33 (p., 18,), indicate that both hypophysectomised and
intact mice will respomd to this substance wien injected immediately after
hypophysectomy, but that tie responss is reduced in those mise in which
the pituitary has been remowved, The Iy pophysectomised mice were exumined
for pituitary remnants at the eni of the assay axd only those mice in
which the pituitary gland had been completely removed were included in
the results,

Hypophysectomised and intact mice were used to assay pre-
spevming plaice glands and the results of this assay, in which
international preperation ALP (ox) was used for comparison, are given
in Table 3 (p.185). The respoase of the hypophysectomised mice to two
dose levels of plaioce pituitary is not significantly abowe that of the
control group, while a significant incresse wae obtained in intect mice.
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C. Discussion,
1. Bioa of itul material.
The 1literature on gonadotrophin(s) in fish pituitaries
shows how sparse the information is. The uvailable data are of'ten
poarly documented and details of dose lewels and rumbers of test
animals used are of ten lacking., From a consideration of the data
memarised in Table 4, i1t will be seen that few positive responses
have been rroduced in male inura to which fish pltuitary material has
been administered. Only 15 of the 53 individuals of Rana and Bufo
species injected spermiated and in 12 of these, the response was
induced by sturgeon pituitaries. The response of the 3 otler ocould
not be repeated at higher dose levels and therefore must remain suspect.
#ith regard to the use of female imura in the biocassay of fish
pituitary glands, the situation is similar, FPositive responses hawe
been obtained in only 11 out of at least 16 individuals ard all of these
were induced by sturgeon pituitaries (Table 4).

2, The faotar responsible for the spermiation response in mele inurs,
The observation by Galli=Mainini (19%7), that C,G, will elicit

the release of sperm when injeoted into male amuans has been used in
human pregnancy diagnosis. Male anurans have also been reported to
react positively to mammalian pituitary gonadotrophins, but there is
considerabls discussion as to whether tie response is dus to ",.5.H, or
L.H. (Houssay,1%9). Crese (19%49) reparted that L.H. cuused the
discharge of sperm in Rana esculenta arnd both F,8.H, and L.H. gave
positive reactions in the Indian toad Bufo melanostictus (Bhaduri,1951),
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Robbins (1951) and Robbins and Parker (1952) found that P,8,H. caused
the discharge of sperm in Rana pipiens, but Thorburg and liansen (1951)
found that Bufo bufo did not responi to P,85.H. at a comcentration
equivalent to 8 Moune Units,

Ats and Plolfard (195L) studied the response of male
Rana pipiens to mammalian charionic and pituitary gonadotrophins.
They found that 0,04 mg (10 int, units) of intuitrin 3 (Parks Davis)
was the minimun dose of C.G., which would elicit aperm release.
Luteinising hormone(L.H., amour) was active at the same dose lewel.
A "weak response” wus obtained from P,S5., (Armour) at a much higher
concentration, They suggested that the response induced by the latter
reparation was due to contamination of the material with L.H. since
its activity was roughly proportional (100:1) to the emount of L.H.
mesent, On the basis of theses and other results, Atz amd Plckford
suggested that the spermiation response of mals amurans and Rane pipiens
in partiocular was elicited apecifically by L.H. amd that the responses
obtained from preparations of F,.8.H. and prolaction by other warkers
was due to contamination of tieir material with L.H,

flobson (1952a and personal commnication) has found that the
dose lsvels of purified F.S.H. amd L.H. required to produce the same
response in Benopus lasvis ere the same, These animals are extremely
sensitive to purified pituitary gonadotrophins,

It would appear that the situation with regard to ¥, 3.lH. and L,H,
requires further clarification amd the significance of the work deseribed

above ia difficult to assess as the part pleyed by endogencus hormons wes
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not considered. It is possible that the factor responsible far the
release of sperm varies with the amuran species used and that soms
species will respord either to ons or the other, while others will
respond to both, A great deal of comparsative work is necessary using
purified preparations on hypophyseotomised teat animals before any
def'inite conclusions cam be drawn,

3. The biocassav of plaice pituitarv meterial,

It will be seen from Table 23 that plaice pitultary glands
contain a hormone (ar hormones) which ere ocapable of relsasing sperm
when injected into male Xenopus laevis. The percentage response to a
standard dose (10 glanis) of plaice matsrial collected at different times
of the year and extracted with scetin scid and acetone is graphed in
Pigurel.and it would appear that the gonadotrophio content of the
pituitary is higheat between late sutumn and esrly spring, while the
asount present dwring the late spring ard sumver is low., The only
exception is the figure for July,1958 where t's response to 12 glands was
100/« A 100¥ response was obtained in one test in whioch material from
Jamiary,1960 was injected as a suspension, The penersl shape of the
graph atrongly rczembles that of the variations in gonad weight throughout
the year, The higher responses obtained for winter material oorrespond
to the period of maximun gonad growth while the low spring and suamer
responses omrrespond to the post-spawning period when the gonad weight
ia least, On this basis it might be suiyested that the pitultary activity
is grentest during spermatogenssis and ovum development and deoreases whan

the reproduction mroducts are farmed and shed, The high response to
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material colleated in July is difficuit to explain, but it is significant
that this corresponds to the period when growth is initisted in the
gonads and there may be a sudden build-up in the hornone in the
pituitary at this time,

Variations in pitultary hormone lavela can be interpreted
in two radically different ways. One is that the pituitary content
is low dwring periods of gonadal activity, the hormone being liberated
into the circulation as quickly as it is secreted, and high during
quiscent periods when it is stored in the gland, The second alternatiwe
is that a high hormone titre is indicative of increased sotivity and
vice versa. The results cbtained using plaice muterial could indicate
that the latter is mare carreot but the true interpretation will only
be obtained wien it is posaible to asaay tie gonadotrophic levels in
blood samples taken throughout the ysar and when these results are
compared with assays from pitultary material collected at the same time,

The results discussed above are based on data from the sssay
of nearly 2,000 pitultary glands, Muoh more information is necessary,
but the large mumbers of glanda required and the difficulties associated
with their ocollectiva muke the work extiemely labarious,

The dose-response curves in Figure 1, are based on assays
in which positive responses were obtuined at two dose levels, By
extrapolation it is possible to obtain an estimate of the M,E.D, 50
(Minimum #ffoctive Dose required to obtain a response in 500 of the
animals) for plaice material at different times of the year. It will be
seen that the M.E.D. 50 varies batween about 3 mg (6 glamds) and 7.5 ng

(45 glands). The ¥.E.D. 50 for international preparation AP (ox),
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assayed for comparison is 1.1 mg and t's slope of the curve is similar
to those of plaioce pituitary material, It is not justifiable at the
moment to assume that the gonadotrophin(s) of the plaioce pituitery
gland are chemically similar to those of the AIP (ox) but the
similarity of the dose-responme curves is suggestive, The
gonedotrophic potency of the plaice pituitary material cannot therefore
be stated in terms of ALP (ox) units and the most that can be said ia
than an equivalent response is obtained from 1.1 mg AIP (ox) and 3 mg
pre-gpavning plaice glands when both preparations are assayed on

male Xenopus lasvis.

4o The nature of plaice gonadotrophins.
As stated earlier, it is not lmown wimther the spermiation

of male Arura is due to F.S.H, or L.H. ians temporia anmd Rana
esculenta both have been held to dbe specifioc for L.H. If this is s0
then it would appsar that sturgeon pituitsary materiel contains L.H,
(sse Table 4). Spermiation in male Xenopus leevis sppesrs te be

elioited equally by either L.H. ar P.5,H. but ovulation in female

Xenopus laevis seems to be induced only by L.H. (liobson, personal

comaxicatiom), No response has been obtained when plaice pitultary
material wae injected into female Xenopue lasvis. Only 2 tests hawe

been done, each on a single animnl, and the doses given were apmroximately
equivalent to 30 plaice glands per animal, Recent work (Barr, unpublished)
irdicatss that mmle Xenopus lesvis is at least 5 times as sensitive to

Yenopus pituitary glands as is the female and it is possible that the

ancunt of pilalce material injected was not sufficient to induce ovulation,
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The results obtained using ocod glamnis, where an ten to twenty-fold increase
in dose failed to produce ovulation, sugmest that this is not the case.
The alternative is that the plaice gland contains mainly an P.S.H.=-like
hormone and oconsequently could not be expected to give a positive response
in the female toad., The difficulties concerned with continuing this
problem become obvious when one considers that sbout 500 glands would be
needed to o a single assay using 2 dose levels,.
5. The site of production of plaice gonadotrophin,

There is no physiclogical evidence far the site of production
of gonadotrophin in the meso-adenohypophysis. Such evidence as exists
is cytological, based on the histochemical demonstration of mucopolysaccharide
in the meso-adenohypophysis of teleost, Tie plaice pituitary gland is
divided into anterior and posterior partions by a narrow groove round the
gland at the level of the infundibular stalk, A number of pituitary
glands wore divided along the groove ani the 2 partions assayed separately
(see Table 26). Sinoe neural tissue ws absent, ar at the most present in
very small quantities in the anterior partion, the sourcs of gonadotrophin
cannot lie in the neurohypophysis or the meta-adenohypophysis. This
suggesta that the site of gonadotrophin lies largely in the meso~
adenohypophysis as would be expected from the histochemical studies
discussed earlier (p.162), but it dees not preclude the possibility of
gonadotrophin secretion by the pro-sdenohypophysis,
6. Gonadotrophin content of the imuature pituitery,

The results of a number of assays of pituitary glands from

immature fish are presented in Table 25, Pituitary glands collected
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in Jamary,1959 from mature plaios gawe a reaponse at a dose level of
10 glandis per toad, but similar dose levels of glanis collscted in the
same period from immature fish failed to evoke n response. A positiwe
response was obtained in one of 3 animels injected with a dose
equivalent to 25 glands, The muterial was collected st various times
of the year and may have been contaminated with glands from animals
which were spent or maturing for the first time: these animala are very
diffioult to distinguish from mature fish dwing the summer and early
autum before the gonad growth begins, The results indicate the
gonadotrophins are either absent in the immature plaice pituitary or are
present in quantities insufficient to induce epermiation in aale
Xenopus lasvis,
7+ Assay of plaice pituitary material using imwmturs female mice.

Several assays of plaice p!tuitary material were carried out
using the increase in utarine weight of 19 day 0ld immature micc as an
end point, A total of 1,000 glands was used and almost 250 of these
ware used in the assays deteliled in Tables 31, 32 and 23, Dose lewels of
5 and 10 glands per animal were used in several other assays (not detailed),
in none of which was the uterine weight significantly above that of the
controls. [From the results expressed in Table 32, it is elesr that
plaice pitultary glands are capable of stimulating the immatwre mouse
uterus. A dose level of 2, glands resulted in a 50 increase in the
welght of e tari which were distinotly hyperaemic, In arder to
dotermine whether the response was a direct one ar whether the co-operation

of endogenous F.3.H, mas necessary for sterocid production (hence uterins
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growth), plaice glends were assayed on hypophysectomised mice, IlLamomd
and Tmmens (1959) found that the response of hypophysectomised mice to
placental gonadotrophins was considerably reduced and that to pituitary
gonadotrophin reduced to some extent when the injections were delayed
until 25 hours after pituitary remowal. They sugiest that the limiting
foctor in the response of intact mice to human C,G, is endogenous F,.S.H,
and that to P.M.S. is endogenous L.H, The reduced activity of pituitary
gonadotrophin ia not dus to absence of andogenous gonadotrophin but to
deareased sensivity of the test animal or t "a factor ar factors mot yet
recognised".

It will be seen from Table 33, that the response of
hypophysectomised mice to mammelisn pituitary gonadotrophin is reduced
but by no means abolished, in wwcordance with the results of Lamond
and ens. FPlaloe pitulitary material elicited no response in
hypophysectomised mice at dose levels sguivalent to 12 and 2, glande
per mouse, The response of intact mice to 12 glanis wes significantly
above that of the oontrols and the uteri were hyperasemic, (Table 3,).

The response of intasct mice to plalce gonadotrophin, although
significant, is slight wien compared with that of marmalian pitultary
naterial, This suggests that the dose levels have not been sufficiently
high and are of a tlweshold nature., Similar results have been obtained
from salmon and tunmy pituitary by Otsuka (1956b and e¢), The dose
levels used by Otsuka mwoduced a considerable increase in ths owary
weight of immuture mice although only slight increases were noted in
uterine weight (Table 5). This is contrary to the results obtained
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in the present study and ia in direct contrast %o the resulta of most
other workers whare the maximm utsrine response is resched bsfore
there is ary inorease in overy weight, It is clear frem the abowe
discussion that a great deal of comparative work is required before
ay definite conclusions can be reached,

S. Spesies speoificity of gonedotrophine,

The carly evidemse far species specificity of plecine
gomadotrophing came from the observation by a mmber of workers that
various species of females arurans did not respond to fish pitultary
material (reviow by Creaser and Gorbmsn,1939). ZExperioents of a
reodigroenl nature, in which pituitary preparstions from other vartetvwte
clangos ware administered to various specics of fish, wure slso megative
(Tuchman, 1936, von Ihering end de isevedo,1937, de Asevedo amd Canale,1938,
Matthews,1939). Although there were reports of positive results from
the treatment of fishes with amphibian and msmmalian gomsdotrophia
(Cratg-Bermett, 1931, Wills et al,1933, Noble and Rumpf,1936), it was
gerwrally leld tha® comsiderable differences existed betwson the
gonodotropldns of fishes vl thoso of smphibia and memmals snd that
thess differences affected the bislogical wsotivity of the horwones
when there was a considorabls taxornomic differemce between reciplient
ard donor speciss,

The large velume of subsequent work, much of it contradiotory
and poorly documsmted, in whieh the effect of injectiom of pituitary
material from fish snd omphibia inte fish has bosn studied, has besa
reviewsd by Plokford and Ats (1957). These suthors, considering all
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the available data state that "experiments involving administration
of orphiblen pituitsries into teleost fishes ware mare successful
(in producing gonsd stimulation) than those involving pituitary
glands from different orders and families of fishes ard apparently
as sucoesaful as when donor ard recipient bolonged to the same species
of fish", They conolude that no shsolute bdlologlecal speeificity of
vertohrate gonadotrophin has been demonstrated,

#ills, Riley and Stubbs (1933) amd Stroganov amd ilpatov
(1951), using amuran recipients, and ¥itschi (1955), using rats,
obtained positive responses from piscine gonadotroplin (mee Table &
amd 5), It is interesting to note that the donor species belong
to two groups of primitive fishes (lolostei and Chondrostei) which
are belleved to bs phylogenetically closer to the Amphibla than any
of the "higher” telecsts tested. Tiwse fucts hawe been used as
evidenoe in suppart of the lypothesis of species specificity, The
evidence presented in the present study, in which the donar species
belong to the Teleostei, a group which bears only a remote evelutiomary
relationship to the /imphibia, considerably reduce the importance of the
above findings as evidence far such a specificity.

It is clear that a great deal of further information is
needed before it is possible to drew any definite conclusions as to
the exiztence of taxonomio mpecificity of gommdotrophins, There is
evidence that the amount of hormone precent in tie teleost pituitary
gland varies tiroughout the yesr (Bexr,1960 in press, Gerbilakil,1940)

and this may account for many of the nmegative recults. iMore attention
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should be paid to the remroductive state of both donmor and recipient
species, to the way in which the materisl is adainistered ani to the
moper lusbandry and care of test animals,

In spite of the above oriticisms, it is felt that some degree
of speoificity does exist simoe most critical studies have shown that
any test species is mure mensitive to gonadotrophin obtained from other
individuals of the same species than to that from species belonging to
other classes. Thst differences do exist in the chemical compositien
of gonadotrophins of warious vertelrate groupm is highly probable. This
is to be expected on the basis of the existing lawwiedge of the immune
properties and biochemistry of proteins in general and of the snterior
pitultary hormones of mammals in particular (Evens smd Simpson (1950),
Haye wnd Steelmen (19%5) ). It seemm resconsble, therefore, thet such
differences should be of some importunce in compurative blosssays.
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X. Geparal Piscussion spd Conolusions.

The events assoocisted with ocogenesis ard spermatogenesis
in the plajoce are fundamentally tie same as in other verteteate
groups. In comon with many other telecats, this species jas a
single sexunl qyole in whioch ovulation and spermiation ocoowr only
onoe per year. I!nlile the anoestrous parioed of mammals, the long
intervul betwesn successive l;mimhowupindw;phnnof
active growth in which the sex roducts gradually mature. By
comparison with mamzals, the mumbers of gametes liberated at each
spavning period are extremely large, portioularly in the femule where
soveral tens of thousands of eggs are shed. /» o comsequence cf this,
and in direct contrast to the memrelian position, the mumber of primordial
gernm cells present in the plaioes gonad at puberty is not sufficlent to
supply all the gamntes mroduced during the reproductivwe l1ife of the
individual, This deficiengy has been met by an anmual mitotio increase
in the mmber of primery germ ocslls and tleir subeejuent melotic division
during ocogenssis and spermatopenssis, Although tie sequenco of events
vhich comgrrise tie plaice semml cyols is tie same in both cases, tiere
is some difference in the length of time whic) eash phase ocouples, The
spent gonad is reconstituted by the mitotic division of ressrve cells and
thds phase 1s followed by the meliotio division of the newly produced
genarations of spermatogonia and rimery oocytes. This phase, which
begina shortly after spamning in the female, 1is not initiated in the
nule till the autumn, ‘elosis in the mals is completed in the

population in Jumary and ripe spermatoson are present for several
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wesks before spawming begins, In tie female, the rimery cocytes
anter tie first meiotic prophase, but remnin in the diplotens condition
until the following spring. Yelotic division, accompanied by the
roduction of polar bodies has not been observed in the plaioe =nd it
mrebably comars after the ooqrtes have heen expelled frosm te ovary.
During the long diplotens period, vitellogenssis takes place in the
ococytes whioh at this stuge are iwemlopous with tie primary spermatocytes,
The climax of the ssxual gycle oomurs in both sexes in tie spring with tie
liberation of the sex roducts,

The Nuotional significence of the corpus atretioum in the
teleont ovary has been the subjeot of u considerable controversy. The
corpus atretioum, or so-called "pre~ovulation corpus luteum”, is of
widespread ocowrrence in fishes and moat of owr knowledge of ita
farmation and possible funotione comes from tie work of Wretschusider
and de Wit (1947) on Rhodeus wmarus. These suthors found that changes
in the pituitary basophils ami the farmation of corpora atretica
following the immrsion of female flodeus amurus in solutions of
steroid hormones were indicetive of the influence of gonadotrophin
on the formation of these structwres since they were not woduced in a
single hypophysectomised animal which received the same treatment,
Axrther evidence for the secretory nature of the corpus astretiom
mas indioated by the cerelations whioch were found betweer the mmber
of such structures present at varicus stages of development, the munber
of basophils in the pitultary and the length of the female bitterling's
ovipositor,., HBretechneider and de Wit concluded that the oorpus

atretiom wp the site of mroduction of Oestirogen in the ovary
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and this view is alsc held by loar (1955), The work of the Dutoh
suthors has been severely oriticised (see Tiockford and Ats,1957), but
4% has received some suppart in a recent paper by Ball (1960), This
aathor suggeats that the charnges conssquent on the immsreion of
Zhodeus smerus in steroid solutions were reactions to stress and sapmrees
that the speaial pituitary faotor causing follioular atresia postulated
by lretsolmeider and de Wit is imgrobable sinoe tis most effective way
of induoing atresia is to remove the pltuitary,

Ball also subsmribes to the view that tis corpus stretioum
iz the souwrce of oeatrogen, but he gives no nmew evidence in support
of this hypotheais, busing his conclusions on the re=interpretation
of the existing literature on the subject, DIuring tie earlier stages
of the formation of corpora atretica, tis component cells are cholestearol
mgative in the Sohults test, but they are strongly positive in the later
pases of atresia, From this, Ball infers that the cells of the emrlier
phases are actively utilising cholestorol nmd after the degeneration of
ties coayte, the cholesterol accumilates in amounts sufficisnt to be
detected histocherdoally. lHe then suggests that the activity of the
colls leads to the elabaration of ovarian steroid hormones, The
maximum ramber of corpora atretiosa comurs when, or just defore, the
ovary ie fully developed and this is used as confirmation of Ball's
hypothesis sinoce the roduction of oestrogen would bs expectied to be high
at this time by analogy with the situition in mermmals,

The results obdSuined in the merert tudy haw a direct
hearing on this question., The events assoolated with follicular
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atresia in the normal plaios overy are similar to these described
in other televats. Degensration of tis coayte is sccompanied by
W-t-d“mrdhubyun-dttng:m Yolk
materdal is resorbed and the interior of the egpg is completely filled
by invading gremilosa ocells, tresia occours at two different stages
in the sexunl ayole of the muture female, The matuse cocytes whioh
are retained in the ovary after the naturul ovulation has been
oorpleted wre transformed into corpors atretica und persist for
ssveral monthe as messes of tissus much larger than the swrrounding
ocoqytes of the post-spawning ovary. These atretic {ollicles are mot
of frequent ococowrrence and are not universally presemt, Atresia of
small developing coaytes has not been obeerved during s summer and is
naxt seen in a few developing ocoqytes in 'ovember, From then until
the spewning season ococasiomal atretic follloles in varlious atagese

of develomment are preosent, They lnve not been notioced in all the
ovaries examined and it should be emphasiced that tisre is
suggestion of an inorease in the frequency of their ccourrence as the
reeding season approaches,

Atretio folliclss are mot pxusent in the ovaries of ifmmature
plaice, “iborted eggs” have bean desoribed in the immature plaice
owry by Cumninghem (1897) but these degemerate without being converted
into oorpora atretioa,

The atresisa founi in the ocoaytes of iypophysectomised plaice
clossly resaembles those of normal ovaries in structure and mode of
formution and ia confined $o those cocytes in which vitellogenesis has
begun,
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The evidenoe fruun tie pesent study sugrests thet the ocarpus
atretioun is formed as a conssquance of gonadotrophin withdrawel since
it is fourd in the postspawming ovary when piwitary gonsdotrophin
secretion is low, The amall mumber found in the maturing ovary may
be sccounted for by mechanial failure of the follicle to movide
sufficient nouwrishment for the developing oooyte. The searetary
mture of the corpus atretioum must therefore rem:in in doubt until
physiologioal data demonatrating their role in the production of
cestropgen are farthooming.

The genaral arrangement of the regions of the plaioce nitultery
gland is basically the same as that fowsl in other tslesost spscies,
Most authors are sgreed that the source of gonndotrophin is in ons of the
basophil cell types of the meso-sdenohypophysis. This view is based on
the observation that this cell type increases in musher and sotivity
during the maturation phase of the gonads (Plokford and Ats,1957).

The basophils of the plaiocs pituitary are divided into 2
morphologically distinet mones whish are eitusted in different regicne
of the meso-adenohypophysis, Oyolicsl changes have been found in the
sone 2 ocells, which inorease in number and activity during the sutumn
and winter . During the lweeding season, these cells becoms shrunken
anil their mwbers mre reduced although they sre by no means absent in the
pituitery lmmmdiately after spawmning. The oycliecel sctivity of the
basophils is alightly cut of phase with that of the ponade during the
early swamer, simne matuwration of the gonuds, characterised by the onset
of viteilogenssis in the fewmls axi spermatogonial multiplication in the
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male, is initiated before the basophilin of the mone 2 cells again beoccmes
noticeanble,
tGonadotrophine and tlyrotrophine are known to be glyocoprotesine
ard the PAS reaction has been succesafully used to locate such subotances
in the basophils of the plaice pituitary, Seversl suthors, using
mumsalian and telsost pitultary material have consldered the AF reaction
to differentinte betweon gonadotrophs und thyrotrophs since both are
PAS positive but only the latter are AF positive, TIoth zones of
basopiills in the plaice have been found to e AF positive ani as sewveral
other workers lhiave besn unable to differentiate between the two types in
other teleoat spscies, the selectivemsss of this technique must be suspect.
That the gonadotrophs of the plalce pituitary are PAS positiwe
basophil cells located in the moso~adenolypophysis appears to de
demonstrated by the tinctarial and histoalemicel reactions discussed
above, The plalce pituitary gland can be separated into anterior
and posterior portions along a trursverse groow, The results given
in Table 26 (p. 173) suggest that the anterior portion contains a larger
anount of gonadotrophin when the two portions were assayed separately

sevis, In sagreement with tie findings of Yessnalkil

and Persov (19,8), this can be taken as physiological svidemoe in support
of the above view sinoe tiw anterior portion consists largely of tie

mo- and meso-adenohypophysis, This doss not rule out the poesibility
that gonndotrophin is secreted by bot: of tlese regicns, This
interpretation mast be barne in mind when consldering ths great secretory
activity in the follicles of tiw ro=sdenchypophyeis of the herring at
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spawning time (Puchmann,19,0).

Tha results of the bloassay of plaice pituitary glands in
mole Xenopus luevis indicate that gonedotropihin is present in the
plaice pltuitary and that it is subjeot to fluctuation in aroust
tiroughout the year, This wvmriation ocxresponda closely with the
gyolical veriation of the sone 2 besophils of the pituitary and there
is little doubt that both are clomsely related to the aycle of sctivity
found in the gonads,

In agresmert with the fimdings of other warkers, the present
investigation on the effeat of lypophyasotomy on the gonads has shown
that the plaice sexmunl qyoie, at least at some periods, ir wider the
influenne of gonadotrophin secreted Ly the pituitary. It has been
conslusively demonstrated that the initiation of vitellogenssis in the
developing primary cocyte is induved by gomedotrophin since it is
conmpletely inhibited by hypophysectomy. The mnintenance and further
development of those cogytes in which vitellogensals lLas started is also
under pituitary comtrol sincs such dewvelopment 1s arrested after
hypoplhyeectamy and the ocoqytes are convertad into carpora atretioa,

The results of the present study indicate that the pituitary gland
is ot involwed in the maintenance of tie primary ococoytes sid their
dewelopment up to the stage of yolk deposition,

In view of the difficulfy of determining the examot degree
of mtuwration of the oogytes of the re~apawning ovary, it has not been
conclusively demonstrated that the owvulation and oviposition of ripe
coqytes is under pituitary contzol in the plaice, Iypophysectomy is
foliowed by atresia when performed during the ixeeding ©eason, but it is
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known that the eggs do mot all ripen at once and a partial spuwning
may have esceped umnoticed, Other fuotors, such as the sivarse effects
of handling, may slso have been involved in the atresis whisch remsilted.

The intergrity of the pituitary gland is an essential
requirement in the initlation of speruutojsnasis in the males, since pltultary
ablation before the onset of this prooeas luhibits the roduction of
any stages bayond apermatogonia. It is not clear from the present
study whethier those cells which have entsred spernetogenssis can
contimie the process in the abmence of gonudotrophin sscretion, but
spermiation takes place narmally if hypoplysectomy is delayed until
sperma togenesis is complete.

As with the primary ocooytea of tls female, spermatogonia
are unaffected by hypophysectomy ard can persist indefiuitely in tie
imsture fish and in the post-spaming adult male, There is, however,
sone indication that the mitotio division of spermatogonia is also
inhibited but this may reflect a decreased metabolism consequent on
the withdrawal of other pitultary harmones,

The effect of administration of fish pitultwry glands into
fish has received considerable attention, perhaps because of its
impartant conmeraial aspects, The stimulating effect on gonads of
both sexes by implantation and injootion of rlsh pitultary meterial
is well established, (see review YWy Dodd,1960), The wurk of Robertson
and Rinfret (1957) is particularly impartant since thay have used
purified fractions of pituitary glands, Thase suthors hauw (roduced
full maturation of the testis, including sheddlrg of motile spermatosoa,
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of immature male Splmo grirdrerii after 2 months of treatvent with such
oxtracts adninistered in cholestercl peliets, There are several records
showing that the gomnds are relatively inssnsitive at certain periods
of the breeding ayole (Picdford and .its,1957), but there is little
doubt thet both the dewelopment of the gureotes anl their emission can
be induced,

These findinga are confirmed by the results of the prasent
atully which differ fron these dincussed whove in that the recipient
individunle were hypophysectomised, Viteliogensals has been initiated
in the wimry ooqytes of plaice whioh wetw hypophysectomised mere
than 6 months before the start of the experiment, confirming that
mrimary ooqytes are umaffected by pituitary aublation, The oviposition
of healthy ripe oocytes has also been jroduced by the injection of
plaioce pitultary material into hypophysectaomised plnice., This
sugpests that natin'sl oviposition is unier pituitary control, but auch
an interpretation mst be viewed with caution in view of the nearness
of the reoipienta t¢ the spawning perioed,

The literatire on the offect of ad=inistering mamnellan
pitultary aml placental gonadotrophins is very extensive and has been
revieved recently by Plokford amd Ats (1957) ard Dodd (1960), ‘any
authors have shown that mammlian anterior lobe pituitary (ALP)
mreparations are capabls of accelarating tie maturation of the telecst
gonad and indueing the emission of 'mtuwre gamstes, but cospletely
megntive results have aleo been obtained, It is possible that these
discardant results can he explained by haxrmone spacifioity wd
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seasonal wwesponsiveness of the goruds, though there sre probably
real differences in the ability of different spscies to respond to one
aid the same gonadotrophin, feweral recent wmorkers, however, hawe
obtained considerable mocess and the relative effectiveness of
mosmnlian PEH and L3 has been studied, “lckford (1353 end in Plckford
and Atg,1957) injected FSH amd IH fractions of swine pltuitaries into
hypophysoctouised male Mundulus heteroclitus and found that their testes
lnoreased in weight., The F&ll mpreparation was only one fifth to one
tenth as aotive as the 1} preparation in increasing the "geosomatie
index” and the former preparation contains 3=4 [, which ia probably
suf'Ticient to sccount far the dogree of atimulation produced by the
Pl preparation.

Soveral spociesa of fish have been trected with chorionie
gonadotrophin (CC) and pregnant mare's serum (1MS), Although the
results wre somewhat discordant, thare is no doubt that under good
exparimental eonditions, OO0 1: capable of actiwmting tie gurminal
tissue and inducing spownlng in a wide range of telsosts, (“ickford
and i%8,1957). TFewer dats are availible on the effcots of PHS on
fish gonads and the remults wre again contradictery. Otimulation
of the gonads has besn obtained, tut several species have been found
to be refectory, evan in the Mwreeding season,

The resulta obtained in the mrasent study sugrests that CC
(regnyl, wrganon) is capable of inducing premature m:turation and
ovipoaition in female plaice but that these res;jonses sre not induced
by MG (Cestyl, Qrganon),
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In mich of the work on mamanlien ponsdotrophins and tisir
effects in fish, an attempt has been rmde to interpret experimental
results in the light of the endoorine contral of reproduction in
mammls, This attempt has only been partly successful, btut thsre is
little doubt that fish pgonadotsophin{s) perfora similer functions to
their mammeliisn counterparts. ‘warmlian 12 has been found to induce
spurmiation and owulation in fish, bhut it also uppears to lave an
Fil=1like effect on the permimml tissue, This view is corrobaratsd
hy the results of experiments with O whioh has an Ili=1ike aotion
in mammls, There is littls evidence in the literature for the
existanoe of an Fili=liks gonadotrophin in fish, though the germinal
epithielium is clearly under the influsnce of the pituitary,

Witsohi (1955), on the basis of the waginal cornification
tost in rats and the feather reaction in weaver-finches, sttempted o
compaze the relative amounts of 3! amd 7} in representatives of
different vertetrate olasses. Il concluded that the fish pitultary
is low in FEi, but containe an amount of I} simrilar % that found in
marels amd suggesta that this indicates that the fish piltuitary nolds
a stare of IH whoreas it mroduces P8H only for immodiate use. (itsohi
also suggests that IH may be of greater impartance than FoH in the
lower vertebrates and that in the female, induotion of ovulation iz a
more ancient function than ita role in corpus luteun formation, The
evidence for this hypothesis is based on tie measurement of chemiocally
diverse hormones by assays on mamsals and birds and it 1s difficult
to ansens its aignificanne, The impartance of the pitultary duwring
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follioular growth, howsver, has been concluaively demonatrated by
hypophyseotomy and vitellogensals can be induced by the administration
of fish pltuitary extracts sugpesting that an ™Uielike horroza ia stored,
at lsast to some extant, in the pitultary,

In conclusion, it oan be said that the sexusl gycle in plaice is
unier the control of pituitary ponadotrophin, The suppression ef
vitsllogenssis ani spermatogenssis by hypophyssotomy, and the capacity
of plaice pituitary extracts to induce follicular growth can be taken as
evidonoce of ths presenve of an Fili=lile hormone in the plaice pituitary
gland, Supporting evidenve of a clrcumetinticl nature is provided
by the differential nature of the response of mele and fecwle
Jdonopus Jsevis to injected plaice pitultury extracts, The abillity
of plalce pituitery material end C.C. to profuce ovulation in
hypopliyysectonised subjects indiocates that an [lelike hormone ia
conoerned in the control of the sexual qyole, although the ability
of hypoplyysectomised mnles %0 spermiate does not fit in with this
hypothesis sinoe this funotion is thought to be under the contrel
of 1M in moewvaels, It 12 not possible, therefore, to say whether
nore than one gonadotrophin exiasts in flsh and the final snswer
must wwait the chomical charanoterisation of the harmones,
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XI. HSusmry,

A Getalled study lms been made of the sexual cycle in the
plaice, Fleuronpotas platesss. The spawning season is in spring
aml the liberation of the repoductiwe oducts is followed Yy a
poriod of mitotic eotivity dwring which the mumbera of prismery germ
ocells is increased., Tio melotic division of apermatogonia in the
tostis begins in sutumn and is parslleled by tie initiation of
viteliogeneais in the ovary. ‘lotile sperm are present in the testis
for soveral wesks before the spasming period, but ripe coscytes are
not produced until the spevning season is about to begin,

The qytology of the oarpus atretiocun and the ruptured folliale
or "corpus luteum” is desoribed and their functiomml significence is
disousasd, It is conoluded that the endoorine nature of these structures
has not been demonstrated.

A technique for the removal of the pituitary gland has
been developed and post-operative survivals of more than one year have
been obtained., ‘uch post~operative cure is required and all experimental
fish had to be Torove~fed.

The effeot of hypophyseotomy has been studied on tho gonads
of plaioe at different phases of their ammal sexual oycle. In the
femsle, it is clear that the presence of pitultary gonedotrophin is
essentinl for the initiation of vitelliogenssis and for the maintenance
and contimied development of yolked eggs, Conadotrophin withdramal
results in the conwrsion of all yolked eggs into corpora atretica,
Athough the oviposition of ripe cocytes is inhibited after hypophysectomy,
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it has been conolusiwely demonatrated that this phase of the aycls
is unier the control of gonadotrophdn, Pltuitary ablation has no
sffect on te primary oooytes of the Lwature fish and timse cells
in the post~spewning adult female onn continue tieir development up to tie
stage of yolk deposition at which point, furtier development is arrested.,
The capacity of rimary coqytes to entar vitellogeiwsis is retained
in the abasence of the pitultary simce yolk depoaition can be stimiluted
hy tihe injeotion of extract of plaioe pituitary glands inte hypophiysect=
oxised animals.

In the male, hypophysectomy resuits in e inhitition of
spormutogemnsis, although there is some eviience that this proocesa,
onoe started, ocan continue in the absence of pituitery gonadotrophin,
In contrast to the situation in the femule, spermlation is not pxrevented
by pituitary removal. In both mature and imssture fish, the aspermntogonia
are not influenced by pituitary ablation, but thme is some evidence
that mitotic division of these colls is @revented,

The aytology of the plalce pituitary gland is described and
2 zones of basophils huve been identifisd in the neno-aderviypophysis,
The precence of glyocoprotein material in tisse cells has been esteblished
ly the use of the periodic soid ichiff reaction und the pramales of both
ocell types are sldehpxie fuchsin positive, Conaiderable variation was
fourd in the muvbers of some 2 basophils tlroughout ths year and ovidence
is pwresented that these basophils are responsihble fa tiw secretion of
gonadotrophin,
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A technicque for the bdloassay of plaice gonadotrophin is described
ueing mele Xepopus Jeevis s a test animal, Tho results indlcate that
the amount of gonadotyrophin present in the pituitary fluctustes dumrirng
the year, being least in the postespawndrg period of the fish and
Lrerousing in the autumn amd winter during spermatopenesis ond oogenesis,

Pltuitary glamds from severul othier teleost apeciss have also
been assnyed on the same test animal and the YD 50 (ainimum effective
dose producing a 50/ response) is of tie same arder (5 « 10 mg.) for all
spocies except tie ocod where it is about 2,25 mg,

Plaioce gonadotrophin is capable of stimulating the uterus
of the immature ferule mouse, but the amount of material required @are
larpe and the response is oconsidered to be of a thresinld nature,

In view of this, mammalisn test species are thought to be unsuitable
far the assay of teleost ponadotrophin,

The natura of the gonadotrophina of the plaice pitultary
is disounsed and evidence is premssanted whieh inilioates that the pituitary
oontainas a hormone, the fallicle stimulating properties of whish resembles
those of mamralian folliale stimulating hormone, The svidence for the
mrasencs of a hormone ocomparable to mewsrnlien luteinising harmons is
not caonclusive,

The concept of the species specifiocity of vertslwrate
gonadotrophin is discussed, A compurison of the ED 50 obtained when
plaice and Xenopus laevis pitaitary muterisl is assayed on male
Zenopus lnevis sugpests that such a specificity does exist,
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Explanation of Ilates.

Plate 1 Fig 1, Apparatus used in force~feeding.
Pig 2. Porce-feeding technique.
Plate 2 TFig 1. View of buccal cavity showing positiom of incision
for hypophysectomy.
Plg 2, View of buccal cavity showing trephins hole,
Operoulum removed,
Plate 3 Flg 1, T.S. ovary showing stages in oogenesis. (x850).
Pig 2 T.5. owary showing leptotens stage of meiosis. (x1500),
Plate 4 Pig 1, T.S. owary of ripening fish showing stages in
oopm.il- (1150)-
Pig 2, T.S. ovary of ripsning fish showing vitellogenesis, (x85),

Flate 5 Pig 1 7.8, ovary of fish spproaching spawning econdition. (x250),
Pig 2, T.S. ovary of spent fish showing empty follicles, (x250),
Plate 6 Mg 1, 7T.S. ovary of nt fish showing structure of empty
follicle, (550.?
Fig 2, T.3, ovary of spent fish showing an early stage in the
conversion of an unshed oooyte to a corpus atreticum, (x70),

Flate 7 Fig 1, T.8, ovary of spent fiah from Juns, showing later astage
in the development of a post ovulation carpus
atretioum, (x130),

Pig 2, Detail of Pig 1 showing relationship of theca interna
and gramulosa, (x875).



Plate 8 Pig 1.
Pig 2.
Plate 9 Fig 1,
Fig 2,
Plate 10 Pig 1,
rig 2.
Flate 11 Pig 1,
Pig 2,

Plate 12 Pig 1,

Plate 13 Pig 1.

Fig 2.
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T.S. ovary from Nowsmber showing an early stage of
atresia in a deweloping cocyts. (x120).

T.S. ovary from Jamary showing a later stage in
atresia. (£100),

Detail of corpus atreticum shown in Pl=% 8, Fig. 2,
showing phagooytosis of zona radiata by gramilosa
cells, (x1500).

As Pig 1 ‘ovoid bodies' in association with
yolk gln!nl.l. ﬁm)o

Detall of same corpus atretioum showing multiplication
axd hypertrophy of theca and gramlosa, (x890),

As Pig 1 showing mitotic division of theca, (x1500),

Te3s OVary 52 days after hypophysectomy in October(3H3)
showing two stauges in the formation of ocorpora
atretiea, (x140),

Datail of early corpus atretioum shown in Mg 1 showing
invasion of anteriar by pramilesas cells. (x1500),

TeSe ovary 61 days after hypophyssctomy in Nowembder(3H15),
Note that all develo ocoytes ere being converted
imto corpore atretioa. (x70).

TS« ovary 78 days after hypophysectomy in Ootober (3H1)
showing fully formed corpora atretiea, (x9C).

Detall of atretio follicle in 3H1 showing relationship
of theca anml gramulosa (x1500),

Te3s ovary 79 days after hypophysectomy in Jamary (6H5)
showing fully formed corpora atretica ami absence of

ripening cocytea. (x70),



Plate 1

Plate 15

Plate 16

Plate 17

Plate 18

Flate 19

Fig 1.

Fig 2.

Fig 1.

rig 2.

rig 1.

Fig 2,

Fig 1.

g 2.

Fig 2.

Fig 1o

Pig 2.
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Datail of atretic follicls in 615 stowing interior
of ocorpus atretioum. (x1500).

T3, owmry 241 days after hypophysectomy in Pebruary
(7HA,) showing degeneration of corpus atretioum, (x10).

TeSe ovary 375 days after hypophysectomy in Maroch (8H27)
showing complete alisence of ﬂun.o?--u. tiote

ressnoe of narmal rimury cocytes (z110),

TeSe Ovary 351 days after mock operation in Esroh (8110C)
showing normal vitellogenesia, (x100),

Telle Ovary of immatare fish 77 daye af'ter lypoplyseotomy
in October (218) showing absence of breskiown, (x130).

Tele ovary of immture fiash 72 days cfter mnok operation
in Ootober (ZH23IC) showing normel primery vcoytes. (x130),

Tof. mormal owary at beginning of vitellogenssis (x75).
Compure with Plate 17, Fig. 2 and Plate 8, Mig. 1.

TeSs 0wy 182 dayn affter hypophysectomy in Pelruary,
bufure deglndng of period of recenstitutivn, Note
reduotion in maher of cooyles. Compere with Plate 17,
g, 1 and Plate 18, Pig. 1. (x75),

TeSe Owary 112 days after hypophysectomy during perisd
of ywconatitution in spril (9H17). Note sexe reduction
in the mmbdes of oocytes, Coapwre with Flate 17,
?‘p. 1 amdd 2, (375)0

T.%. Ovary 6 months af'ter hypophysectomy (1HR2)
showing inluotion of vitellogonesia by lnjsotich of
plaice pituitary mcterial coliescted in awmer,
Compere with Plate 19, Fig, 1. (x90),

TeSe owary 6 manths after hypophysectomy (1i6i3).
showing induction of vitellogenssis by injeotion of
plaios pituitary material collected in winter ,
Compare with Plate 18, ?ig. 2. (x90).

TeSe tostis of post spewning fish showing spermstogonia
and mitotie division. (x1500),



FPlate 20

Plate 21

Plate 22

Plate 23

Plate 2k

Plate 25

Fg 2,

Fig 1.

Fig 2.

rig 1.

Fig 2.

Fig 1.

Fig 2,

Fig 1.

Pig 2.

Fig 1.

Fig 2.
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T.3., testis from December showing stages in
spermatogenesis., (x650).

Te3e testis of ripe fish nhwh? sperm., Note oyst
of reserve spermatogonia. (x500).

TeSe testis of ripe fish showing lobule boundary
ocells, (x1500),

TeS. testis of spent fish slhowing interstitial cells
anl reconstitution of testis. (x1500).

T.S. tostis 130 days after hypophysectomy in Jamary
(6113), showing residual sperm and reserve
spermatogonia. (x110).

TeSe toatias 129 days af'ter mock operation in J
(6u2,c), Note similarity to Fig 1., (x110).

T.S. testis 378 days after hypophyseotosy im March (8i%,).
Note absence of spermatogenssis ami develorment of
connective tissue, Compare with Plate 24, Pig. 1. (x700).

Testis of Gl and testis from a normal fish taken from
the sea at the same time for comperison., (x2).

T.3, testis 376 days after mock eperation in March (8H15C),
lote dﬂz]x.gsp-)at of sperm, Compare with Plate 23,
Plg. 1. 0)e

T.5. testis 73 days after mock operation in March (15H5C)
showing reduction in lobule siss after spamiation,
The connective tissue stains strongly with Heidenhain,

Compare with Plate 25, Pig, 1. (x70).

TS, testis 81 days after hypophysectomy im March (15K3)
showing reductian in lobule sige after spermiation,
Connectiwe fibres do ot stain with layer's haemalum,

Compare with previous figure. (x70).

TeSe tostis of immature fish 20 days after hypophysec
(2H2), DNote similarity to Plate 26, Fig, 1. (x550).



Fig 2,

Plate 27 Pig 1.

Fig 2,

Plate 28 Fig 1.

Pig 2.

Plate 29 Pig 1.
Pig 2,

Plate 30 Pig 1.

Pig 2,

Flate 31 Pig 1.

Pig 2.

Plate 32 Pig 1.

- 228 -

T:Se tastis of immature fish 21 days after mook
operation (211320), Note typlcal cysts of spermatogonia.
Compare with Plate 25, Mg, 2, (x550).

Dorsal view of pituitary gland showing transverse groove,

TeSe pltuitary showing arr ment of cells in
po-adenohypophysis. Asan (x600).

L.5. pltultary showing arrangsment of oells in meso~
m%mu. Note regulari f aoidephils.
Asan ( )o 0 ty s

L.S. pituitary showing basophilic material in sone 9
of meso-adenohypophysis. isan (x600).

L.8. pituitary showing arr nt of cells in meta-
adenchypophysis, Asan (x600),

L.S. pltuitary showing arrangement of regilons, iszan (x50).

L.S. pituitary showing dlatribution of FAS positiwe ocells,
Note PAS cells in meta-adenohypophysis. Pltuitary
detached and turned over. PAS, (255).

Detail of Flate 29, Fig 2 showing distribution of PiS
cells in meso-adenohypophysis. Pas. (x225).

Detail of sone 1 showing distribution of PAS material,
PAS, (x900),

Datall of sons 2 showing distribution of PAS material,
PAS. (x900),

LeS. pitultary showing distribution of AF cells. lote
tiwir absence from meta-adenshypophysis. AF. (x55).

Detall of meso-adenohypophysis showing distribution of
AF oello in zome 1 and 2, AP (x225),
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Diagremmatie L.S. pituitary. Acidophils of meso=
adenohypophysis represented by solid circles and
basophlils by empty circles. Basophils of meta-
adenochypophysis rerresented by empty squares ard
clromophobes lef't blank,

Fields of meso-adenohypophysis counted, (seeypage 156).
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different months.
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A detalled study has hean made of the sexual cycle in the
plaice, Pleuronectes platessa. The spawning season is in spring
and the liberation of the reproductive producta is followed by a
pariod of mitotio activity during which the mumbers of primary germ
cells is increased., The melotic division of spermatogonia in the
testis begins in autumn ard is paralleled by the initiation of
vitellogenesis in the owry. lotile sperm are present in the testis
for several weeks before the spawning period, but ripe ococytes are
not produced until the spawning season is about to begin,

The aytology of the corpus atreticum and the ruptured
follicle or "corpus luteum” ia described and their functional
significance is dimcussed., It is oconcluded that the endocrine
mature of these structures has ot been demonstrated,

A technique far the removal of the pituitary gland has
been developed and post-operative -rvlnl\/ of more than one year hawve 6/
been obtained. Juch post-operative care is required and all experimental
fish had to be force-fed,

The effect of hypoplhysectomy has been studied on the gonads
of plaice at different phases of their anmial sexual oycle, In the
female, it is clear that the presence of pituitary ponadotrophin ias
essential for the initiation of vitellogenesis and for the maintenance
and ocontimied dewelopment of yolked eggs. Gonadotrophin withdrawal



e
results in the conversion of all yolked eggs into carpora atretica.
Although the oviposition of ripe ococytes is inhibited after hypophymectomy,
it has not been conolusively demonstrated that this phase of the oycle
is under ths control of gonadotrophin. Pltuitary ablation has mo effect
on the ximary cooytes of the imuatwre fish and these cells in the
post=spawning adult female can contimue their development up to the
stage of yolk deposition 7;‘& which pohxt/ further development is arrested,
The capacity of primery cooytes %o enter vitellogenssis is retained
in the absence of the pituitary since yolk deposition can be stimulated
by the injecticn of extract of plaioe pituitary glande into hypophysect-
omised animals,

In the male, hypophysectomy results in the inhibition of
sperma togenssis, although there is some evidence that this process,
once atarted, can contimue in ths sbsence of pitultary gonadotreophin,
In contrast to the situation in the female, spermiation is not prevented
by pltuitary removal, In both mature and immature fish, tis spermatogonia
are ot influenced by pituitary ablation, but there is soms evidence
that mitotic division of these cells is mewnted.

The cytology of the plaioce pltultary gland is desaribed and
2 zones of basophils hawe been identified in the maso-adenohypophysise
The presence of glyocoprotein material in these cells has been established
by the use of the periodic acid Schiff reaction and the gramiles of both
cell types are aldehyde fuchsin positive, Considersble variation was
found in the musbers of zone 2 bamophils throughout the year and evidence
is presented that these basophils are responsible for the secretion of

gonadotrophin,
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A technique far the bloassay of plaice gonadotrophin is
desoribed using male Xenopus lasvis as a test animel, The results
indionte that tie amount of gonadotrophin present in the pituitary
fluotuates Guring the year, being least in the post~spewning period of
the fish and increasing in the autumn and winter dwring spermatogenesis
and oogenesis,

Pituitary glands from several other teleost apecies have
also been assayed on the same test animal and the MiD 50 (minimum
effective dose producing a 50X response) is of the same order (5 - 10ng.)
for all spocies except the ocod where it is about 2,25 mg.

Flaice gonadotrophin is capable of stimilating the uterus

h of the immature female mouse, but the amount of material required
e \:—? largs and the response is considered to be of a threshold mature.
fuﬂnd this, mammalian test specles are thought to be unsuitable
for the assay of teleost gonadotrophin,

The nature of the gonadotrophins of the plauice pituitary
is discussed and evidence is presented whioh imdicates that the
pltuitary contains a hormons, the follicle stimulating properties
of which resenbles those of mammalian follicle stimulating hormone,
Tha evidenss for the presence of a hormons comparable to mammalian
luteinising hormone is not conclusive.

The concept of the species specificity of vertetrate
gonadotrophin is discusmsed. A comparison of the MED 50 obtained when
plaice and Xenopus lsevis pituitary material is assayed on mele
Xenomus lasvis suggests that such a specificity does exist.



