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The elasmobranchs are an ancient group of vertebratesy the
earliest fossil remains are found in Deverdan strata, and forms
merphologically similar to those now in existence had been evelved
by the Juressic. The group has undergone little change since the
Dovonian, and, although highly specialised in some respects, they
are generally regarded as "primitive" in the sense that they
represont an early stage of vertebrate evolution.

Degpite the cbvious merit of elasmobranchs as subjects for
conparative study, little is known of their endoetine physiology.
The present work attempts to determine whether the thyroid gland
and gonads are under pituitary control, as has been demonstrated
in other verteb rate groups, and, if so, which portion of the
pituitary gland is responsible for such contrel.

Experimental study of the elasmobranch pituitary is
facilitated by the cartilaginous skeleton, which allows ready access
to the cranial cavity. However, hypophysectomy in elasmobranchs
18 not a simple operation, as will gppear in due course. A major
digadvantage to the use of elasmobranchs for experimental work is
the difficulty of lusbandry. Most workers have reported survival
periods of four to six weeks after hypophysectomyj only Vivien
(1940, 1941) has repérted longer survival periods.
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The dAifficulties involved in seeuring adequate survival were
particularly evident in the early stages of the present invegtigation,
at wvhich time mortality was cxcessively high, and of a large number
of figh none survived hypephysectomy leng enough to show a recognisable
effect on the target organss It proved necessary to devote much
time and attention to husbandry before these difficulties were
sumounted, However, survival periods of more than a year were
eventually achieved, and the besls exists for a much more extensive
gories of experiments. The latter should determine the extent to
which the endocrine organs control physiological processes in
elagmobranchs, and should yield further information on the intere
relationships between the various endoerine glands of these fish,
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T _LLACUCORANCH FITUITARI. GLAID

Introduction.
The oclasmobranch pituitary gland congicts of three main portions

or "lobes". Those are (see Fig.l, p.3):~

(1) The pogtral lobe, a delicate tongue of tissue lying between
the lobi inferiores of the hypothalamus, posterior to the optic
chissma, This lobe has boen variously referred to as the "juxtaoe
noural portion" (Tilney, 1911), the "superior sac" (Charipper, 1937),
end the "pars anterior” or "anterior lobe" (most workers). The term
"rostral lobe" was proposed by Stersi (1909).

(2) The pguro-intsrmediato lobe, a large and somewhat bulboue
lobe attached postero-dorsally te the rostral lobe. The ggogl
Xasculegl lie above and overlap this lobe on either side. The nouroe
intermediate lobe has been referred to as "the postericr part”
(Herring, 1911), the "distal epithelisl portion" (Tilmey, 1911) and
the "guperior lobe" (Baumgartner, 1915). The terminology used here
has been accepted by most workers.

(3) The yonizal Jobe, lying ventral to the other two lobes and
embodded in the floor of the crenium, Thig lobe is a unigque feature
of the elasmcbranch pituitary. It is attached by the "interhypophysial
stalk" to tho caudel end of the rostral lobe (Daumgartnmer, 1915
Nerris, 1941), wvith wvhich it shares a common lumen, It has been

reforred to as the "inferior lobes" (Paumgertmer, 1915), the "pars
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ventralis” (Howes, 19363 Hogben, 1936), and the "inferior sac"
(Charipper, 1937)s The terminology used here hasg boen acceptod
by most workers.
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Crisdcal Seview of the likerature.

The literature prior to 1915 hae boen oxtensively reviewod by
Beungartner (1915). I have not attempted to cover this early work
completely, and in a few cases Neumgartner's reviecws have beem adopted,
The reviews in quostion are noted as taken from Beumgartner.

The ventral lobe of the pituitery has been inadequately treated
or ignored by most workers, In this thesls it has assumed pome
importance, and will be given particular attention in the revicw of
the literature,

() Development. Refer to diagrems, fig. 2, p.!3.

Rabl-ffickhard, (1880, reviewed by Baumgertner), stated thst in
the "joanthiag" embeyo of 60 mm, length there is a ventral outgrowth
from the hypophysiss this is presumably the anlage from vhich the
ventral lobe develops, and RableRfickhard eppears to have been the
carliest worker to describe the origin of this lobe,

Heller, (1896, reviewed by Beumgartner), gave an account of the
developnent of the hypophysis in Migtelig. Py the time the embrye
has reached a length of 90 mm. the hypophyeis has lost its connection
with the mouth, and from the floor of the caudal end two lateral
evaginations have developedy from thege evaginations the ventral lobe
is formed, In the fullyedeveloped pituitary of a 20 em. glglug
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Haller depscribed the imterhypophysial cenal joining the ventral lobe
to the rostral lobe,

Chiarugl, (1898, rovicwed by Beumgartner), dealt briefly with
the hypophyeis of Joppado. He found a comnection between the preman:
dibular ecomites and the hypophysis. This conncetion was later
described and figured by de Beer (1926), who regarded it ss an import:
ant clue to the homology of the ventyal lobe,

fosel (1902) descrided end figured various stages in developmont
of the pituitery of Jorpadg, with particular reference to the lateral
lobess The latter first appear in emiwyos of about 11 mm, length as
peired diverticulae from the ventro-lateral walls of the hypophysis.
They are separated by the carotid arteries from a second pair of
diverticulae which later fuse to form the ventral lobe,

1t 48 cloer from the work of de Deer (1926) and Norris (1941)
that in Joppedo the lateral lobes consist of a single palr of diverti:
culae which are subdivided at an early stage of development by the
carotid arterics. The two pairs of diverticuleo deserided by Rossi
should therefore be interpreted as togethor constituting the lateral
lobes, Thie subdivision of the lateral lobes in Jorpedp haes csused
mwch confugion in the literature. The origin of the ventral lobe is
best seen in those forme (e.g. Sgualma) in which such subdivision

does not occur,
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Gentee (1902a) speake of the superior and inferior sacs of the
pituitary, evidently referring to the rostral and ventral lobes.
working on Jgrpedo marmcrate Ples., he came to the conclusion that
the inferior sac does not arige from the superior sec. In the
22 m, eubryo the hypophysis shove an emnular constriction which
gradually deepensy in this way the hypophysis 1s divided inte two
portions, one dorsal and the other ventral. These are the superior
mum«.-mmymwyumgiu.wmm
subdivisions of 'athke's pouch. TFrom each side of the ventral see
two prolongations grow outward laterally, and these are the lateral
lobes. The constricted portion between the two sacs becomes an
oblique, clongated canal which porsists in the edult., Gentes
apparently did not recognise the neuro-intermediaste lobe as a separate
entity, since he makes mo montion of it,

In another paper (1908b) Gentes deseribed the lateral lobes as
blind outgrowths from the inferior sac, two on cach side, He
briefly referred to previous work on the lateral lobes of higher ver:
ttobrates, and 4t was apparontly his intention to trace their homo:
1logues in eolasmobranchs.

It fo clear from the work of Rossi (19R) de Beer (1926) end
othors that Centes ig imcorrect, both in his deseription of the
manner in vhich the ventral lobe arises end in his interpretation of
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what constitutes the lateral lobes. The ventral lobe ariscs as
paired evaginations of Rathke's pouchy moreover these evaginations
are the hemologues ¢f the lateral lobes of higher vertebrates,

The outgrowths mentioned by Cemtes are subdivisions of the ventral
lobe, lorris (1941) found that in many genera the lateral portions
of the ventral lobe tended to subdivide, and expressed the viow that
the internal carotids were responsibles "It has been suggested by
Stersi that the noteh which cauges this division in each lateral
part of the (ventral) lobe 1s the result of the growth of the enbey:
onic lobe againet a blood vessel, This is undoubtedly the true
explanation and the blood vesscl is the internal carotid artery or
ite immediate branches” (Newrds, 1941, p. 17).

Herring (1911) described development of the pituitary in
Serlidun (Sovliorhims) ssploule end Sada batdg. Fe falled to
mention the ventral lobe, although the anlage from which it develops
ie clearly shown in his figures of emberyo dogfish.

Stersd (1912, reviewed by Beumgartncr) described the development
of the hypophyeis in "Acanthiag". From the hypophyseal pouch two
lateral diverticulae arisej these later form the ondosranial portion
(ventral lobe)s The dorsal lobe (neuro-intermediate) develops at
the superior end of the hypophysial pouch, and Stersi mentioned the
pregence of blood vesscls and nerve fibres between the epithelial
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cords of thie lobo.

voerdeman (1915) studied development of the pituitery in Jorpeds.
He found that after the formation of Rathke's pouch two further ecto:
dermal inveginations occur. The hypophysie then consists of a small
Rathke's pouch somewhat constrictod from an anterior "mittelreum” and
antoerior to the latter a "vorreum®, lio other vorker has deseribed
three separate inveginations of oral ectoderm,

According to toerdeman, 4in 20 mm, embryos the mittelraum becomes
divided, by a horisontal constriction, into a dorsal and e ventiral
portions ‘liverdeman described the lateral lobes as growing outward
from the ventral portion, which also carries the stalk comnceting the
hypophysis with the oral epithelium,

Woordeman's work wes commented on by Beumgartner (1915), whose
findings on Jgualug diffored from loerdeman's in the following
respocte:~ Doumgartner reported fyp ectodermal invaginations, one of
vhich is Rathke's pouch; he found that the ventral lobe arises as a
palr of outprowths from Rathke's pouch, not by comstriction of Rathke's
pouch as deseribed by Hoerdeman, Finally, Doumgertner found that
the stalk commeeting the hypophysis with the oral epithelium remaing
attached to the rostral lobe until it disaeppearsy at no time is it
attached to the ventrel lobe, which arises posterior to the stalk in
quegtion.
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Baumgartner cuggested that the ventral sece and lateral lobes of
Woerdeman probably represent the ventral lobe, and in this he s
undoubtedly correct, ‘Woerdeman's study adde little to our informat:
1ion on the elasmobranch pitultary; it edde appreciasbly te the confus:
:ion surrounding development of the gland in Jorpede.

Beumgertner (1915) studied development of the hypophysis of
Soualug acanthiag, and gave a deteiled deseription of ite morphology
and histology, He found that Rathke's pouch givee rise to the
poaterior part of the rostral lobe, the remeinder of this lobe being
formed from a later ectodermal invagination. fathke's pouch also
gives rige to the intermediate component of the nouro-intermediate
lobe postero-dorsally, and to the ventral lobe postero-ventrally.

The ventral lobe develops from a palr of evaginations which
arige on elther side of Nathke's pouch, They are first noticeable
in embryos of aebout 22 mm, length, posterior to the comncction be:
stueen the hypophysis and the oral epithelium. 4s development
proceeds they migrate posteriorly and ventrally. From an early
gtage the two ovaginations are comnected by a "ridge" across the
hypophysial enlages in the adult £, .acapthisg this connection is
no more than a constriction separating the ventral lobe into right
and left halvos.

The neuro-intormediate lobe is first indicated in the 22 mm.
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embryo by two slight "outpouchings” at the posterior end of Rathke's
pouch, In this region the epithelial cells proliforate towards the
overlying floor of the ssecus vasculosus and give rise to the cell
columng which constitute the hypophysial component of this lobe.

Development of the rostral lobe involves differentiastion of the
epitheliun of Rathke's pouch and the anterior invagination. The
result ie a folded epithelium with gland-like diverticulae, surround:
ting a persistent hypophysial cavity.

Do Beer (1926), in his nonograph on the vertebrate pituitary,
described Rathke's pouch in gelachiens as a hollow octodermal invag:
tination, similar to that of amniotes Lut unlike the solid iagrowth
found in amphiblans and telecets. IHe confirmed that the ventral
lobe develops from pelred outgrowths of Hathke's pouch, and homolo:
tgised these cutgrowths with the lateral lobes of higher vertebrates.

in the carly lorpedg ombryo de Beer described snd fgured a palr
of "proboscis pores" by which Rathke's pouch commnicates with the
two premandibular somites, After comncotion with the premandibumlar
somitos has boen severed the lateral lobes arise at the place vhere
the proboscis pores openeds According to de Beer, this condition is
"procisely comparable” with that seen in the duck. Since the lateral
lobes give rise to the pars tuberalis in higher vertebrates, de Beer
argued that the ventral lobe of clasmobranchs is homologous with the
pars tuberalie.

B e s e B T T s
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Do Beer noted that in the older Jorpode ombryo the developing
ventral lobe consists of two processes on each sides these two pairs
of processes are separated by o transverse blood vessel (the internal
carotid anagtomosis). This is the condition that has caused so
mich confugion in the literature; it requires no further comment,

Van de Femer and Selemrmene (1953) studied development of the
sacous vaseulosus of S, canlculg. The saccus evagination arises
from the floor of the third ventricle; betwoen the optiec chissma and
the recessus posterior, At an early stage in development the caudal
part of the hypophysial anlege makes contuet with the ventral wall of
the sacous evagination, and the latter proceeds to differentiste as
neurohypophysial tissue, This differentiation takes place throughout
the region of contact with Rethke's pouchs Van de Kamer and
Schuurmang suggest that differentiation i "by a process of contiming
induction with the orohypophysis as inductor". [lorsally the saccus
evagination differentiates as characteristic sacous vasculosus tissue.

Van de Kamer and Schuurmans regard the Saceus vasculosus as the
homologue of the processus infundibuli of memmals, and this view is
shared by Norris (1941). Norris erguce that the elasmobranch
"infundibulun”, stretching from the optic chiesma to the mammdllary
body, could not be homologous with the mammalien infundibulum, I
may be suggoested here that these workers are only partially correct:
the homologue of the processus infundibuli of memmals appears to be
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the embryonic saccus evagination, not the saccus vasculosus. The
embryonic ovagination gives rise to the saccus wvasculosus dorsally
and to neurohypophysial tissue ventrally, so that both of these

tissues togother evidenmtly constitute the homologue of the mammalian
infundibulumn,
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Fige 2%

DMarramatie reprosentation of development of olasmobranch pituitary.
(In all figures the anterior is to the left,)

&-F. lasmobranchs. (i~ .sagittal sections; 7,ventral view.)

Ge Marmal,

AwDy ho:‘::: stages in embryonic development, {rom various

Fe Mult skate (Rela rediata Don.), from serisl sections,

Fe Adult dogfish (3. canicula), from Norris,

Go  Pubryonic rabbit, from de Deer,

(a)s Rathke's pouch.

. al wnﬂ-‘
g:;. (:tuﬂu diverticulum of Rathke's pouch,

d). BSecous evagination from floor of diencephalon.

« lateral lobes groving upward toward tuber cinereum,
(r)s Pars

( o ”mw Mo

(3. Infundituler process.
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(5) lerphelegy and Jilshology.
The earliost deseription of the elasmobranch hypophyels
appears to be that of Milucho-Maclay (1870). Following Rathie,

he definod the hypophysis ag the oral component of the pituitary.

However, from his description and figuros it is cloar that he cons
toldered the ventral lobe to be the hypophysis. He migtook the
romainder of the pituitary (i.e, the rosirel and necuro-intermodiate

lobes) for part of the sacous vesculomus, and described the lumen
of thie portion as commnicating with that of the saccus in eome
sclachiens. It may be noted thet a comnection botween these two
lurdna hao not been found by other workers,

Herring (1908b) took the view that the skate pituitary io not
differentiated into anterior and posterior lobes, Ilowever, he
noted an intermixture of nervous and epithelial tissue in the "main
body” of the pituitary (nouro-intermediate lobe), and was prepared
to concede that a posterior lobe might be represented, Herring
duuﬁ.hod a fine gtrand of comnective tissue comnecting the pitultary
vith the cartilaginous floor of the cranium, end interpreted thie as
the romnant of the neck of Rathke's pouch: in this Herring was quite
mistaken, No trace of the neck of Rathke's pouch remains after
enbryonic 1ife. The strand in question is the interhypophysial
stalk of Norris (1941) it consists of cpithelial pituitery tissue,
and conncete the ventral lobe (which is attached to the floor of the
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crenfum) vith the remeindor of the pituitery., lHerring 4id not
mention the ventval lobe, and it muet bo coneluded that he was un:
ravare of its cxistence,

A later paper by Hepring (1911) on development of the olasmo:
sbranch pituitery has alroady beon mentioned. In this paper he
exprogpod the view that the vostral lobe is the homologue of the
pare intermedis of the mammalian pituvitary, but this view ic not
phared by othor workers.

. T4inoy (1911), in a paper on the comparstive histology of the
pituitary, did not mention the ventral lobe, orking on Souaius
acanthiag, ho found that the lumen of the juxtaeneural portion
(rostral lobe) sghowed "no evidsence of eny contalned substance whats
rever”, This conflicts with Beumgertner (1915), who deseribed the
pregence of colloid in this lumen., According to Tilney, the cells
of the jurte-neural portion ore basophil and irregular, tending to
forn aoinl, vhercas those of the distel epithelial portion (nouroe
intermediste lobe) are scidophil, with scanty cytoplesm., He also
stated that the blood spaces of the distal epithelial portion drain
into the vepscls of the saccue vasculosus, but gave no evidence in
gupport of this conclusion,

Hepring (1913) in a contribudion on the comparative anatomy and
physiology of the pituitary, stoted definitely that there is noither




(20)

@ pars norvosa nor a pare intermedia in the elasmobranch pdtuitary.
It is ALfPicult Lo reconeile thie with his carlier views on the
subjoct,

In the rostral lobo Herring found evidence of centyrifugal
socrotion by the colle bordering the lumony the seerotion is in the
forn of deoplywstaining gremuloe which pase into the surrounding
comnootivo tissue, en route to the neighbouring blood vessele.

Dy the following year Hepring (1914) hed agein modified his
vieue on thoe histology of the ahate pitultary: he now Ghought it
probablo that "part of the clwoumophobe portion is rue pare inter:
#2038 oeee”, apparently roforring to the nswoelntermediate lobo,

Beungartner's work (1915) on the hypophyeis of Joualus
acapbldag hos alroady boen mentdionod. Part of this work deals with
morphology and histology of the gland in tho adult, Daumgartner
found that the rostral lobo 1s soparated into anterior and posterlor
portlons by a alight consteobion of the mdddle, The nowo-inter:
tnodiato lobe is considerably wider than the rostral lobe and is
abtached dorgally to the saccus vasculosus, 4 slight constriction
soparates the ventral lobe into right and left halvesy its width is
pomowhat logs than that of the nowro-intormodiaste, and it is comnected
to the caudal end of the rostral lobe by the imberhypophysial canal.

Both the reotral end ventral lobes are cssentially sac-like,
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vith their lumins in commmication by way of the imterhypophysial
eanal, The walls of both lobes tend to form tulmle-ldike styuctures,
and in the rostral lobe the tulmles may anastomose oxtonsively among
thomselveg. Daumpartnor found a cavity in the nawo-intermediate
lobe of the onmbeyo, prosumably part of the original cavity of Rathke's
pouch, tut in the adult thie lobe shows no elgn of a lumen,

Baumgartner described a colloidal sooretion in tho lumina of the
rostral and ventral lobes, and also 4n the lunina of the tubulep of
thego lobos. He found a simllar gecrotion occupying spaces among the
cell columng of the nouro-intermodiate lobe. He noted the prosence
of norve filwes betwcen the cell columns of the nowro-intermediste
lobo, and reforred to the work of Stersi who had desoribed these fibra
as coming fron tho lobl inferiores of the brain,

Baungartner described the ocella of the rostral and ventral lobes
as acidophils, ut the steining reaction of the neuro-intcrmediate
lobe 48 not so clear-cub: the colls may bohave as acidophils or baso:
tphiles. The responsc seemp to vary with the stain used.

Parker (1918), describing the structure of the elasmolwanch
pituitery, odopted a curiocus terminology. He did not fipure a vens
ttral lobe, le divided the "pars tuccalis” into en enterior lobe, a
supericr or dorsal lobe and an inferior or ventral lobe; the enterior
lobe corrosponds to the rostral, end tho other two lobos appear to be
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gubiivicons of the newo-internodistes Following Tilney, he
rogarded the rostral lobe aa the homolopue of the pare tuberalis,

Hogbon end de Boer (1925) wepe the fired ma‘ to $dentify
in the golpehian pituitary a definite pars norvoss, although
Hopring (1900b), Baumgartacr (1915) end othars hed roported norve
fiwep in the nouro-intermediato lobe. According So lHogben and de
Beey, the pars nervocs consists of & mage of nouroglia fbres "which
logve the flocr of the infundiular cavity and ramify among cells
ubdech 4t 4s permdssable to identdfy with pars intermedis of othar
fornp"«

Do Boor's monograph (1926) on the vertebrate pltultary has als
trcady boon mentioned. In the clasmobranch pituitary he described
the progonce of hlood vessols outside the epithelium of the rostral
lobey those opithelial cells which are oriontated towarde the blood
vossols are coglaophils, whercas the others are basophils. In the
bbodwmhhof'&ﬂawmummuﬂnm
of the cosinoptdle. De Boer took the view that both cosinophile and
basophile belong to the same cell type, and the differcnce in otaining
rosction indicates different stagee in a functional cyelo.

In the newro-intermediete lob: he noted the extensive vascular:
tisetion of the intermediste component; tide lobe 45 composed of

basophils end penctrated by neuroglis of the pars nervosas Do Boer
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dogoribed the ventral lobe as compooed of begophils and large oosinos
1iile, the latser chowlng evidence of seeretory activity,

focording to de Beer the vontral lobe s attached dorsally to the
neuro-intormediate lobe; in this de Deor was mistaken, He also stated
that in vays the ventral lobe s froeg 1f thie moens, as it appoars to
mean fyon the contoxt, that in reys (Rafidac?) the ventral lobe 4s not
attachod to the eranfum, 1% is certeinly incorrect.

T™his error was roposted by Hogben (1936) and dy Waring (1978),
both of vhom deserdbed the ventral lobe in Jglg es "frooc”, lNarris
(1941) found the ventral lobe attached tc the flocw of the cranfum 4n
all forms examinod, including Jglg, though the attachment 15 lose tena:
tclous in the betodds than in the sharks. Mig. 1, pe 3, shows clearly
that in Jgig the ventral lobe is sttached to the floor of the ecranfum,

Comes (1935), working on the fomele Jorpedn, described the tubules
of the rostrel lobe as composcd of chromophobe and eoeinophil cells,
Cones held that the collodd found in the lumina of the tubmles s
secroted by the chromophobes which border on the lumina., He noted
that the amount of colloid inerecascs at postation, and concluded thet
the chromorhcbes are concerned with production of gonadotrophin.

Acoording to Comes the cosinophils 1ic peripherally to the clromo:
sphobea, and they produce a soeretion which pagsses inte the swrrounding
gimusolds, Comop found this scorction to be particularly sbuntant in
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young fishy and concluded that tho cosinophils are concerned with
profuction of growth hormone,

The cosrelstions peported by Jomes are intoresting, tut thoy
hordly varramt the £irm conclusions drawm,

Raned (197%6a) rocorded Mstological changes in the pituitaries
of fomale Jorpedg, Inuoen (both ovovivipsrous) end Migtglng (vivis
rparons) during pestation, o noted that as gestation proceeds the
rostral an! nauro-intormodiste lobes show & genoral hyperacmias he
244 not nentlon the ventral lobe, Thore 48 en increasc in the
movnt of eollodd in the tulmles of the restral lobe, while the peris
rphoral cells of tho walls of the tubules show deecreased cosinophilia,
The cells of the intermediete lobe enlarge and show increased coginod
:ohilda,

In a later papor Renel (1936b) extendod his observetions to
cover govoral other gpecles,

Howes (1936) deseribed the merphology and histology of the pit:
sultary in three speclos of Rglge e divided the rostral lobe imte
throo roplons on the bagls of stalming resction: an enterior, strongly
basophil replony a middle, feintly basophll reglony and o posterior,
madnly soldophil roglon. o sugrested that thepe are the homologues
of the pars tuboralls gnd the bagophil and oxyrhil aroas respectively
of tho marmalian pars anterfor, "o also sugpested that the ventral
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lobo may bo the homologue of part of the mammalian pars tuberalis,
Mg syston of homeloglos 4o besed largely on the stelning resctions
of the varfons rorfons of the pltuitery, ond should perheps be
trooted with reserve, Hosrde (1941) has pointed out thet Howes'
figare of the pitultary in ventprsl view is incorrect,

Mtoher (1936) separated the rostral lobe of the dogfish into
antordor anl posterio® portlons, whioh ho rofermed to respoctively
as pars ddstalies end pars mediaiis; the two portions are sopareted
by a constriction with smooth walle and a small Jumen, He noted
that In the okate the Jumen of the ventral lobe commnicetes with
the hypophyetel covity of the rostwal lobo, Mutcher's statement
that the dogfish possesses a "disindegrated and incomstsent occurring
venteal Jobo” 1s not confirmed by other workers.

Loule and Mutcher (1936a) working on Joualug and Balg, laimed
that the pituitary could be soparated into eix lobes, one of which
4o the cacons vasculomig, The othors are pare Motalls and pars
medialdc (rostral lobe), pare intormedlio and pars nouralis (nouros
intermedfate), and the pars ventralis (ventral lebe),

Charioper (1937) brfefly revicwed the 1literature on the mors
tphology and cytology of the pituitary of lower wvartelwatos. Mg
viow that the selachian pituitary is "atyvical in most respects”
wvag later challenged by Nowris (1941). Charipper pointed ocut some
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of the mumerous contradictions in the literature on tho subject of
evbology, and remesriod on the confusion in torminology and homology
of the variocus parts of the sland,

Charipper rogarded the rostral and ventral lobos topether as
homologove with the anterior lobe of hMghar vertebratos; he also
clafmod that the lumina of thesc %wo lodbes ropresent the original
cavity of Rathke's pouchs These views do not stand up to close
exardnetion. Do Boor (1426) end others have sugmosted thet tho
ventral lobe is probebly homologous with tho pars tuboralis, Iore:
:ovep, tho ventral lobe dovelops from palred cutgrowths of Rathhe's
pouch, po that 1ts lumen could not be part of the original hypophysial
cavity; She latter 1o represontod, in the adult, by the lumen of the
rostral lohe, |

Wardng (1932) gtated that the ventral lobe ardsecs from the nouroe
intermodiate lobe, and that in Salg the vonteal lobe 4s "free”. Both
statemente are incarrect.

Norrie (1941) publighed an emcellent monograph on the Plaglostome
hypophyste.”  Although chiefly concerned with movphology, the anthor
gave pore attention to histology and homology. Ms work coverod 51
genera, among which he detinguished tuwo nain types of ypophysls, a
aclachold and a batold, as woll as some transition forms connecting
those two typess 4 major polint of difference 4s that in the solachodd

% Plagiostomos dofined as all elasmobranche except the Holocephald.
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type the rostral and ventral lobes contaln o lumen, vhorose in the
batoid type tho entire hypovhysis io e0lid,

Norris found the ventral lobe to be highly veriable in form, sise
and popitdon, It is sttached to the rostral lobe by the interhypophyr
tolal gtall, and 1e useelly locsted ventral to the postorior third of
the neuro-intermedlato lsbe, It llos ambodded in the tough comooctive
tisme of the endocranium, on the floor of the cranial cavity, The
sharke are provided with a deprossion in the eartilage, the hypophyelal
‘fosng, in which the ventral lobe i accommodated. lorris was able to
traco the gradual feding out of the hypophysial fossa enong the squalodd
and geleoid sherkey in the batolds the fomen hes dsappoared, looving
the ventral lobe attached more or lose loosely to the floor of the
eranfun,

According to Norris the vantral lodbe "is frequently functionlese
and 4in some instancos reduced to 14ttle more than s thin membrancug sec.
But in othor forme its size, vesicoular Mstologleal gtructure anl abun:
wmnt blood suprly indieate en important funetfon” (p, 26), The sbater
iment that 4t s "freouently functionless” le open to quesbiony more:
rover, Howris does not appear to have allowod for the merked inoroase
in olze of the ventral lobe ot sexmal maturity,

Over the last 4 years a congldarsble muber of pitultery digocc:
sdons have boon carrdod out at tho Catty for the purpoee of meking




(=4)

extracts of the various lobes, It has boon noted that the ventrsl
lobo incroascs considersbly in sise et sexusl matwrity, and thet the
sige increase is mot proportional to that shoun by the remainder of
the pitultary. It 1s reassonable to suggest that the varistiong in
cloe of the ventral lobe reported by lorris are characteristics of
age rathor than of gpecles.

Horris divided the rostral lobe into en anterior pars distalis
and a posterior pare medialis, o found that the rostral lobe and
the pars intermedia (of the nowro-intermediate) will react to both
basic and seld steins, but the cells of the rostral lobe "are pres:
tdoningntly actdophil”., He noted that in both lobes the bloed
vessols are bordered by ascidophils, The stalming reaction of the
ventral lobe ic simller to that of the rostral lobe,

Scharper (1952) etudied the noural component of the pitultery
and 1%p rolationsghip with the hypothalamus, vorking on Scvllium
Stellars, he found thet the Mbros cotposing the pars nervosa orig:
sinate in the gugloug praconbicug of the hypothalarmas, The axons of
m»uowmmm“mmummwm
third ventricle as the {racing pracgotico-hwmonhvacug and enter the
nowro-intermediate lobe of the pituitery. They do not form a
dlgerote pers nervosa as in othor vortebrate groups, but booome dlss
ttributed anong the cells of the parg intermedia. Scharrer maintained
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that the s total of these merve endings within the neuro-inteormediate
lobe constitutes the pars morvosa of Sovilinm. This imtorpretation
agrooe with that of Hogben and de Beer (1925),

The eells of the mclens precopticus produce s sceretion in the
forn of gramles uhieh staln bine=black with Gomori's chrome-haena:
toxylin, Ther show gyeles of seereotory eotivity, and the ncuropecre:
1tion 48 convoyed along the fibres of the tractus nracoptico-hypophyseus
to the pituitary, where 1% is siored in the merve endines of tho nouroe
intormedioto lobo,

Schayror arrued ogainat the traditional view of the pars norvosa
as an ondocrine gland, and favourod the more recent one that the
hormonca of the pare norvosa are produced by the hypothalamas.  Accord:
1ing to this theory tho pare novvosae acts es an organ of storage for
theso hormonos, and Scharrer concluded that the condition found n
Sexlliun eupports the theory.

In the game yeor Magsel (1957) carried out g similer otudy on
Seconicpla. e found thet the fibres of the hrpothalane-hrmophzacal
fpact (trectus pracontico-hyporhyscus of Scharrer) originate in the

meleus Bagnecsllolaris npaconticig. The cells foredng this miclous
are located in the walls of the preoptiec recege. Tt appoars thet

neuro-gecretory material, stainable by Comori's method, 4s conveyed
oubtward from the colls of the muclous along dendrites as woll ap axons,
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The soeretion trevelling along the dendrites passos through the
ependyme and enters the ventriculsar liquor. That passing along the
axons finally reachop the noural component of the pituitary.

Van de Xamer and Verhagen (1954) studied the cytology of the
neurohypophysis, the saccus vasculosus, and the receasus _poctm ’:
in 8, canlcula. They described the Wa as il up
nainly of norve filres thet forta a narrow layer within the neuroe
internodiato lobe; the layer of fihres lics Lmmodlately bonesath the
ependymal cells bordering the ventricle. Tho fibres penstrate bes
ttucen the cells of the intermodiate tlssue in the forn of etrands.
Thare are blood capillaries among the fitres and between the tissuce
of the pars nervosa and the pars intermedis,

Their description of the saccus vasculosus may be noted. The
epitholinm consiots of several coll types; the "coronetecell” is the
nain type, but they also found cilisted cells, supporting cells, and
colls pospesaing a threadlike protmsion with a globule on top. The
coonot colls are described in dotall; the muthors think 1t probable
that thoy are identlcal with the "parenchymetous pituicytes” (see

- - T

bolow) of the pars mervosa, and that both are transformed opendymal
cells.

In a later paper (Van de Yamer and Veshagen, 1955) tho same
workers desoribed two types of pltuicyte scattered among the fibees
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of the pars nervosa: large, vacuolated coells which thoy desigmated
"parenchymatous pituioytes”, and omall irrepnlor cells with bronching
cytoplaermic processes. Thoy expressed the view that the latlor type

corresponde to the pituicytes found in the posterior lobe of othep
vertehrates.

They came to the conclugion that the parenchymstous pituieytes
originate from the ependymal layer and possoas seorstory activity,
their producte being extruded into the gpaces betwoen the nerve filwes.
Those cells otain heavily with Comori's chromo-haematoxylin, and the
authors took the view that they actually oproduce the neuro-socrotery
material they contain.

Van de Kamer and Verhagen also noted migration of intermediate
cells into the tissue of the pars nervosa, discontimuity of the open:
dmal layer of the pars nervesa, and gecretory activity by the erendiy:
smocytes. They concluded that histologically and cytologically the
pars Mervosa of the elagmobranch pituitary is similar %o that of other
vertebrates.
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(¢) Raalalogy.

(2) Prossor, antidiuretfc en? oxvtoolc gotivity.

Horring (1908a, 190%b) was tho firet worker to atbempt an Luves:
#ipation of the physiological activity of the elagmobranch pituitary.

_ He reported that NMnger cxtrocte of skate pitultary and ssecus vasoulosus
produced no pressor e&‘feotwhenmw‘onthant.

In a loter paper Herring (2913) reported an "Lumediate and welle
marked” effcet on mamnary secretdon when a dnger oxtract of skabe
pltultary material was infected dnto tho lactating cast. The offoot
reported by Harring has the eppearance of a mllkeojection response., It
1 now knoun that milk ojootion im the rabvit is controlled by the neuros
thypophysls, and thore is evidonce that oxytoein is the factor reapon:
wsiblo (Cross and Herrie, 1952; Cross and Van Dyke, 1953). Unpublished
work carricd cut in this laboratory has confirmed lerring's reports
extracte of dogfish nawo-intermediate lobe have produced tho milise
efection response in lactating rabbits.

The following year (Herring, 1914) the seme worker reported thet ‘s
«25 poy cent, extract of skate's pituitary” cauged a definite contraotion
of the rat'o uterus. This s clearly an awytocic effocty taken in
conjunction with his carlier regults, 1t indicgtes the presence of em
exytocin-like gubstancco,

Hegben (1925) assayed Ringer emtract of tho skate pltuitary for
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"gvine deprepeor substance”. Ho found that both skate and cod pituit:
rary material caused a drop in blood presmure in the duck, but the
regponse was consldergbly smaller for skate than for an equal welght
of cod matorial. It has sloce been shoun that the evian deprossor
effoct 48 a property of oxytooin (Caddum, 1928),

Hogben and do Beer (1925) gsssyed Ringoy extracts of skate and
cod pitultary meterial for presscr activity, They found that 10 mgme
cod pituitary elicited e definite response vhen essayed on the caty
but there was no response to 50 wgm. skele pitultary.

Hogbon and de Deor also assayed for oxyboolc activity using the
guinea pig uterus. The skaete matordel clioited a regponse, but this
vae emall compared with the response to cod material: the lattor wae
egtinated to be twenty to thirty timcs modo setive than the pskate
material, The guinee pig ubterue 1s sensitivo to histamine, and this
result could heve been duc %o histamine contaminationg however, the
authors point oubt that lepwring had obtalned o response to skate mater
sdal using the  rat uterusy and the lattor is relaved by histanmine,

Gedling anl Lo Mespsuricr (1976) assayed dogfish and skate pitudt:
1ary extrecte for pressor, antidiwretic and cxytocic activity, Wut
geve no information cenceiniang the methods used, They roported "a
sugrestion of slight pressor sctivity” in the nowro-intermndiate lobe
and tho saccusy the antidiurctic assay gave inconclusive resulis.
They mentioned no results for the oxytocin assay. It may be noted
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that thelr mothods recorded both pressor and embddiuretio activity
in the pitultary of the soulpin (Teleostei), However, the lack of
informetion makes 1t A1fflovlt to Judpe the valune of these resulte.

Heller (1941) rocorded the presence of antidiuretie prineiple
in pitvitarios of clasmobranchs agsayed on rabbits, e noted
Hoprdng's follure to find a pressor principle, tut explained the
_mmmmmmmwm~mmmwamm
mothod, The seme worker (Heller, 1945) weported the presence of
Twabere balance »wineiple” 4n the olasmobranch pituitary.

fogben (1936) sugpostod that the ventrel lobe might bo respon:
sible for vroduction of o pressor substance. This sugpestion was
based on the observation thet skete from uhich the ventral lobe had
been removed ghowed a pink flush., Hogben's sugpestion was later
quogbloned by Perker (1937), who pointed cut that elagmobranchs
which hoave blanched normally also take on a pink flush, possibly
bocauge the suparficial blood vessels becone more reoadily visible
vhen the chrometophores are 'contracted’.

In ony cape 1% 1p doubtful whother Hoghen succeeded in romoving
tho vontral lobe, His description of its morphology is equivoecal:
"In skebon . 4 « o o Bho pare ventralis is free” (p. 146) and: "in
gkates the ventral lobe adheres to the membranous floor of the twrain
cape” (p. 161). It is Aifficult to reconcile these two statements.
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Hogben's figure sugpests that the pgrtion he took to be the ventral
lobe 4s in fact tho interhypophysial stallky moreover, the interhypo:
tphyelal gtalk could be removed by suction (the method used by Hogben),
but 4t 4s doubtful vhether the ventral lobe of skate or dogfish could
be removed by that methed.

(b) _chromatophovotrophie activity.

Inndstron and Bard (1932) reported the first attempt at hypophy:
soeotomy in olasmobwanchs, vorking on Matelns candg, they showed
that the nouroe-intormediate lobe controls chromatophore expansion,
However, no attempt was made te remove the ventral lobe. The suthors'
asgumption that 4t was removed along with the neuro-intermediste lobe
fe not valdd (eee p. 54 et seq).

The work of Iundstrom and Bard appears to have quickened interest
in the physiology of the elasmobranch pituitery, for the following
decade produced a mmber of papors on the subject., All subsequent
attempte ot hypophysectomy wewre based on the techmicue of these two
workors, btut, with the poseible exception of Vivien's work, none of
the eporetions appears to have included ventral lobectomy.

Varing (1935) dnvestigated pituitary control of the chromato:
rphores in J. candcula. e conclnded that melanophore expenslon is
caused by a water-soluble hormone produced by the neuro-intermediate
lobey the mochaniem for contraction is nmot o cloar: "1t appears that
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the anterfcr (rostral) lobe in Soylllum i certainly involved in
the control of melanophore contraction, bt 1t seems thoat the welght
of ovidence 12 agninet this control holng exercised by the production
- of a contracting hormone”,

In a later paper Yaring (1936) tried to standardise the melanoe
:phovo~oupanding rotenoy of the dogfish pituitary against that of
comarelial "pltressin” and fyog plimdtery cxtract. Hic attenmpt met
with only 14mited success, 1Tn o sories of subsequent papers (Vardng,
1972 Wering, Lendovebo and Drucey 19423 Vardng, 1942) Waring end eoe
vorkors afded 1ittle to his eardier work on chwomstophore controls
They brought forward some ovidenco for the production of a chromatos
ohorewcontivacting hormone by the rostral lobe, Wt this ovidenco 4
no more than sugrective,

vken (1936) worked on chromatophore control in a muber of
elagmobranchs, She found thet nolther scetion of spinel nerves now
electricel stimlstion had any offoot on the chrematophores. On the
other hand 1igetion of the aorte hed a marked offeet. Iy regults
support the viow thet the chromatophores are under hormonal control.

Hoghen (1936) investigeted chromatophore funetion after hynmephy:
tnoctony in soworal specles of ckate and dopfish, o confirmed thet
the nawo~intermediste lobe 1o regponasible for chromatophore expanglon,
and his vork shous that pressor or oxytecic factors are not respongible
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for thie offect. He notod that the pellor regponse is sholished
wvhen the rogtrel lobe alone iz removed,

Lewis and Putcher (1936b) assayed extrects of elasmotwanch pit:
sultary for the chrometophoroeempanding factor. The extracts vere
injectod imto "hleashed frops”; those prepared from the pars intermedia
eauged darkondng of the frogs. xtraets prepared from the pars digtel:
+1p of the rostral lobe also causcd derkening, twt aextroets of the
other lobes tosted Ald not.

Lewla (1936) wae able to grow colle firon verious parte of the
celachian pltuitary 4n tlcoue culture, She found that extracts pres
tpared fvon culturcs of the nars ddatalie and tho pare internedie
couped derkening when infocted into hleached frops.

Parker (1937) dlscussed tho results of previcus work on chromator
iphore control in olasmobranchs end roported the results of further
vork., He apreed with othor workora thet plgment dlspersal (chromats
rophore axpaneion) 1o ceused by & substance produced in the nouroe
intormediate lode of the pltultary,

tn the subject of pigment concentration (chromstophore contracts
tion) Parker gpmears to hold the wileow that three separate mechenisme
have beon ovolved smong elasmobranche: direct nervems control, found
in Mpatolugs & concentrating hormone produced by the restrel lobe of
the pltultery, found in Sovlicrbinue end others; and move absence of
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an cxpanding faetor, found in Jada opinageg. Parker would have boen
Mwﬁmmhdlm%t&oﬂdmedmmmw‘ﬂn
stetement on the mechanism of chromatophore contraction in elasmobrenchs.

wwanouits (1939) reviewed previous wark en pituitery control of
the chromstophores and reported the results of further work, MWs
eaporimental work ineluded hypophyscctonmy (totsl and partisl), scotien
of She optic nerves, and btrein leclons in [ugtelus eanisge e confirm
tad thal the nourc-intermediaste lobe is regponaibdle for chromatorhore
expanglon, Ho also found Ghst the chrometophores do not respond
dirvectly to 1ight, en? thet rostral lobectomy remlts in loss of the
white background regpongse, 2 the last point hils work contradiste
that of Parker (1937); who stated that rostral lobsctomy in this
spociog @1d not affoct the colour response., Awanowites further de:
sronstrated thet cortaln superficlsl leslons of the hypothalarus,
guch e could ocour in vostral loboctomy, alsoregult in loss of the
white backpround rosponse, He argued that the result of rostrel
lobootomy could be explained by postulating interruption of the machans
tdam Lohibiting scorction by the pars intcrmedin. He concluded 4n
Lavour of the "unlhormonal theory”, according to which centraction &s
due o dimdmutlon or cegration of iutemlm seevotion by the pars
inbermodia.

Parker (1942) reviewsd tho work on chrometophore control in clas:
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smobranche, lds review 1s somewhat Diaged in favour of nervous
contwol for which there is no adequate ovidenco, and sheds mo further
1ight on the role of the pitultary in chwonatophore control.

(c) Zisbetogenic activity,

Orias (1932) found that pancrestectomy cesused a diadbetic condits
sion in jugtelnag canlss this wes alleviated by hypophysectomy, but
hypophysectony alone dld not slter the blood sugar level,

iwamovita, Misaw, Docttiger and Pepandree (1940) confirmed the
finding of ‘rlas {1932) that hypophysectony will alleviate pencreatis
dighotes ia M. cundg. They produced evidence thet the rostral lobe
is rosponsible for this offect, and that the "dlabetoganic hormone®
is not identicel with iatermedin,

(d) Conadotrophic activity,

Creager and Corbman (1939) sesayed tho pltuitery of Couglus
Bugklazd for gonadotrophic activity. They foun? that "doses" of
four Bo vlxtoen pltuitarics had no offeet on Jang miniens, ™t cive
no further detalls.

Vivien (194C) publlched some bmltminwy regulte on the offocts
of hypophyscctony in Soplloghims canicula. Txproseing genad wolght
a9 a {rsction of the total welight of the fich, he presonted a 1ist of
figwres which showod a progrocsive decreesse in goned welght following
hypophysectony. His bosgt post-operetive survivel perlods were 300
days (mele) and 306 days (female).

oA e
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in the following year (Viviea, 1941) the same worker published
a lengthy treatise on his work, This papor leaves much to be desired,
but the resulis are of sufficient importance to be worth eareful
attentdon.

According to Vivien, hypophysectomy u\%(n pubertal developmont /-
in the young dogfishs in mature fish it causes involution of the
gonade. The letter 46 a slow process, requiring at least two months
before the symptoms becomo clear. Pitultary oxtrects and impleunte
cauge regumption of genital sctivity durdng the resting period of the
sexual cyele, which shows a reproductive phase from February to Julys
however, in the female treatment must be edministered near to the time
whon genital sectivity would normally be resumed. Mammalian pituitary
extreots give slmilar results, but very large doses are required: about
two hundred to three hundred times the weight of fish pitultary material
required. Vivien wrote this papor while a prisonsr of war in Germany.
It appoars to have been written from memory, since he mentioned the
total degtruction of his documents end materigl by enemy action.
while sympathieing with the circumstences under which Vivien wrote,
1t pecms advisable to awalt further evidence before accepting his
conclusions,

The work of Carlisle (1954) may be mentioned here, since it bears
on the subjeet of goned contywl in slagmobranchs. Carlisle injected




(37)

mermmalisn gomedotrophie properations into starved male dogiish (spocles
not ctated). Mg findings suggost that chorilonic gonadotropbin, lactor
sgorde hormone end "Preephysen” {antericr pituitary gonadotrophin) ave
capable of meinteining spermatogenesis.

Carligle's eriterion of spermatogenic activity was presence of
gperm 1n the elogeal fluld after stroking of the abldomen. This tech:
snioue hag long beon used at the Catty, with very uncertaln resulla
with S, caniouln 1t has boan found that sueh steoking may ¢r way nob
ommne dlgchorpe of sperm, rogardicss of whether or not the animals are
fol., Toreover, olnee a negative regult could not cstabligh the ehsence
of spermatoroa, 1t soems sdvisable to treat these findings with some
rYeaerve. . |

Wtoechl (1955) assayed the olasmobranch pituitary for gonadotrophie
activity., Mo found that the "gherk” pituitary gave both folliclew
etimlabing (7SH) and Juteinising (LH) rcactions, The 780 agsay ves
bese?! on vaglnal cormdficatlion in rats, and the incemplote apsay date
given shoug that 50 mg. pltultery neterial s largar than the "und®
dose". Tho LH ageay was based on feather reaction of She veaver finch,
and 3 ne, pltuitery meterial olicitod the usit resction,

Moow and Albert, in a porsonal commmication quoted by Dodd (1958),

stated thet in Ingtelne conde oveletion iv suppressed by hypophyscctony,
but it can be ro-initisted by imlanting pltnitary glands of tho came
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specdogs They reported that in this gpecies the corpora lutes are
not dependent on the presence of the pltuitsry for thelr formation
or malntenanco, and thet the fMrst three months of gostation are
alse independent of pituitary influenceg on the lsst point their
ochservations Md not cover the romalning oight ronths of gostation,
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it has not boon demonstrated that in olasmobranchs She thyroid
is undor pituitery comtrol., Varing ot al. (1942) found that a nmonth
after hypophysoctony the thyrold of g, candoula shows no change.
Oliveresu (1950) treated Sovilium shollgre and S. gandoula vith various
tgoltrogons’, ut woe ungble to detuct any significant histelogical
effoot on the thyrolde. DBoth workers sugpested that the olagnobranch
thyrold might not be under pituitary control. Waring wentioned an:
rother posslbdlityr that thgrold involution wmight be a slower process
in olagmobwanchs than in other vertelrates. Oliveream put forward o
third possibllity: after reporting thet olaesmobranch pituitary extrect
will result in thyrodd hyperactivity when imjected into dogfish, she
suggoested that tho elasmobwanch pltultary might be fnogpable of reacts
1ing owiftly %o changes in the emount of thyroid hormone in oireulation,
The beief report by Oliverom: (1950), on the offect of pituitary
extracty ie tho only evidence for the existence of a thyrotrophie
hormone in clesmobranchs, In the face of the negative results mention:
tod above, furbther ovidence is clearly desirable. Iypophysectony wee
expocted to provide such ovidence; however, the posteoperative survival
pordods mwst be sufficiently long for any offect on the thyroid to bo:r
teome cloar, or for the absonce of offect to be placed beyond question.




Diroct cvidence for pltultary control of tho genedp in olagmo:
ttranchs in farmdohed by Vivien (1940, 1941) ond By Mosew an? Albewd
(Podd, 1955). Thelr vork supports the viow that the ponade are undes
pltedtary controly, but that of Tivien &5 open $0 severe criticisn, and
that of Mesv and Albort roveals merked Mfferences botwoen the type of
contpel found in mormals and that in olagmobranchg,

The elasmobranch pltultary hes boen agsseyod for ponadotrorhie
activity on other vertchrotes (Creaser & forbman, 1939; 'Mtsehi, 1955),
tut the resulte are conflicting, Coarlisle (1954) found thet mammalien
goradotrophic preparations will emse spermistion when injectod inte
melo dogfish, tut Carligle'’s sssay 1o busod on en oboervation that 4p
not supported by our own work (see roview of Mtersture),

Thus, there 45 gsome ovidence, both Mroct an? iadirect, for pite
sultary comtrol of the gonads in olasmobrenchs, bt mch of this cvidence
fc unsatisfactory., Two aspects of the mubject wore solocted for atten:
stion: 1t was decided to ro-investigate the effects of W pophyscotomy
on the tootln, and to dotorming which lobe (or lobes) of the pituitery
4o regponaible for gonadotwonhic activity,

roczaime.
™s programe tharefare covers two rrofects: (a) an investigation
of the thyrotrophie, and (b) an investigation of the ponadotwephic
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gotivitics of o clagwobranch pituitary. Doth projects are based

%
/ méwpq)hyswww. aikd thoe eame fish were used fow both investiga:
ttions.
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This work was carrled ont on the dopfish Scyliorhimus canlanla L.
Yoot of the figh wore muplied by the Millpert Mapine Blological
Sbotlon; on- conslgnment usp wecelved fwom the Port Trin Marine Biolog:
sical Station, Iele of Yen,

The fgh rocolved fyom Millrort wore usually digpatched in "live
eang” by forry and rall, The trin required twslve to twenty four hours,
and cach 1ive can contalned sbout siwty litres of water on arrivel at
Ste Androvs. T8 wan foun? that the ortimm mumber of figh that could
be transported in thils vay wes four to cech ean,

tne of the live oong wos eventually fitted with a bwacket to carry
@ emell ovypen ovlinder, The oxyren was fod as a fesble job o a
MfPusor, throush vhich 4% passed to the water. AfSer this method of
oxypenation vas adopted theve wero fowor deaths in traneit, end the fish
appoarod In botter coniition on arrival.

On two oscaslons larme consipmments of fish were recoived fyrom
Millport., The figh vere teamenorted by boat to the mainland in open
batha, and wers then trangfesred to similer boths mounted on a lowry ond
oquipped with an oxygen supply. The journey took about nine hours, and
met of the fMeh arrived 1n prod conditifon,

The Tah recelved fron Milport were operated on ot the Gatty after
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8 perlcd of acelimstimation (1 « 2 weoks) in the sonardum tanke,
The eoncipmment pacoived from Port "rin consisted of figh which had
been oporatod on bofors leaving the Tsgle of Man, These fish trevelled
to 56, Androus By alr and lorry.  foration on the journey wee provided
by air pump and oxygen. OF gixty Maoh widch made the Jonrney, two
wore doad on arlval.

tertaln tontotive conclupions may bo drewn fpom thic expericnce 4n
transporting 1ive donfMahe 16 1n gpmavent thet Sovliophinpa travels well
wnder contiong thot must invelve some gtress. Casualtiecs tend to bo
fower in vimtor then in summers prosuably o louwse mtabolis rate in
vimber roquires smaller supplien of oxypen, There 4s reason to think
that soretion helps hyr removing some of the mucons that acoumlates in
the waters the mcous 1o Mwonght to the mwface by bubbles, and tonde
to form a surface froth., Tach “gh seome to recuire sbout fifteen
1itrog of wabery with lops they show signs of strees.
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HUSBANDRY.
Jouardun facdlitiog.

The fishwero kept in large indoor tanks, oasch with a cepacity
of about two cublec metres., Vivien (1941) found they lived well when
kept ten or fifteen to two or three cuble metres of water. The
conditione at the Catty were simllar, with about fifteen fish %o two
cuble metros. The tanks were well acrated, and a supply of fresh
mWwao@mddu. The water temperature varied
fron about 6° C, in winter to about 12° C, in summer (see graph, fig.
3 &)

Logddng.

Eroblong gnoountczade In oarly attempte at feeding the fish
vere offered lugworm, which was placed in the tanks once or twice
weekly, A fow fish were soon to take the lugworm, but it soon became
apparent that moet were not cating, Mortallity was high among both
operated and unoperated fish, lost deaths ccourred within two months
of their arrival ot the laboratory. Poot mortenm cxaminations reveal:
ted lose of wolght in all cagos, and the stomachs were usually found
to be empty., It became evident that, 1f survival periods of the
ordor of a yoar (pee Vivien, 1941) were to be achioved, a more success:
sful mothod of feeding would have to be devised.

Revigu of the ltoratuxe. The naturel diet of Z. conloula is
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Fig. 3.

4. Water temperatures in aquarium. Monthly averages for
peri.od JMQ, 1955’ to mso’ 1956.

B. Syringes used in forcee~feeding. 'Ortho' syringe above
and icing syringe below.

C. Force-feeding procedure, showing ortho syringe being
inserted into stomach.
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known, Ford (1920) and fales (1949) examined the stomach contents
of a large mumboer of specimens, and rocorded the presence of various
specieos of figh, crustecea and molluscs. However, there are con:
1flioting reports on the feoding habits of this epecies under labor:
tatory comditions.

Waring (1935) offered hie fish horring and "coal fish", and the
use of herring was agein reported by Vering et al. (1942). The food
wae placed in the aquarium Sanks, and its acceptancoe by the dogfish
is implied 4in both papers.

Vivien (1941) stated that in captivity S, canicula will not feed
of their own accord, even vhen presented with thelr usual diet of
wvhelk, crab, ete. lio had to uso, both on controls and on hypophy:
socctomised figh, & method of force-feeding which required a glass
tube fitted with a plungers Tho tube was filled with a mixture of
vhelk, patella and craob, inserted into the stomech, and the foed
ojected Ly meens of the plunger, Each fish roceived 50 « 60 ec, of
this mixture per week. Vivien recorded post-operative survival
periode of more than a year.

Matty (1954) carriod out thyrcddectomy on Ss ganioula, and
reported that within a few days of the operation "all the operated
animals begen to feed upon strips of fregh squid muscle”, MNatty
obtained post-operative suwrvival periods of "at least soventy two
daye". This appears to be the only case in vhich $. caniculs i
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caplieitly resorded as taking food of ite oun accord in egptivity.

This review of the litersture indicsted that Soylicrhinus
could be induced to take food, provided the right diet wes offered.
Hebty's dict of fresh squid muecle goemed to be favoured, but fregh
squid are oot reedily avallaeble at the Gatty. It was thercfore de:
seided to offer the fish a wide chodce of food, including the items
most fpequently mentioned in the litersture.

sccordingly, the fish wero offered molluses (whelk, limpet,
mgeel, cockle), crustacea (creb, prewn) end fish (cod, herring).
The results wore as before: a fow fish were soen to take the food,
btut mortality contimed to be high, and the evidence indicated that
most were not eating. This finding hae since been confirmed by
Lowengtein (personal commnication), who hae reported that in his
experionce S, condoih does not feed conslstently after surgical pro:
tcoduresy he hos had to discontimue experiments involving operated
figh, eince thoy usually dled of inanition before they vere ready for

use,

Dorcp-focding. After mmeorous sbttempts, a method of forcoe
fooding was devised, based on that of Vivien, The gpparactus adopted
wag a plastic prophylactic syringe of about 1 em. internal dlameter
and 14 oms long. Thege are syringes of a standard slze, produced by
the Ortho Pharnaceutical Itd.; the barrel ie of uniform bore through:
tout its length and a Mtted ploton traverses ite entire longth., The
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capacity is 6 gm. of mimced howrring.

The "ortho syringe” is used in the sane vay as Vivien's glass
tube: the tip ie inocerted past the cardiac gphincter into the stomach
and the contents ejected by means of the piston (fige 3 C)s The
food materiel must be delivered into the stomachy if placed in the
ocsophagus 1% is regurgitated.

Filling the ortho syringe with food material presented a problem.
it firet the finely-minced food was pecked into the barrel by hands
this proved a long and lsborious process. The problem was eventually
solved by ueing a confectioner's icing syringe. The latter can be
fitted with nousleg of various shapes; for our purpose a rounded
nosgle was sclocted and cut short so as to give an aperture of 1 om.
diameter. Vhen this syringe was charged with minced food material
1t proved capable of expregsing a "Jot" of the required diameter.
The aperture was then held up against the tip of the ertho syringe
and a Jot of food material injected into the latter,

This combination of ortho eyringe for forceefeeding and icing
syringe for charging the ortho proved very effective., Filling the
ficing syringe presents no difficultys the barrel is large and holds
enough at one charging to fill fifteen orthos. The two syringes are
shown in fig. 3 B,

Jehks In dociding upon the diet, it was noecessary to conslder
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vhother the proposod food was soceptable to the figh, i.e, whother
1% formed part of the natursl dlet, and vhether 1t wes readily
avallable. A survey of the lterature showe that herring is mention:
:edhymtuuhuacitiam&edhwi‘udw?duuam
congtituent of the stomach contents, end it was used by Wering (1935)
and by Waring et als (1942), It 4o olso avallableo at Sb. Androws
throughout the yoar, Herring was therofore adopted as the article
of dlety 1t mst bo finoly minced for use in the syringes.
It was found that six
"ortho” syringos (36 g, herring) comfortably filled the stomach of an
adult dogfish, Two days after foeding the stomach contents had been
reduced to a fluld-like chyle, and four days after feoding the stomach
was usvally empty. It therefore appeared thet the fish should have
beon forcoefed about every fifth day. lHowever, the adverse effects
of handling had to be considereds 1t was thought advissble to reduce
this to a minimm, Dogfish struggle violently when handled, and
there 1g somo ovidence that mortality riscs with excessive handling,
1t vas therefore decided to force=foed once weckly.
Ademegy of diet. T™perionce has shown thet thirty six g.
herring per week will maintain an adult dogfish in good condition.
‘ome exporimental fish show a loss of weight, ut othors record a
gain, and 4t secems falr to conclude that the diet is adequate.
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It 1o worth noting that the only fish to give survival poriods of
the arder of a yoar ware those that hal boon eonsistontly forcow=fod.
0ne suoh fonale (oontwol) hos murvivodfoporation ywmm /
qimwmummwmwmmammmwum
ovidence thot the dlet used was capable of mainteining roproductive
activity,

Forco=fooding has an obvious advanbagoe: 1t cnsures that all the
experimontal andmals got the same amoen® of foods I8 follows that
any inanition offecte could be expocted to gppesr - 47 ob oll « 4n
controls ap well ap hypephyscotamlined figh.




The oporations porformod ware total hypophywoctomics, partial
hypophyecetormdeos and conteel gperations. In tho latter the proced:
wuze was identical to thot used for hypophysectony, ut the pltuit:
sarfos wore loft in sltu.

Oer the poelod covered by this regoarch a total of two lundred
anl forty cuch oporations wore carriod outs The romulte roported
hero were obbainod fpom soventy one fish (58, 13 ). A further ten
meummmmnmmemw'mmnm
monthe after operetion and will be used to supplement the results
roported here for purposes of publication.

of the seventy one figh on which this report 1o based, thirty
one were dissected post-tortem; thoee are indicatod in the dppendix,
The latter wore dlssected tmmodiately after death, end in no case did
the thyroids or testes show eny histological characteristica that
could be attributod to moribundity or histolysis. However it was
considerod advisable to uso such material with caution. The cone
relusions roached in this thesis are therefore based on those fish
that wore alive ot dlsgection, with supporting evidence provided by
the post-mortem material.

Lxhen.of the Litonatung.
Hypophysectomy has been carried out on elasmobranchs, with
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varying degroos of success, by a mmbor of workerg: lundstom and
Bard (1932), Orias (2932), Hogben (1936), Wering (1935, 1937),
Abramowits and cowworkeros (1940) and Vivien (1941),

The rostral and nouro-intermsdiste lobes were removed oither by
foreepe or by suction, after cutting a window in tho cartilaginous
floow of the cranfum, On the othor hand there appears to be no
agreoment as to how the ventrel lobe should be deslt withy indeed,
there appears to bo gome confusion on the morphology of the ventral
lobe (ef, Hogben, 1936; varing, 1935, 1938; Vivien 1941).

Lundetyron and Bard (1932) carciod out "complete” and partial
hypophysectonies on Mighelug candg, tut state that "tho ventral lobe
¢ » « » has not been teken into separcte acoount in owr oxperiments”.
Orias,(1932), vorking on the same spocies, used the technique of
Iundstrom and fard. It can bo taken that nono of these workers
succeoded in removing tho ventyral lobe,

Hogbon (1936) operated on geveral specles of sghote end two species
of dogfish, including S, ocanlcula. He was aware that in the dogfish the
ventral lobe is embedded in the floor of the eraniumy but vas clearly
uncertain as to ita morphology 4in the skate (see review, p.30), It
1s very doubtful whother his method of ventral loboctomy, imvolving
suction, could have been effoctive in removing this lobe, either in
skate or dogfish.
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Wardng (1935) cerried out hypovhysedtomy on S. candeulgs ™t his
uncertainty with regard to the vemtral lobe s reflocted in the sbate:
smont thot "In all operations the vontral lobe wae pregumsbly sovered
or removed”,

In o loter paper Wering (1932) reported a muwbor of operations on
SeCondouda ond Smedug gcaubidage  According to Werdng "The ventral
lobe arigses from the nouro-intermediate lobe at 1ts function with the
pars antorior (rostral lobe). In Bafa 4t 4o free". Helther of
thoge sbatements i corroet. lHowewer, ho correctly described the
ventral lobe of dogfich as attached to the floor of the cramfum. IHe
alpo gbated that when removing tho ventyal lobe in dogfish the cartil:
tage inciglons met bo carried far baclwerd, severing the carotolds
and inter-orbital vessel; from this it may be infarred that hic method
of ventral loboctomy involved cutting out the block of cartilape
containing this lobe,

iwerovites, fHlsaw, Boottiger and Papandrea (1940) working on
lugtalus cagls, 444 not atterpt to remove tho ventral lobe, Vivien
(1941) performed hypephysoctony on . gandculg, end checked his work
by histological seotions of the pltultary reglon after dissection,
However, Vivien's sketoh of a segittal seotion through the pitultery
vogion is incorrect 4in several points, and 1t is difficult to ooe how
he could have removed the ventpal lobe by the mothed he described
(using euction).
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dhe Yentral, lohg.

In Scvlicrhdzug the ventral lobe 1o flmly ombedded 4n the tough
comeetive tissue endoorandum (Mg, 4 Py C)e It lles Just anterior
to the inter«orbital ridge of cartilage. The inteorworbital vein lies
wvithin the inter-orbital ridge, and is separated from the ventral lobe
by a thin lamina of cartilage, Immediately beneath the ventral lobe
lio the ondoeranial portions of the intornal carotid arterice.

Inspection of fig. 4 sugpests that there 4s 1ittle chance of
discooting out the ventral lobe without sovere damage to the nedghbours
ting blood vessele. Thisisbornme cut by the work of "aumgartner (1915),
de Beer (1926), and by our own oxperiencej even under the ideal condit:
tione of routine disscction it proved almost irposeible to remove the
ventral lobe without danage to the adjacent bloocd-vessels. loreover,
theoge attampts at dissection conwinced us that the ventral lobe could
not be romoved hy suction: 1t is necessary to use forceps to tear the
tough conneotive tissue in vhich it 45 ombedded,

The problem presented by the ventral lobe becomes mch more acute
vhon operating on live dogfish, The incisions in the cartilepe mst
not be carried o far back ss to damage the carotide end intor-orbital
veing thie moans that tho attoept on the ventral lobe mst bo mede
through a vindow in the cartilage located anterior to the lobe (fig.
5 D)s The site of the ventral lobe is mot exposed to view, and 1t
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Eigada
Salanicula. Relationship between pituitary and floor of
cranfun,

4 Diagren of floor of cramium as seen from sbovey anterior to the
right. mmm(mwudm-)
immediately dorsal to 'a' and 'b',

of ttal section flocr of
MW sec through cranium,

Ce rmdptuwymmumum with part
cranlun cut awvay. Bhdmul.h{oﬁdﬁlmtom
mtu (b) lying below ventral lobe (

a. Point at vhich simue cophalicus emerpges from cartilage to branch
right and loft within the connectivestissue endocranium,

be. Endocranial portions of internal carotids (carotid anastomogls of
Norris, 1941).

c artery,

. epibranchial
d. Posterior cerelwal artery.
e, MHedian corelwal arterv,
8 ve tissue endocranium,
he Inter-crbitel ridge.
ke Inter-orbital vein,

m, Ventral lobe of pitultary.

n. Mucous menbrane of roof of mouth,
o« Optic nerve.

pe Internal carotid before entering cartilage.
8. Seccus vasculosus.

t. fHeuro-intermediate lobe of pituiltary.

v. lostral lobe of pituitary.
xs Orbit of oye.
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B

As Roof of mouth, (a) !lewkﬁﬂmmm
(e) ineisgion in mocous membrane.

Be Roof of mouth after surface of cartilage « (a) Internal
carotidey (b) reglon ed by ventral lode of pituitary and
endoer portion of internal carotids; (d) Ineision in

cartilago.

Ce Dorsal view of floor of cranfum, sntorior to the right « (¢) Intere
orbital ridges (f) inter-orbital vein; (g) endoeramial portion of
faternal carotidey (h) reglon ocoupilod by ventpal lobe of ‘
pituitary; (k) optic nerves,

Ds Sagittal section through floor of cranium, antericr to the right,
Cartilage ap deflboted; sockey gbout to be to ventyal
lobe region. (a) Internal carotide before cartilage;
(g) ondocranial portion of internal carotids, The sime
cephalicus 4o shown comnecting (a) end (g)j (e) Inter-orbital

ridge; (f) dinter-orbital veing (h) ventral lobe of pitultary.
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follous that any attempt at dissoction would have to be carried out
"4n tho dark", and from a difficult anglo, TUnder these conditions
dissection was mled out as impracticable.

The posgibllity of cutting out the block of cartilage contalning
the ventral lobe was considered, and in a fow cases this was actuvally
dono, but most of these figh died within three weoks, and nome survived
more then twe months, Moreover this technique 18 of questionable
validity, since destruction of the carotids mset disrupt to some extent
the blood suapoly to the bYwaln and pltuitary.

There remained one alternative: dostruction of the ventral lodbe in
gitu, This was the technique used on all our experimental figh, with
the few exceptions mentioned above, Wﬁmmwmw
secker and by clectric cautery.

SEQCQINRG

Abacatbogic. In the carly otages of this work the fish were
anacsthetised with an aleoholie solution of 'chloretone' (10 ge in 100
nl, of 99 alcohol), This sclution wes added to the sea webter bath in
the proportion of one part to ninety nine parts sea water (Young, 1933).

This anamecsthetic did not prove entirely satisfactory. Poste
operative mortality was high, and there vas some indicaeticn thet the
anacathetic was one of the factors lmwolved. Fostwmortem exardnation
of thope fish which succumbed within a fow weeks of the operation

Pr—
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revealed a peculiar oedematous condition in many: the peritoneum lining
the dorsal body wall in the region of the kidneys wes distended with
fluld, This condition was found in both hypophyscetomised and contyol
fish, and 1t ves thought thet the anacsthetic might have been rosponss
tible,

It is intercsting to mote that the skin of Joyllophimug is extremo:
tly sensitive to alechol, This was reported by FeuretIremiet (1942)
and confirmed at the Catty. “mall amounts of aloohol will cause extens:
tive dermal necrosie if used as an antigeptic agent, It scoms possible
that the alcoholie content of the anaesthotic bath could have damaged
the gills, fuch demage might well have cauged failure of the osmores
:gulatory nmechanism, resulting in the oedematous condition mentioned
above,

Chloretone was eventually abandoned in favour of 'urethene' (see
Hogbon, 19363 Matty, 1954). The urethene crystals are dissolved 4in a
sea water bath (1 g in 100 ml,) cquipped with an eeration tube., The
fish are placed in the bath t11l1 al) movement coases; the time required
for this veriecs fron twelve to twenty mimutes,

This method of anscsthetioation has proved satisfuotory. Reapir:
tetory movements recommence almost immodistely after the fish are retura:
tod to thelr tanks, wherces with chloretone some time usually elapsed
before thoy reappeared, Mucous doos not acoumlate in the bath to the
same oxtent as with chloretone, and there has been no reecurrence of the
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oedematous condition noted when chloretone was useds

Post-operative mortality has been noticeebly lower gince urethane
wos odopted as ensesthotic. There sre other factors (e.ge. improved
foeoding tochnique) which might account for this reduced mortality, btut
it seemp probable that the change of anacgthetie was one of the factors
involved.

Eralimingry procedurg. Ilundetrom and Bard (1932) meinteined a
flou of see water over the gills vhile operating on claesmolranchs, but
Waring (1935) held that a reepiretory current is unnecessary. Our own
vork cupports that view. On occasion we have had dogfigh on the oper:
sating table for as long as forty mimutos; respiratory movements re:
tcommenced ag usual, shortly ofter the fish were replaced in the tanks,
and we were unable to detect any subsequent 111 effects. Since the
normal operating time 48 about ten mimutes and maintenance of a respir:
ratory current would further commlicate the procedure, we decided againgt
this refinement, For similar reapone it was decided not to operate
under wator, :

4n operating board wes roughly padded to the shape of the figh and
covered with chamols loather. After being removed from the anaesthebic
bath the fish 41s placed ventral side uppermost on the board and strapped
tn position by means of a pelr of belts. The latter were equipped
with sliding buckles for casy adjustment; one is placed Juet posteriar
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to the cloaca and the other scrcss the pectoral fins,

Tho lower Jaw 1 then hold open and back by a retractor, exposing
the roof of the mouth, At this point the internal csrotid erteries
can bo goon through the micous membrane covering the roof of the
mouthi, These arterice aro closely associated with the ventral lobe
of the pituitary, and a btrief description iz in ovder.

dbe dotcenel corotdd avtexicge The intemal cerotide arise from
the hyoldean epibranchial erterics. The latter run forward from the
Mret glll clefte and divide, noar the gpiracles, to form the stepediale
and internal carotids (0'Donoghe and Abbott, 1922), The stepedials
contimue forwards the intermal carotide tuen toward the midline and run
acroes the rcof of the mouth from right and left; in the midline they
fuse to form the ghort "simus cephalicus” which enters the base of the
eranfun by o foramen in the cartilege. This foramen is an important
londmark in hypophysectony, and will be referred to sgaln later.

Aftor penetrating the cartilege the simms cephalicus separates
inte twc vessels which constitute the endocranial portions of the
intornal carotides, These two vessles run right and left within the
connective tlgme endocranium; thoy are located irmedistely dbeneath
the ventral lobe of the pltultary (figs, 4 4 « C). On reaching the
lateral wall of the cranfum, each internal carotid 1s joined by @
spiracular epilranchial arterys &t then turns forward and emerges
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fyom the comocetive tissue endocraniuvm into the orenial cavity, vhere
4t dividea to form the cerehbral arteries,

The iscigiong. After exmposing the roof of tho mouth a medien
longitudinel incision 1s made in the micous membrane. Immediately
bonoath the lotter there is an extensive blood sime vhich sometimos
bleods profusely.

iftor moking the incislon the edgee of the mcous membrane are
pulled aside, the wound 1s swabbed $111 bleedins stops, and the comns
seetdve tissue cleared from the eartilage. Py this time the erotids
will have boen exposed,

The next stepistoeut a flap of cartilage frem the floor of the
cranfumg this flap is retractod to provide a window through which the
pitultery can be reached (fig. 5 D).

The ineiglons in the certilage must be made so as to evold demage
to the ventwal lobe and the associsted blood wessele. (Pemage to the
venteral lobe can only be tolerated in cesos of ventral lobectony or
total hypophyseetomy)s To avold such demage it ip necessary to comm:
senice the inoigions 6 mm, anterior te the foramen by which the simue
cophalicus enters the cartilage (fige. 58, 59). A flap of convenient
sizo 1o about 8 m. Jong by 8 mm. ot 1ts widest polnt, tepering
slightly anterioriy. Vhile malking the incisions it is advisable to
hold the ecalpel at an angle so as to give the flap a bovelled oige.
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This bevelling prevents the flep from slipping inwarde vhen it &g
preased back into position at the end of the operation,

The flap of cartilage 1o then deflected backwards eo ap to roveal
the base of the braln and most of the pltuitary, Direatly unier the
window will bo found the rostral lobe; part of the neuso-intermodate
lobe i1l be visible under the posterior odge.

In comtrel operations the endocranial space deneath the window 48
muumm,mM1xmmw.mmm
merbrane sutureds In the cece of Sotal or partial hypophyscctomiog
the various lobos of the pltultary are dealt with ss followste

(a) Zostzal debegtomy. Tho rostrsl lobe 4e removed with fine
forceps, Jts posterior $ip, lying beneath the neuro-intermodiate
lobe, cannot be seon through the cartilage windows histological sections
eftor dissoction of the fieh often showed that a bit of this portion
had been overlooked,

(b) Emro-intarmediate Joboctomv. The porflon of the neuroe
intarmediate lobe which is visible 18 gripped by fine forceps and
pulled foruard gentlys thie hwings the remainder of the lobe into view,
and gnother palr of forceps is used to tease tho lobe out of position,
It 1¢ not possible to remove the novro-intermediste lobe without con:
tgiderable damage to the sacci vesculosl, so that in wost cases the
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sacel were romoved along with this lobe. On other occasions the
daneged romnant of the sacel was left in position,

(e) Ispbzal Joboctomes The ventral lobe ia first soparated from
the remaginder of the pituitary with a blunt socker. A small sweb of
cotiton wool 45 thon placed over the restral end newro-intermediate
lobos (f.0s on thelr ventral surfaces) so 88 to afford them some pro:
stection during the subsequent oporation,

Doatenotion aith gecker. O curved secker with a blunt tip is
next inserted through the window. The ventpal lobe lies on the
antericr face of the intereorbitel ridge of cartilege, and this ridge
mst bo located with the tip of the geeker, After locating the
ridge of cartilage, its arterior face is rubdded vigerously with the
tip of the sooker (fig. 5 D).

Dogteuchlion with cautory. The procedure here is similar., A
blunt csutery needle, bent to the required shane, 1o used. The ridge
of cartllage 1g located and 1ts anterior face mhhod vith the tip of
the needle.

In both of theose pwrocedures the object 15 to cause maximum demage
to the ventral lobe with minimum denage to the internal carotids end
tho inter-crbital vein., The latter ie protected, to some extent, by
the gurpounding cartilage (fip. 4 B), but the carotids lic 4in e most
vulnerable position immediately bemcath the ventral lobe,

In some operstions there wos a small amount of bleeding, and 1t
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geems probable that in these ceces the ecarotids were Wroken., However
there was no reagon to think thet such slight dsmage could seriously
fmpaiy the blood supply to the wain, On rare occaslone there was
profuse bleeding, so mich so that the operetion hed to be abandcneds

The effoctivencas of the procedures described sbove was checked
by serial soctions of the pituitury reglon after dlssection of the fish,
Remants of these lobes
wero sometimes lof¢ in situ (see Appendix), Ouch remnsnts vere attribs
suted to two factors: (a) blecoding, which frequently cbscured the site
of operation snd made 4% dfficult to bo sure that the whole lobe had
been pemoved, and (b) the fact thsat only the anterior portions of both
lobes could be geen through the window in the floor of the craniumy the
pogterior portions were out of sight, and had to be disseccted "in the
dark",

Jontzal Jobee Ventral lobr:ctoﬁw was attompted in tuenty soven
figh, Twonty two percent of those operations (six fish) resulted in
complete destructlon of the vemtral lobe., In amother oleven percent
(thvee fish) it wes cxtensively duseged; in the rensinder (eixty seven
percent) 1% vas olthor undamaged or damage vas so slight thet the
ventral lobe wae clagesified as "intact”,

Reference to notes made et the time of oporation showed that
drostie measures were necessary to destroy the ventral lobes apparently
the tough comnective tissue of the endocranium efforde considerable
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protection. Cautery is the more offective of the two methods usedp
in all cascec of complete destruction the operation had been carried
out by ecautery.

Cloarly these methods of ventral lobectomy lesve much to be desired,
For future work 1% 1e suggestod that bettor results might be achioved
by a Bechnique vhich does not inwolve entery into the crenizl cavity.
Having axposcd the internal carotids where they crose the roof of the
meurth, a dental burr 1s used to retove the cartilege anterior to the
simng cephalicus, in the region indicated by 'b' ia fg. 58. The
veutral lobe Lo exposed by careful drilling, and can then be removed
partly by dissection and partly by suction,

Preliminary attempte using this method show promise, though bleed:
ring 1s usually severe since come damage to the endocranial porticns of
the intornal carotlids is inevitable., However, recent experiments
frvolving latex injections indicate thet the internmal carotids might
not bo so vital %o the blood system supplying the wrein as hes been
asoumed 4n this work, Such injcctions show that the cerchbral arteries
ean be supplied by the spirgoular epibrsnchisls when the internal cero:
:tlds are blocked or severed., It 1o possible that the volume of blood
dolivered by the spiracular epilranchiale would be inadequate for the
normal roguirements of the braln, but this possiddlity could be covered
by suitable coantrol operations,
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Eogt=opopatdve Iatory.

Aftor operation the fish wore marked with small holes punctured in
the £ing and roturned to the tanks. The inciglon in the mcous membrane
of the roof of the mouth required two to three months to heal, The
sutures remoined in position for a few weeks, but eventually they dis:
tappeareds by that time commective tissue was being laid down between
the mcone membrane and the floor of the eranfum,

AL emporimentel Msh were forve-fod once weekly., Muring the first
fou weeks following oporation the incision vas liable to bleed at fooding,
and care wasc necegsary when insertin~ the ortho syringe into the stomach,

Some of the figh contracted an inflanmetion of the enout end nares.
It was oventually atteributed to their colliding with the walls of the
tanks., Ponleillin ppoved an effective trestment: each Meh vas given e
wookly injection of 40,000 to 120,000 units, derending on the cxtent of
inflamation. The brands used were Distaguaine, Permapen Flus ond
Perddural.

fome of the fish in one tank doveleped a skin infection. The
symptons wore white gpots which inerecasged in mumber end finelly eruptoed
as soreg. Cmears from She latter vere examined under the microscope
but fatled to cotablish the nresonce of fungal hyphae or bacteria.

Ponteillin injections were found to bo ineffoctive agatnst the
infection. One figh wae peinted with & twerty percent solution of
copper sulphate, tut 1t died withia forty cight hours and the treatment
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wag not repegted, Othore vere painted once weekly with strong
golutions of meriflavine or gentian violet, Helther troatment hed
ony marked effect, fowever, the infeetion 414 not spreed to the
other tanka,. en? it 1s possible that 1t was held in check by the sols
rutions uesed,

snepeative Come
(a) Pozalvalg: Tn a few coses the operation warn followed dy parts
tdal poralysis of the fish., ‘uch paralysis ocourred beth in hypophy:
1goctemics and in control operations, and in most cases was accompanied
by loss of ‘righting reaction'. It affected either side of the fish,
which tended to curl in a clrele towards the affected side. Vhen
disturbed 1t gwan in a cirele towards the same side. Jos® of these
fish dfed, but a fow eventually recovered and ropained normal mscular
control.

The cemge of this parslyeie is not apparent. An obwiocus sugpest:
tion is damage $o the braln Auring operetion, but if that suggestion is
valid paralysie should eppear immediately af'ter operstion. fuch s
not the cage: onget of paralysis may occur at any time up to some wooke
after the operation,

(b) Infectdon of uaind. Tn a fou floh the inciston in the roof of
the mouth became infeeted, The mcous membrane bhecame tumid and ims
1flamed, ond in pevere casee there wes loss of righting reasctien,
Ponielllin treotment proved effeotive. losage was as deseribed above
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for cascs of snout inflammation. In most cases all signe of infeetion
Bad dlsappeared after three woeks of troatment,
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LLTHQRS
leckehta.
At disgeection the body weights and thyroid weights were recorded,
The male gonad welghte were also recorded, both testos and the attached
epigonal tissue being welighed together. The thyroid end gonad veights
wore related to size of the fish end expressed as a fraction of the
body wedght.
ddatelomy.
The pituitary, thyroid and testes were fixed for histological
study., The standard fixative used was Bouin's fluid, In the case of
the testes both Bouin and Senfelice were usedy the latter gave better
micloar fixation then Douin, and proved helpful wvhen studying the varicue
gtages of maturetion, The tissues were emboedded in paraffin wex and
troated as followste
itudtgrys Sections cut at 7+ and 10V stained with Hoidenhain's or
“hrlich's hacmatoxyling counterstained with cosin or
light groen.

Jhyzodd. Sectione cut at 4, 6, 8, 10 and 204 stained with
Heldenhain'e haematoxylin, Fhrlich's hacmatoxylin or
Mayer's hacmalum; countercsteined with eosin or light green,
Asan and Mallory were also used on occasion,

legtes. Sgotions cut at 4, 6 and 8 stained with Heldenhain's
haematoxylin and eosin.
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The pituitary region was removed by the following technique: Two
longitudinel and two transverse incisions wore made in the head so as
to out out a block of tissue including the cranium. The longitudinal
inoisions passed through the imner edge of each orbit, and extended
anteriorly and posteriorly until they met the transverse inclsions,
The anterdior trangverse ineigion wap mede in line with the anterior
tipe of the eyess the postericr trangverse incision was made in line
with the posterior tips of the spiracles.

The incislons were extended downward from the dorsal surface to
the roof of the mowth, The block of tissue so cut out was placed in
fixative for at least twenty four hours, Fach block was then trang:
tforred to acid alecohol for decaleification of the cartilage. The
decaleifying fluid used was a 4 solution of nitric acid in 707 alecohol:
about a week wae required for complete decalcification.

After decaloification the block of tiscue wes washed in tap water
and trimmed so es to remove mogt of the cartilege and brain, The
triming process removed all tigsuc anterior to the optic chiasma and
posterior to the inter-orbital ridge. The lateral wall of cartilage
was then cut away on ono side of the cranium; this latter inclsion re:
tquired spome care, since the neuro-intermediate and ventral lobes of
the pituitary extend almost to the lateral wall, The remainder of the
block contained part of the brain, the pituitary, and part of the
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eranfum floor, The block was then dehydrated and embedded in paraffin
wax in the usual manner,

ifter cmbedding, the block was soctioned longitudinally, commencing
at the side from which the lateral wall had boon removed, The seections
were out at 7 « 10p and usually overy fifteenth section wes mounted,
The latter rule wee not invarieble: with some practice it became poss:
1ible to detect "remmants” (see below) of the various pituitary lobes
vhile cutting, end cere was taken to mount those soctions containing
the largest arcas of such remnants. This wes helpful vhen later asecss:
ting the pize of the remmante.

A perpistent difficulty was encountered when mounting the sections,
The problem was wrinkling of the cartilege, which often caused locel
distortion of the section, This wrinkling was never eliminsted alto:
1gother, although 4t was considerably reduced by careful trimming of
the cartilage before impregnating with wax,

This problem could have been solved by celloidin-embodding, but it
waes considered that the resmult would not have justified the extra time
and effort involved, The paraffin wax sections were adequate for their
purpose, which was to show whether any pituitary remmants had been left
in situ and to give some idea of the size of such remmants. (In the
case of controls the reverse applies: the object of gectioning the
pitultarics was to cnsure that all lobes were intact).




(%)

The testes and thyroid presented no problems. In the case of
the testee complete crosseseetions were cut. These pieces of tissue
were large (cut gpurface sbout 1 om. square), but they proved to be
eagily hendled. The usual procedure was to sclect a block of tisoue
from the middle of one testis for histology.

in seven fish sections were cut from the middle of both testes,
and in one of these (D 1) edditional sections were cut from the anberior
ond of one testis and the posterior emd of the second testls, Thepe
£ish shoved an identical histologicel picture in both testes. imong
them vere controls and hypophysectomised £ishy one was P 36, vhich will
be figured later as showing a sonc of degeneration in the gpermatogonie-
mmm. it seoms fair to conclude that any ocrosce
section of the testes will give a histological picture that can be
taken ap representative of the gonad as a whole,
sudan Jlack.

cr«-aMwﬂaWteMdtwﬁﬁ(DBodD&)mm
sbedded in gelatine, out on the freesing microtome and steined with
Suden Black, Testds D 3 showed degeneration of the spermatid reglon,
“MW“M&MMMMNMM(M
bolow). Time did not allow o lipoid gtudy of the testes of the other
experimental fish.
stndies velng radicective dodlae (R0

sixtoen males were injocted with redio-iodine (1311)
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twenty four hours before dissection., Four of the males were given
500G eachy the remainder were given 440'¢ ocach., Radiation counts
from the thyroids of those given 500f . were corrected, for comparison
with the other glends, by mltiplying by the factor 44/...

After dissection the thyroids were plsced in Bouin's fluid for
tventy four hours: this served the twofold purpose of fixing the tissue
and removing inorganic iodine. The thyroide were then removed from
the fixative and the rodiation fyom cach gland was meagured in a
geintillation counter., The romults were exprossed as countg per umit
time per mg. thyrold tissue.

The thyroids were then embedded in wax end sectioned., Represent:
rative pections were chogen, from ebout the middle of each gland, for
counting in the endwwindow counter (104) and for sutoradiography (10
and 208),

(a) Seghion connlgs Those sections selected for counting were mounted
on planchettes (sections not dewawed) and their raedistion recorded in
standard ondewiniow counting equipment, There was an interval of fowr
to eix days betucen injection of the fish and counting of the thyroid
soctions, The half-14fo of *°'T 4s 8,1 days. On the fourth, £Afth
an! gixth daye after injoction the originel amount injeeted would have
deereaped to 711, 650 eand 60 respoctively., Since most of the counts
were made on the £ifth day after injection, 1t was decided to correct
mmmdﬂhdvmu;mmrmvmmlupudbyﬁd
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the latter by g% to give figures comparable with the fifth day
counto.

The areas of the counted sections were determined from the
adjacent sections, The latter were projected on to squared paper,
on wvhich their outlines were draun; the mumber of squares covered
wao taken as the area, expressed in arbitrary units.

Finally the radiation counts were divided by the area of the
relovant contiguous sections to give counts per unit time per unit
area.

(v) iutoradioszapha. A few sections were sclected from gbout the
middle of each thyreid for autorediography. These were mounted on
slides, dewaxed and stainod (the best stain wac found to be Fhrliech's
haematoxylin and aleoholic eosin). In every case seetions from
control thyroide were mounted, on tho same slide, alongside those
from hypophysectomised fish, The slides were then covered with
Kodak aumtoradiographiec film in the darkroom.

Fxposure was comnonced from gix to nine days after injecting
the fish and length of exposure varied from sixteen to twenty six
days. Both of these feetors affect the sutoradiograph and since
noithor vap strictly controlled, it follows that the "degree of
blackening” shown by the emulsion (see p.102) mst be interpreted
vith caution,

4t the end of the exposure period the sutorediographs were de:
tveloped, mounted in Cenada balsam, end covered with covereglasses.
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Ihyraid cell heighta. The height of the thyroid epithelivm was measured
by means of a mierometer eyeplece equipped with a moveable halr; the
objective magnificetion was X42, The procedure was to select one or two
gectione from about the middle of eech gland, the cells to be measured
being chosen at random from these pections. Repetition of messurements
vas avoided by working to a pattern, e.g. from top to bottom and loft to
right of the section, The person making the measurements did not know
the experimental histories of the fish,

The mean cell helght and standard deviastion were caleulated for
easch gland. It was found convenient to express these parametors in
torng of divisions on the micrometer cyepiece, The igures given may
be converted to miera by the raow%n (1y w £2.97 dive.)

Sxitigue of lethoda.
(a) Histelogicel spd cpavimetric studicg. In order to ostablish o

case for the existence of pituitary thyrdirophin or gonadotrophin, 1t ie
sufficiont to show that histological changes in the target organs are

correlated with hypophysectomy. This prineiple is well establighed,
and will be applied here., The same epplics to the gravimetric studies.
Provided a change in weight of the target orgen can be correlated with
hypophysectomy, that change cen be used as evidence for pituitary cons
ttrol without reference to its functional significance,

It will be seen thet in Sgylicehimug no weight changes could be
demonstrated in the thyroid or testes, but histological changes @o
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appear. Although the present work does not require thet those
shanges be related to function, it does allow certain conclusions as
to their functional significance, and these conclusions will be stated
in due course.

Cnly in the case of the pitultary did the guestion of function
assunc some impertance, The histological secotions often showed the
presence of pitultery remmants. It is possible that such remmants
could significantly alter the level of ecirculating hormone(s). It vas
therefore egsential to take them into account when interpreting the
resuita.

It vas doecided to indicate the presence of pituitary remmants
wherever possible in the text and in the accompanying tables, The
condition of the pitultaries at dissection hapg also been listed in the
Appendix, which serves to supplement the information given in the text,
(b) Studies usine radicegtive joding. The dosage levels of 1311 used in
thig work weroe extremely high. For similar studies on mammals the doses
reguired would be about 20«50 ues In view of the adverse effects of
radistion on the thyroid, the use of 440500 ye. requires some justifi:
seation.

Gorbman et al. (1952) obtained sutorediographs from the thyroids of
Sccandoula ueing 20-50 pe. The injections were mede intreperitoneally,
and the fish were killed at intervals of one hour to six days after
injeetion, Olivereau (1954), working on the same speeles, reported
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atoradiographe with es little as 8-13 yes The injections were intra:
tperitoneal, aend the fish were diseocted two to seven days after injeots
tien,

At 5, Andrews we wers unable to repeat these results. 4 total of
sixteon fish were injeoted with amounts of 1311 renging from 50 to 200 pe.
The doses were given in single injections or spread over two to four
days, The injections were comotinmes intramscular, sombtimes intraper:
titonealy ond the flsh were killed twenty four to forty ecight hours after
the lagt injection, The thyrolds gave negetive or extremely faint auto:
iwwadlographs, and the radistion counts were not significantly above back:
sground lovels

Satisfactory eutoradiographe were finelly achieved with doees of
500 ye, This was later reduced to 440 ;o3 1t wos considered insdwisable
to roduce the dose further, since some of the glands gave low counta at
this dogage level, It is worth noting thet Teh Ping lin and Coldberg
(1951) ueed similar doses (400 ye) for sutoradiography in igtglus cgld:
ifarpicug end tuo spocies of ray.

Radiation is capable of cesusing legions in the thyroid epithelium,
and chemical thyroidectomy by means of radio-iodine has become common
practige in climieel and experimental work., Similar lesions were report:
sed in tho olasmobranch thyreid by Teh Ping Iin and Geldberg (1951) end
by Gorbman ot al, (1952), tut Oliveresu (1954) was unable to confirm
those reports. In this work it was expected that the time interval
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between injoetion and dissection (24 hours) would be too short to
allow such leglons to develope Thie expectation was justified, for
there were no histological chenges which could be correlated with
the presence of 231,

Fixatives such as bouin's fluid ere known to remove inorganic
fodine from thyroid tissue whilst loaving orgenic iodine in gitu. As
gbated above, the whole glands were fixed in Bouln before being counted,
go that the whole gland counts can be teken as measwring the smount of
fodine bound to thyroid proteins during the twenty four hours prior to
dissoction, The sane gpplies, of course, to the section counts. The
binding of iodine is only one aspect of thyroid funetion, but it ie
reaconable to suggest that it be teken as a general index of thyroid
activity,
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(4) ZERZUEQIR GLANR.
dexded ol ibe Jlegaluza.

Tarly development of the elasmobranch thyroid gland was briofly
degeribed by Balfour (1885) in embryos of Jorpede and Seyliorhimune
(Seyllium). The thyrold appears as s ventral diverticulum from the
pharyngeal wall. The diverticulum becomes solid end elongates to
form a rodelike structure which remslns attached anteriorly to the
pharyngeal wall. Subsequently the smalage 1s divided iato lotules
by ingrowth of comective tlosues in this way the future follleles are
marked outs The gland retalns its comnection with the pharyngeel wall
throughout the perdiod covered by Balfour's description (L.e. up to
stage"PY)

FPerguson (1911) described the anstomy, blood supply and hstology
of the gland in seversl specles of elasmobwranch, The thyreid rests
upon the basi-hyal cartilage, to which its anterior margin is firmly
attashed by comneetive tissue, 7The blood supply ic provided by the
thyrold ertery which may arise as e branch of the mandibular artery or
as an independent vesgel from the efferent loop of the first brenchial
cleft., Perguson distinguished two types of cell in the follicular
epithelium:the "chief” ecell and the "colloid cell. The ohief cells
have a gramlar, cosinophil cytoplasm; the muclei are gpherical, vesi:
soular, snd lie near the bege of the cells. The colloid cells have a
"gligtening, highly refractive colloid appearance”, and the eytoplasm
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fe digtinetly acidophily the mclel are small and deegp staining, and
are usually located near the apex of the cells.

The Metology of the gland hes been dealt with by a mmber of
workers, Rangl (1936b) studied thyrolds of the females of seven
ovoviviparous gpeciens snd one viviparous specles, and reported histol:
togical chances which he related to semual activity:. During growth
the thyrold has an active appearance, with small follicles, high epiths
sellum and goarce collodd, 4t onset of sexual maturity the histologloe:
1al appesrance verles fyon moderately sctive to quite insctives in the
latter the follicles are large, with lov epithelium and abundant collodd
vhich showe 1ittle sign of vamolation. During gestation the glands
vary fyon moderstely sctive to intensely active, with the latter showing
gigns of hyperacmia. After perturition the thyreid returns to e state
of lowered activity,

Zogsa (1937) ar-ived ot gimilar conclusions after studying the
thyrold of Jorpede occllatin. The gestation period in this species
lagte from Vay to Septambor, and during much of that period the appear:
tance of the thyroid suggeste hyperfunction,

Cuaripgiia (1937) has reported that in the oviparous gpecios
SeSondanla and Jowlliun stellare seomal maturity is characterised by
alternote storage and discharge of colloid,

Oliverean confirmed that in Jorpedg the thyroid of the female is
hyperactive during gostation (1949a). 1In another peper (1949b) she
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Goseribod the thyvold of S, csndeula at varicus sbages of the 14fo
eyoloy hew rdings ave in ponorel apre-tent with thome of previeus
vorkero,

Olivercan reported that in Scylioshdmms tho thyroid of the male
epresrn 0 Yo Jose aottve (fudged by histologloal critorie) than that
of the fonglo at all sbtapes of development, In juvenilo f4sh both
pexos show moderately asctive glends. A6 tho onset of sompa) naturity
the thyrolde show ineweased ectivitys aceording to (livercsu the malo
reaches this stago ot a length of 20.35 en (wolght sheut 200 g.)s @
cotparable stage 1o reecked Ly the fomale ot about 30 em longth,

Subseouently both scxes show roduced thyrold sctivity, but in tho
fenale thewo 15 a cyelica) intensificetion of thyweid function whieh
ie correlated wvith reproduotion. yporeotivity is maminal vhen the
ogee aro in the oviducel glands, an?! abetes oo the ogpe travel down

Thyrold funotion in olassmoberanche has rocolived limitcd attontion,
The fMvet rocorded study with rediow-active foddne was that of Teh Ping
I4n and Coldberp (1951) on three North Amerlcan spocleps They ropord:
tod that forty elx houwrs afber infoetlon of 400 pe 2711 autoradiographe
shoued the 1317 to bo concentrated in the colloids in pemesal the
gnaller follioles contadned loss collold but more iodine than the
lorger folldeloe, ‘

Corbman, ldgaiteky, Mehel anl loche (1992) cerried aut autoradio:
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sgrapide and clwomatographic ~tnudies on the thyrold of S sanlallae
They vere ahlo to 1d:atify monclodotyrosine, dilodetyrosine and
thyrordne in cxtvacte fram the glaonds, and the evidense indlcatoes that
those mubgbonecs appoor 4n the order given, Small “ut sipgnificant
anommte of labelled thyroxdne were found geventoen hours after injoot:
tton of 1311, The authors concluded that evnthesis of thyroxine
follous tho came pattcrn as in mamals,

Rdvereas (1950) stulied the mm of Zexlldun skellase ond
Secguloda after trestment with phenylthicures, aminotitazol ond
thicorog, He was unable to detoet any oignificant histological
chenges in the thyroids of the treated fMghe In a later papor Oliverom
(1964) veported thet mtoradiogrephic studies rovesled the absence of
reotein-bound lodine (1311) fpom thyroide of the same specles efter treat:
rent with thiocwroa end thimzraeil, She concluded that, although thyrold
Meotolory ronaing unaffocted, orpanic linkape of lodine s totelly and
repldly dlocksd by such compounde.

Matty (1954) revorted thot thyroidectomy hae no effoct on oxypen
congurption in g, condoulg vy to elx veeks afbor oparaticn, However,
vhen asoayed on rate extracts of dopfish thyrold cuused an increase in
onypen consuytlon of the game ander as thet produced by memmelisn
thyreld rwoparationo.

Mivercan (1955) subjected S, canicula to wariatione in wotar temp:
topature (14°%20° £,) for periods of five to thivty dayes she was unable

2
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to detoet eny offoct on thyrold Metclogy after mach treatment.
loupbodacT.apd iatologs.

The thyrold of Joyligehimg i o disorcte pland, delimited by a
thin capsule of comwotive tlemuo, It 1s located fn the lower fJow,
eyl exbends forward from the anterdor bifureetion of the ventral aorta
to the basl-hyal cartilage. It iz pear-sheped, with the bulbous pows
rtion lylng postericrly an? attached to the ventral sarts by chende of
tough conncetive tipsmo. The anterior portion congtitutos the "thyros
sglogeal cord” (Matty, 1954); 4t strotches forward as @ delicate otpand
of tsote whdch 1o atbached antoriorly to the basl-hyal ewrtilage,

Motolophoally, the gland consists of closoly-packed follicles
geparatod by pcanty comnective tlsme and blood gpaces. Tho follicleg
vary in sloey the smaller folilcles tend to Do grewped towarde the
contre of the ulbous posterior portion of the gland, vherees the larg:
sor tond to Mo peripherallys tho thyroglossal cord is occupied by the
largor typo of folliele,

The follicular epitheliun conslets of very Mgh columnar cells
vith bosal miclel. These cells ore hMgher then compareble celle

found in any other vertebrete group, avereging ebout 15,. The oytor

iplagn containeg vardioble nmbars of gramuler bescphil inclucions whieh
steln hoavily with Heldenhain's hoematomylin (Plate 1, fig, 1) but not
vith "hrlich's heetotorylin or Meyer's haoma’um, Thege basophil grans
ruleg show a great range in sine and are often so mmorous thet colluler
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detall (cell boundarics, muelel) are ohserred, The smaller gramlos
tend to 14e towards the apex of tho colls, 1.0, Sovards the lumen of -
the follicle; the larger tend to 1le towards the besge of the vells.

Wmﬂlu very lerge basophil inclusions ean be found in the
epitholial cells (pl. 1, figh. 1 and §). These appear to be acgres
srations of the basophil gremules degeribed ghove. They ocoupy large
vacuoles with diameters many times the width of the epithelial cells.
They are conspiouous obloots, and will be referred to as basophil eysts.

The oytoplasm of the epithelial cells somotimes conteins eosinophil
inclusions; these glso may range in sige from very small gramlos to
large bodliecs the sglze of the basophil cysts. However, they are noither
so congpicuous nor se prevalont as the besophil inclusions, and in some
glands they are abaent,

The Yuming ~f the folllcles are more or less f1lled with coslnophil
eolloids occasionally the colloid stains parly basophil, partly eosino:
sphil, and very infrequently a folliele may contain only besophil colloedd.
Occapionally free cells ean be goen 4n the colloidr those are rounded
cells with excentyrio mueled, snd ave precumably epithelial eells which
have migrated into the lumen of the felliele.

The cmaller follicles usually have a high epithelium and dilute
collold® with resorption vacuoles, whereas the larger follleles tend to
have a someuhat lower epithelimm and dense colledd with no vecuocless
basophil colloid is perhaps more often found in small follicles than in

% Conglstency of the colloid can be judged by the way in which it is
cut by the microtome knife: dense or vigcous colloid shows "ripple
marke”, wherecas the dilute type cuts smoothly,
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larpe. Houover, these correlstiong ere not clearwout, and 18 is
extremely MfPleult (and perhwps inadvisshle) to apsess thyrold esetivity
in Seviiophiome on the basls of such histoloploal eriterie,

Veplabddity, 4 mmber of vorkers (Ouariglia, 1937y Oliverems,
1949a, 1949b; "emma, 1937) havo deseribed histological changes in the
thyrolds of clagmobranchs corregponding to Mffopront gbages of the 1ife
eyele, DBoth Cusrizlia and Oiveresu desoribed changeg in the thyrold
of Sucendculg, and related those changes to the onset of penmel matur:
tity. Olivercou wae the only worker to fin? rogular changes of a oyelis
s08) noture in the thyrold of the maturo fieh: gho deserdbed the fomale
gland s hyperactive (judged by histologleel eriteria) after ovaletion,
during the poriod vhon the ove are in the oviducal glandes.

Thyroids from fifty meture fish (373, 139 were examined; of theee
tuenty three wore control operations (183, S¢). DNesldes these, the
thyrolds of olx freshlywcsupht fich (44 29 woro used as additional
controls; the latter confirmed the penapsl pdoture seen in the thyrolds
of control opcrations.

Sectlons of the control glends showe? a wide range of bletologieal
variation in both sexoe (see below). Such variadility is particularly
noticeablo among the males, At JMescction mo cgg purees were found 4n
the oviducts of sny of the femalog, so thet the varlebllity among the
female glonds canmot be sccounted for on the bhasis of the correlation
noted by Oliverem.
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Pl, 1, fMge. 2, 3, serve to 1llustrato the histologloal veristion
gmon? the oomtrols, On the ono hand (fig, 2, D4L) the follicles ave
emall and clogely packed, The folliculer opithelium 1o highs the
collodd 18 Aflute, 1o cometimeo bDasopiil, and shows resorption vacuclos,
On the other hand (flg, 3, D72) the folliclos are lerpge an? sre gpoparated
by plontiful comncetive tilsmuep the follicular epithelium 1o relaotively
low; the eollold 4s dense, eosinophil, snd shows no sign of regoryticn
vacuolog.

The tue glands aloo Aiffer with vespeet to the bhesophil inclugion
found in tho enithelfuwn, D 44 containe very small eytonlasmie gramlos,
vhoereas D 72 containg relatively large gramiles and a fow basophil cystes
4 sindler rolotionship can sometimes be soen within inMviduel plandg,
vhore gmall, active-locking follicles may liec alongside large, insctiveoe
lockdng follleles (P1, 1, fig. 4). The former contain a high opithelium
with fino basophil gromuleg, vhoreas the latter contain a lower epithels
tdum with relatively larpge greamles and occasional oyste. In Mg, 4
tho epithelium of the larpe folllcles on the left of the photograph 45 eo
denpely packed with lerpe besophll gramles that cellular detell is
obpcurcds

Theps appeare to be no significant variation between glende in the
degree of vascularizetion. Olivereau (194%h) cleime to have deteoted
incrcased vescularisotion 4n the thyrolds of female fgylicrhinugs occurr:
tdng at the time vhen the ova are in process of vigorous growth, How:

e i e e e et e
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rover, in tho present vork no significant dlfforsnoss 4n vascularication
have boen “ound, oither among control glands or between those of comtrols
on the one hand and hypophyseotomised fish on the othar,

~merimental ctudics.
(1) Digtelagy.

(a) Lese than 20 wecke after operation.

Sections of the thyroid glands from a mumber of early operat:
siong had indicated that hypophysoctomy does mot affect thyroid histolopy
within this period, The pituitaries of these fish were not sectioned
at sutopey, and the detsiled results have therefore not been included in
thig report,

From a later series of operations deteiled results are avails
tsble for twelve fish. One of these (P48, table II) was a partial hypop:
thysectomy. The thyroid glende showed no umususl histologicel features.

(b) 2030 weeks after operation,

A total of tventy-gix fish sre imcluded in this group, of
which eight are controls. The thyroids of the controls show the usual
range of histologleal variation; there were no histological features
which could be attributed to experimental treatment or to captivity,
This statoment applies to the thyroide of all controls, regardloss of

longth of time after operation st which dissection was carried out. 1%
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follows that no further deseription of the control thyroids is necess:
sarye

Of the hypephyseetomiged fieh in this group only one appeers
to merit spocial mention, namely D46 (rostral end neuro-intermediate
lobectomy); the thyroild epithelium of D46 wes found to comtain a partic:
tularly large mumber of basophil cyste v(pl. 1, fig. 5)s However, there
are several other fish in this group from vhich the pame pituitary lobes
had been removed, and their thyroids appear to be normal (see table II,
p. 960« One guch fish (D60) has a very®active® gland, with small folls
ticles and a high epithelium; in meny follicles the lumina are occluded
and some of the remainder show a basophil colleid. This thyreid (D60)
is not conpidered to be abnormal, since it lics within the renge of vari:
tation shown by the controls.

(e) 3140 woeks after operation,

There arc twelve fish in this group, of which eight are com:
ttrols, The four hypophysectomised fish will be treated individually;
in cach cage the condition of the pltultary at dissection ie given in
brackets. The results described below are summariged in table I, p. %6a.
D 4L, (ostral lobe absent; nouro-intermodiate lobe represented by a

remnant; ventral lobe present),
The thyrold of this fish appears to be normal.

R 5le (Rostral lobe represented by a yemmant; romeinder of pitultary
pregent),
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The thyroid shows signs of dlsorganisstion. Over large arcas
the lumina of the follieles are otcludeds in some places the
follicles have lost thelr organisation, and the epithelial cells
1lic soattered among strands of comnective tiseue (pl. 2, fig. 6).
Lerge basophil inclusions are common emong the epithelial cellsp
these are not so large as the basophil cyste deseribed above,
but are doubtless related to them. However, this gland is not
markedly sbnormaly the general pleture is reminiscent of contrel
D 60, describod above,

(fostral and ncuro-intermediate lobes absent; ventpel lobe
present).

Thyroid follicles irregular in sise and shape, with free cells
in the lumine of msny, The epithelium lacke basophil gramula:
ttion, In some areas the follicles are breaking downs this
geens to be brought about by dispersal of the epithelial cells.
Aftor digpersal of the cells the colloid left in situ tekes on a
vory dense appearance and steing intengely with heematoxylin,
Strands of conncetive tissue appear to be inveding the gland (pl.
Ry fig. 7)y in the path of the invading tissuc the follicles show
signe of disruption.

(rogtral lobe present but damaged; neuro-intermediate lobe absenty
ventral lobe pregent),

Thyroid follicles irregular in chape and sise, separated by a good
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deal of comnective tisswe. The epithelium if high, with hoavy
basophll granuletion obocuwrding celliular detail. A number of
follicles show fvee colls within the colleid., In some follicles
the colloid is broven wp lubo rounded or angulaer lumps, and gsome
of these colloidal lwmps stain intensely with haenatoxylin (pl.
2, f4g. 2,)

These bagophil colloidal bodise are similar to the isolabed
clumpe of bagophil collold desoribed uader D 19, The large
elunps goen in figs 7 (D 19) have boen left behind after disporsal
of the follicular colls., In fig, 8 (D 34) the follicle is still
intact, but the collodid is breaking up inte ssparcic pleces, sole
of wirich show an fatense bagopbll resction,

of thoge four glands, D 19 and D 34 are teken $o be sbnormal, showing
ourly degemerative changes. The changes common %o Loth glands ave
penctrotion by invading comncotive tlssue, disintegretion of individusl
follloles, and a tendeney for the colleid to form denge, basophil bodies.
Both glande show en unueuel number of follicles vith free cells in thelr
lunine,

(4) L1=50 weeks after operation.

This growp includes five fish, of which two are controls. Two
of the hypophyscotomised fish (D 12 end D 13) possessed similar thyroide,
and these will be deseribed togethers the third will be treated separate:
tly. The condition of the pitultaries at dleseection is
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given in brackets.
222 and D 13, (D 12: rostral lobe abeent; nouro-imtermediate lobe
represented by a remnant; ventral lobe present.,
D 13: rostral and neuro-intermodiate lobes sbsents
ventral lobe present).
Thyroid follicles irregular in sise end shape, separated
by a good deel of comnective tissue., Among the intaect
follicles the epithelium of both glande 1s packed with
basophil gramiles to such an cxtent that cellular detatl
4o obscured, The follicular epithelium also contains a
large mumber of basophil eysts, and 4n D 12 4t contains
pome cosinophil cysts ag well. In many follicles the
colloid has a porous or "honeycomb" appearance, The
tendency for free cells to invade the lumina of the folls
ticles mﬁuﬁn noticed,
localiced digintegration of follicles occure in both
glands, and 1s perticularly well seen in D 13 (pl. 2, fig.
9)« In the pregion photographed the folliclos have lost
their organisation end the epithelial cells are dispersed
throughout a matrix of comnective tissuey fragments of colls
toid and besophil bodies (probebly epithelial cysts) are
scattered throughout the erea.
D J2 containg a mmber of follicles eimilar to those
shown in pl, 2 fig. 8, vith the colloid breaking up into
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basophil lumps, P1, 2, fig, 10 (D 12) shows a group of
basophil bodiee lying vithin s commeetive tisgue maetrix;
they apnear to be ¢olloid remnents from a follicle vhich
has been invaeded by comneetive tissue, The invesion of
individual follicles by comnective tissue will be described
and figured in more deteil below (see thyreid D 1).

It appears that digintegretion of the follicles can ceeur in two
ways: (a) Dleporsal of the epithelial cells end simultaneous invasion
by comnective tissue results 4in the condition found in D 13 (pl, 2,
flg. 9)« This type of degencration tends to occur in emaller foll:
ticles where the colleid 4e dilute. (b) Mepersal of the epithelial
colls may be preceeded by breske-up of the colleid and its conversion
to basophil masses ae seen in fig, 8. The latter remain in situ after
dispersal of the epithelial cells, and become embedded in a matrix of
inveding comnective tissues the result is seen in pl., 2, fig,10.

This type of degeneration tends to occur in lerge follicles where the
colloid ie viscous. Presumebly such collold camnot be ocasily resorbed
and special measures sre required to deel with 1%,
2.3l (fostral lobe represented by a remnant; rc-d.n'der of pltuitary
prosent).
Although the eppearance of this thyroid is sbnormal, it hae
clearly not suffered degeneration to the same extent as D 12
an? D 13. The follicles are falrly regular in sico, but irregs
sular in shape (pls 3, figs 11)s They are separated by a
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large amount of commective tlssue, bubt 1t 1s d1€ficult bo
decide whether this represents en unusuel condition or vhether
the gland ic actually belng invaded by comnective tlssue;
thero are indications that such invusion has commenced,
The follicular cpithelium is high end contelns large nume
sbera of bascphil gramules which obgeure cellular detail.
Fost follicles contain dilute collold, and resorption vacuoles
gre colon. 4 few show invegion of the lumen by {ree cells.
The general pleturc presonted by this thyrold suggesto
dysfunction rather then degeneration; i{ degeneratica has set
in, it gppears to be in 1te carly stoges.
of the three thyrolde deseribed in this group, D 12 and D 13 show
degenorative changes. Those changee are well esgtablished in beoth
glanig, and can be interpreted as o later phase of the early degeneras
ttdve changes deseribed 4n D 19 and T 34,

(e) More than 50 weeks after operation.

There 1o one fish (D 1) in this class. It vas dissected fifty-
five weeks after operation., At disseetion the reostral and neuro-
internodiate lobes of the pituitery were ‘cund to be sbsenty the ventral
lobe was prosent,
2Js The thyroid shows advanced degeneration. The intact follicles

are very irreguler in shepe and sise (pl. 3, fig. 13). In the

largest follicles the epithelial is low and cytoplasmie granules




(94)

are relatively scanty, but in most of the folllcles the cells
are high and heavily studded with basophil granules. Bagos
:phil epithelial cysts are common, and 4n the collold resorpt:
tlon vacucles are rare,

Much of the gland is occupled by comnective tissue (ocome
tpave fige. 12 and 13)., P1, 4, fg. 24, chous a follicls in
process of being replaced by comneetive tissue, The comnedt:
tive tlssue has encroached upon and obliterated mmch of the
originel lumen; the remainder of the lumen containg some free
colle and a group of basophil colloidsl bodies, & few eimilor
bodlee ere embedded around the periphery of the commective
tisoue mass. This process of replascement oventually regulte
in whorls of comective tissue which mayor may not emclose
basophil collofidal bodies. Such whorls of comnsetive $issue
arc common in this dand (pl. 4, fig. 15).

In D 1 the bagpophil colloidal bodles are seen to have a
peculiar structure of conecentric rings, centred asbout one or
more points (pl. 4, fig. 16). This structure sugpeste that
the collold condenses sround certain foeal points. ds 4%
condenscs it steins intensely basophil.

There 1s ovidence that free cells lying in the collodd
constitute the focal points arcund which condensation takes
place (pl, 4, fig. 17)s The nature end crigin of these cells




(9%)

is not apparent, They do not resemble the free cells commonly
found in the lumen of normal follicles. The cytoplasnm is
clear and the mueloi gtein intenselys; when found without a sur:
srounding envelope of dense ecllotd they show a thick and some:
swhat iwreguler cell membrans (pl. 4, fig. 17).

The colloid does not slways condense in the manner deseribed
above to give concentrie basophil bodies. In some ceses conden:
tsation results in large basophil masses which show no sign of
concentric strueture; a mumber of such basophil magses are seen
in pl. 4, fig. 15.

Compents The degenerative changes desoribed prosent some unique
features. The thyroid epithelium showe no signiflcant reduction in
hoights thie point will be dealt with in a leter section. The operstion
heg no detectable effeet on vascularity of the glendy staining reaction
of the colloid 4s unaffected until the degenerative changes (see below)
appears and finally resorption vacuoleg are not uncommon in those glands
in viech degenerative changes have been described,

In Sevliorhimig the degenerative changes seem to follow the
pattern outlinod below:

Invaslon of the gland by conneetive tissue is noticosble at an
early stoge. The invading comneetive tissue replaces follicles in
localiced areas. The follicles in the path of the inveding tiseue dime
tintegrate. In omall follicles the epithelium digperses; the gmall
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enount of dilute collold is broken up by strands of comnective tligsue
end {e prommably resorbeds In large follicles with relastively dwmnge
colloid the epithelial cells disperse and the invading commective
tissue graduglly encroaches upon the lumen; simultancously the colloid
condenses and becomes markedly basophil, In most cases condensetion
is centred on a fow focal points conslsting of characteristic cellss
the oolloid condenscos about thege colls with a pattern of concentric
ringss In other cases the process of condensation results in & relas
stively large colloidal mass ﬂtsh .ebw no sign of concentric gtructure.
The inveiding comective tlssue contimucs to encroach, and finally surrs
sounds tho basophil colloidal bedics., There is no evidence that the
latter are removed or destroyed., They lie embedded arcong the comect:
tive tissue in all the glands showing degenoration.

The above results are summarised in Tebles I end II, Inspection
of the tablos brings to light the following pointss~

(a) Thyroid degeneration is a function of timey degonerative his:
ttological changes can be detected some thirty-seven to thirty-eight
veeks after operation. In the female they are clearly noticeable at
that time; in the male they are not yet so wellecetablished, and the
evidence presented here indicates that degenerative changes might appear
earlier in the female then in the male, However, the limited mumber of
fich makes it unjustifiable to press this point,




Condifion of pituitary Time
Fish at dissection after Histological
— opera: appoearance
ttion of thyroid
Rostral | HNeint, Ventral |(weeks)
lobe lobe lobe
F Bt |
D 463 - - Pregent 27 Abnormal?
D 473 - W Present 35 Normal.
- DRSS ] Pregent Pregent 37 Signs of dis:
sorganigation.
D 349 |Present(x) - Pregent 37 )iarly degener:
) tative changes.
D199 - - Present 38 )
D122 - " Pregent 42 )
;Degenorntion.
D 13 Q - - Prewt &
D3R ] Present Pregent 45 Early degeneration?
D16 - - Present 55 Advanced degenera:
3tiono

# Remnant of lobe remains in situ.

- lobe absent.

(x)This lobe present but damaged.
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Histology of the thyroid after control operations and hypophysectomy.

Condition of pituitary
Time
ish after
Rostral Vantral : | Hstologieal
lobe stion
o OO 7 e n—+
3 (22) | Controls 0=50 JWide histolog:
pitultaries intact ; tical variation
> (7) | controls Dl 3
a3 (7) Progent | Present | 24«30 o significant
: histological
o (2) w Progent | Present 24 diff. botween
thoge and
F Mo - Pregent | Progent 26 controls,
D 3 ¢ - e i 29 »
P 64 3 - e Present 27 -
D 409 - - Progent 23 »
D 603 - o Present 29 »
P 63 5 w Present 25 "
P A - Present - 23 .
P 48 3 | Pregent - - 13 .
P 4 S | Prepent |Progent - 24, »
————l—-———*——.—&-—-d—-—-—-JL——————‘

¥ Remnant of lobe remeine in gitu

« Ilobe gbsent,
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(b) Degenerstion 1s progressive, and about a year after oper:
tation the thyreid prosents an appearance that can be desoribed as
atrophic, with many follieles replaced by comnective tiesue,

(e) Thyrold degeneration is not dependent on absence of the
ventral lobe of the pitultary. In all ceses the ventral lobe was
pregent (table I). loreover, severe demage %o the ventral lobe has
no offect on thyroid histology up to twenty nine weeks after opera:
ttion (see D 3, table II).

(@) The balance of evidence indicates thet the rostral lobe is
responsible for thyroid control. in obstecle to that view is the
feot that the restral lobe of D34 (table I) was found to be present
at dlesection., However, this lobe was smaller than normal, and show:
ted cloar oigne of desage (invasion by comnective tissue and localised
dlgintegration of tho epithelium); 1t is possible that its function
had boen impeired to a grester extent than the histologlcal ploture
suggestod.

(o) Kternatively, table I may be teken to suggest thet removal
of elthor the rostral lobe or the neuro~intermcdiate lobecauses thyrold
degeneration, Interpreted in terms of @ thyrotrophic hormene, this
irplico that both lobes contribute to synthesis of thyrotrophin.

There 18 no record in other vertebrates of cooperation be:
1tween different parts of the pituitary to produce thyrotrophing more:
tover, it is well established thst in other vertebretes the partes
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interm-dia and nervosa are not concerned with thyroild contrel. 1In
any case the results presented are adequately sccounted for by a more
acceptable alternative (see 'd' above).

(2) Ihmeld Celdlicighia.

Thyrold cell heights are glven in the &ppondix for those
fish dlgsceted more than twenby weeks aftor operstion. The figuree
allow a comparison between three groups (L.os operational cutegorice)
of fighy all the fish consldered are malesi-

lo. of fish Veen cell height SeDs for

Sporation ~AA.EZQUD,.. B (e o P— RO
(a) Controls 14 82,9 75
(b) HRostrel and

Hewint. lobes

romoved 6 82.3 26.5
(e) Rostral lobe

removed 8 780’ 7.0

The 'mean cell height for group' is derived by taking the
gum of the mean cell heights (4ppendix) and dividing by the mumber of
fish in the group. The units used are divisions on the micrometer
eyeploce, The 'gtandard deviation for group' measures the dispersion
of the meoans sbout the mean for the group.

The "t" test (formula given on p,103) shows no significent
difference at the 5 level betwcon the cell heights of the three groups.
These figures therefore support the conclusion reached by histological

study, namely, that hypophysectomy does not rogult 4n a decreage in
thyroid cell height.
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(3) Zhsxoldd ledchts.
Tablos IIT and IV ghouw the relationshlp between thyroid

welght and body welght in a number of meles, including controk and
hypophysectomies, The number of observations is limited, but there
are indicationg that removal of the rostral lobe alone, or removal of
the rogtral and nouro-intormediste lobes topether, has no offect on
thyrold weight., Among controle the ratio thyroid wbt./body weight

(x 1000) has o mean value of 40,2 and @ stendard deviation of 11,6
(table III). Noth operated groups (table IV) heve mean values for
this ratio which are not significantly different from the mean of the

Badiation counts. Sixteen malee wore injected with
radio-iodine twerty four houre before dissection, Radiation counts
from the thyrolds of thege sixteen fish are given 4n tables III end
I¥. The glande were countod after removal of inorganic iodine (see
Pe7¢ ) Whole gland coumts were rolated to wolght of the glend and
the result cxpreesed as counts per ninute per ng, thyroid tiseue
(column B),

Reprepentative seetions (10p) firom ebout the middle of
cach gland were also counted. The counts were releted to the areas
of the peotions, and the result expressed as counts per minute per
unit erea of section (column C),
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TABLE. 1L,
(421 fish lioted are males),

Column 4 ¢ latlo of thyrold weight (mg.) to bodywight (g.) = 1000,

Column B : Ratio of whole glend counts, recorded by scintillation
oounter aftor 24 hours in fixative, to welght of
thyrold (i.e. corrected counts per minute por mg.).

Column C ¢+ Ratlo of seetion counts to seation arcas. Cections of
10y counted in endewindow counter; arcas of goctions
determined by projecocting adjasent pectione at constant
magnification onto squared papar (i.e. corrceted
counts per minute per unit area).

Seaue (o) Conteole: pilultaries Joft dutach.
Tine after
Pigh ation & 3 ¢ mtoradiograph
)WWA

D 2 ’0 ﬁ o w

D 44 35 30 - -

D 45 7 34 57 » trace

D 48 38 33 - =

D 5 34 35 - -

D 57 n” 45 91 240 *

D7 A 35 24 262 t+

P9 25 40 o -

P 26 25 36 382 148 b

P49 23 tv - -

P55 23 5 - -

P 58 19 24 - 4

P 70 25 46 33 498 S

(<5
|

3 -

33

3
3

170.5
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IALARLE IV

(A1l fish 1isted are males).
Colwmng 4, B and C as for Table IIX,

Group (b) fHostral end nouro-intermodiate lobes removed,
P 2 55 47 - -
D 47 35 45 - -

P 63 25 3B |3 e ++
P 64 27 35 86 a5 i
SeDe 71 e -

OGroup (c) fostral lobe removed.
P 51 37 24 309 201 +
D & 29 36 206 92 trace
D B84 30 n 449 435 *+
P 82 26 30 7 % 5
P 54 24 36 303 53 ++
P 609w 24 56 242 107 ++
P 61 27 51 30 R» +
P & 24 32 113 51 +
P W™ 26 27 36 66 +
Yean 35.9 1“.1 123.4
SeDe 10,8 | 143.5 | 126.8
mﬁ-—u—*.——#.-——-—#
leoan of (b) + (0) 37.1 1%.5 137.6
S.0s of (b) % (0) 907 137.8 128.8
M——-—#——‘-———J

For further information on the pitultaries refer to Appendix,
% P60: ventral lobe of pituitary represented by a remnant.
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The figures in columms B and C are a moasure of the amount of
iodine bound to thyrold proteins during a twentyefouwr howr period,
Tables III and IV show that the ratio in column B gonerally parallels
the retio in columm Cj however, the factor B/C is not constant,

Tables IIT and IV allow a comparison betwoen three groups of
fish: (a) controls, (b) restrel and neuro-intermodiate lobectomios,
and (¢) rostral loboctomies., Comparing the mean values shown in cols
sumns © and Cs- the means for group (c) are smaller than those of greup
(a), but the stendard deviations of the two groups are so large that
the differonces are clearly not significant, There are only two obsors
svationo in group (b), so that calculstion of g stendard deviation is
redundanty tho mean values for this group are again lower than those of
the control growp (a), but ageln the differences arec not stetistically
significant.

Table IV shous the wmeens and standard deviations for groups (b)
and (c) Saken together. Tho means are sgein lower than those of the
control group (@), and the standard deviastions are again lurgey the
differences botweoen the means are not statistically significant (see
"Statietical Analysis®).

it is cloar from these flgures that the amount of lodine bound
to thyroid proteins varies considerably, both among the controls and
among the hypophysectomised fish, The mean values suggest that rostral
lobootowy is followed by & decline in I-binding capacity of the thyroid,




(101)

but the figures glven camot egtadblish thet such a decline does in
faet occur.

One further point may be mentioned: Radiation counts are
availablc for eleven of the thirteen fish llsted in groups (b) and (e)
of table IV, Those eleven figh were Alsescted thirty-seven weeks or
lepe aftor operation, Tt follous thet any trend pevealed by the 1311
counts gpplices to the first thirty-seven wecks after operetion., The
fMagures for those counts suggest a decline {n functional activity of
the thyroid after rostral lobectony (see above)., If such a decline
doos occur it can he taken as ocourring within thimtyesoven weeke of
the operction, l.c. prior to the cnset of histologlcal degeneration,

diutoradioepeanhys Pl. 5, Mg 12 shous sutorediographs of
thyroids P70 and P63, The sections were mounted sldeshywgide on the
same slide and given the same treatment throughout. The radio-activity
15 concentrated in the colloild. Comparisbn with the contrel (P70)
showg thet loss of tho rostral and neuro-intermediete lobes has not
approciably affected I-upteke in P63,

Pl, 5, Mg. 19 shovs a similar preparation, Ath thyrold sects
tions of D78 (control) and P77 (roestral lobectomy) mounted side=by-side.
In this case there 1s an approciable difference between the two glunds:
that of P77 ghovs merkedly less radiowsctivity than that of the control.

The last columns of tables IIXI and IV indicate the degree of
blackening shown by the autoradiogrephic filme. 1In assecsing the
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degree of blackening two factors are involved: extent and lntensity
of blackening, However, thesc twe Cactors usually go together; a
seetion which shous extensive blackening usually shows intensive
blackening as well, so that in most casce the essceement prescnted no
problen, In doubtful casos the final asscesment was based on extent
rathor than intensity of blackendng.

Ingpoction of tables III and 1V roveals that the trend seen in
fig. 19 15 not constant. One of the controls (I45), for instance,
chows only a trace of blackening, whereas blackening is maximal in
three rootrel lobectomics, However, the proportion of glande showing
maximal T-uptake is higher smong the controls than among the hypophys
tpogtomios (groups 'h' and 'e').

Although there are exceptlons, the degree of blackening tende
to parallel the count ratios shown in coluzns B and C. The sutoradio:
sgraphs therafore tend to support the conclusions reached from a study
of the counte: they suggest that rostral lobectomy is followed by a
decline in I-“inding capacity of the thyrold.

Statdseical nalvsia.

The 't¢' test was used tc sssess the significance of the numor:
tical results given in tables III and IV, & close epproximstion o
4t 48 glven by the formmla:- |
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tu PP
.0601 8.3
o ommc [E—
n n
i 2

vhere ™1 and ™ gre the arithmotie means of the two samplog o be
comparad, c.d.l and a.t!l.;2 ere the rospoctive gtandard deviations , and
the samples consist of ny and n, obpervations respectively,

Values for s.d. are nrovided hy tho formmlate

8.d, .’.\/ S (owx)? 5l

vhere x reprogents the individual observations comprising the samplo.

In all eases the 5. level of significance was adopted. The
tegt was applied to the results listed in columns 4y 5, and C of tables
III and IV, There was no significant difference between the controls
(group 'a') and the hypophyscctomised fish (groups "' and 'o' taken
together) with respect to the ratics given in the tables.

Commeake From tho results presented above the following polnts emerge:-
(a) There gppears to be no significent reduction in thyroid cell height
after removal of the restral and nocuro-intermediste lobes of the pituit:

tarye
(b) There appeers to be no significent reduction in thyroid weight after




(104)

removal of the game pituitary lobes. Thic sppears to be true even
for thooe thyroids in vhich degenerative Mestological changes were
found (e.r. M, table TV); prosumably the weipght 1o mainteined in
such canes hy tho conneotive tisoue which renlaces the glanduler
tissme,

(e) Radlation commts do mot show eny significant differenco between
the thyrotlde of controls and those of hypophysecetordsed Maeh.,  MHows
rover, the meang sugpest e tendency towards lower counte in proups
(b) and (o) of tadle TV; 4in other vords they sugpest that removel of
the rostral lobe of the pituitery may edversely affeet thyroid funect:
tion. This conclusion 18 sumpeorted by the auvtoradiographie studies,
(4) Tho suggested decline in thyroid function precedes the histologle:
1al changes alresdy deseribed,

Adscucaion.

The plenser work of Smith (1916) on tadpoles of fSgne bavled
showed that the hypophyseal rogion of the pituitary exercises a trophie
of foet on strueture and function of the thyroid gland., This was con:
sfirmed by Allen, (1917), In o later paper Smith and Smith (1922)
reported successful replacement therapy using enterior pituitary extract
of memmale, and demonstrated that thyrotrophin production is locelised
in the anteriocr pituitary,

Subsequent work has shown that hypophysectomy ceuses some degree

of favolution of the thyroid in all vertebrate classess This effect
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has been doseribed in mammale by Smith (1927, 1930), Rowlends (1935)
and othersy in birds by ‘owlands (1935); in reptiles by Schaefer
(1933) end Hollbeum (1936); in amphiblans by Tuchmenneluplossis
(1945); and in teleost fich by Vivien (1941), Duser-Lahaye (1953),
Pickford (1953) end Chavin (1956).

The main features of thyroid involution are deercase in height
of tho opithelial cells and dlstention of the follicles with colledd,
nowlands (1935) found a deerease in thyroid weight in the ferret and
hedgohog, but not in the guinca-pig. Smith (1930) reported a weight
deerease in the ret thyroid and roduction in cise of the thyroid 4in
tadpoles of Jang hoviad (1916). Tuchmemneluplessis (1945) reported
doerensed vascularity in the thyreid of Ipiturug (Triton). Changes
in staining reaction of the collold were reported by Plckford (1953)
who noted in fundulug e tendency tovards seidophil colloid after oper:
sation, and by TuchmameDuplessis (1945), who reported in Jpiturug o
change from chromophobe to chromophil colloid. Rowlands (1935) mens
ttioned the absence of rogorption vacuoles from the colloid of marmals
and birds after hypophysectomy.

The histological changes mentioned above can be detocted shorts
31} after hypophysectomy. ‘mith (1930) found significant changes in
the rat thyroid after ten days, ond Hellbeum (1936) weported the same
in the garter sneke; TuchmanneDuplessie (1945) found that in Izituzus
thoy become noticesble about the third week efter operation, and
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Vivien (1941) noted their gppearance some fifteen days after operation
in Gobiug. It seems that Ly about the third weck after hypophyseet:
tomy most vertetrates begin to reglester histological changes in the
thyroid.

The histologicel changes degeribed by previous workers (review
sbove) are quantitetive rather than qualitative. Thoy indicate a
hypothyroid condition, but the gland remaing intact and continues to
funotion at a reduced level of activity. Salter (1950) hes concluded,
from work done on mammals, that hypophyscetony is followed by a hypos
sthyroid condition in which the bapal metabolism of the enimal falls
to about 80f of normal, but the symptoms of thyroid deficicncy stop
short of myxedema, "dpparently there is some natural activity on the
part of the thyroid which does not require the so-called tonie stimul:
tation of the pituitery hormone, at loast for a time", After a pro:
slonged period in this condition further atrophy of the thyroid may
ocour,

The present work has shown that the histological chenges 4in the
dogfish thyroid are qualitatively different from those dessribed above.
In Sexldephizng the significent foatures of thyroid inwvolution are dis:
1integration of the follicles and their replacement by connective
tissue. Those changes do not appear till pome considerable time (about
thirty-seven weeks) after hypophyscctouys the ovidence indicates that

they are progressive and would eventually result in complote replacement
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of the gland by connective tissue, It ie safe to conclude that
these changes would cause a progressive decline in thyroid function,
culminating eventually in en athyroid condition.

It 1s possible that the changes deseribed in Soylicrtimua
corregpond to the second phase of involution deseribed by Calter,
In that case two possibilitics muet be considered: either the ecarlicr
phage of involution (in which thyroid function declines to a "resting
level") is not represented in elasmobrenche, or if it does occour it
is not accompanied by any significent histological change.

Thepe is gome evidence in favour of the latter alternative.
slthough no significent histological changes could be detocted during
the thirty-seven weeks following hypephysectomy, there ie resson to
sugpect that a decline in thyroid function might have occurred during
that period., fvidence to thet effoct io provided by the redio-activ:
sity counts, which suggost a fall in I-uptake during the period in
quegtion. A fall in I.uptake by the thyrold is kmown to occur in
narnals after hypophysectomy (Leblond, S8e and Chemorro, 1940; Randall
and Albert, 1951). The 1311 studies reported here suggest thet a
gimiler fall might ocouwr in clasmobrenchs, However, the evidence
on this point is not conclusive, and if a fall in I-uptake doos ccour
it is probably slight,

The correlation between thyroid atrophy and hypophysectouy
clearly indicates the presence of a thyrotrophic hormone in elasmo:
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tbranche, Cuestions concerning the nature of that hormone end ite
effect on thyroid function must awalt future work. The only state:
smont that can safely bo made et prosent is that its ebsence event:
tually rogults in atrophy of the thyroid,

Regarding the site of production of the thyrotrophie hormones
The histological evideace clearly excludes the ventral lobe of the
pituitary. The histological eovidence also indicates that the nourow
intermediate lobe glgng is not responsible for thyroid control (teble
I). There is some sug estion that both the rostral and neuro-inter:
imediate lobes jogehher wight be responsible, but this possibility
has already been discussed and rejocted (pe 97 ).

The histological evidence favours the vicw that the rostral
lobe is the site of thyrotrophin production. This ovidence is supp:
torted by the 1311 gtudies which suggest a decline in thyroid function
after rostral loboectomy. However, further information conceraing the
site of thyrotrophin production is clearly desireble, 4 number of
fish have been retained for dissection et a later date, end 1% is
hoped that they will provide clear evidence on this polnt,

In higher vertebrates the tiyrotrophic hormone is produced by
the pars antorior of the pitultery. It is now generally accepted
that the rostral lobe is the homologue of the pare snterior (see re:
tview of literature on the pituitary), the regpulte presented hewe
therefore indicate that the rostral lobe is also the analogue of the
pare antorior « at loast in so far as the thyrotrophic hormone ie
concerned.
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Hyoophysectony results in degenerative histological changes
in the thyroid of Soyliczidimnge These changes can be detected about
thirty soven wecks after operation and become progresecively more pros
snounced, The histological evidence indicatee that thyroid control
is modiated by the rostral lobe of the pituitery, and shous, boyond
reasonablo doubt, that the ventral lobe is not involved.

There appears to be no significant reduction in thyroid cell
height after removal of the rostral snd neuro~intermediate lobes of
the pituitery. There appears to be no significant reduction in thy:
trold weight after removal of the same pituitary lobes; presumebly
the veight is meintained, after onsot of histologlcal degeneration,
by the comnective tissue which invedes the gland,

Studies with rediosctive iodine do not show any significant
difference (up to thirty seven weeks after operation) between the thy:
irolde of contpols and those of hypophysectomised fish, but such studs
ties suggest a decline in thyroid funetion after rostral lobectomy.

The significance of these results is dipcussed. There is
clear evidence for the presence of a thyrotrophic hormone, and it is
tentatively concluded that the rostral lobe of the pituitary is ree:

spongible for production of thyrotrophin,
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(8) Zik LS.
deyion of the ldterature.

chief?1 (1949, 1950 ) has deseribed the early development
of the gonad in Jorpede and Jexldophinug. e digtingniched a modulla
and a cortex in the gonad of both sexes. In the Joppado embryo the
mm-,mmnwmn.mrmummc
ipleur, the nogentery, and the fold formed by the latter and the somat:
ropleur, Later they migrete into the genitel ridge and teke up posit:
sion in the cortex of the gonad. In the female the germ cells romain
in the cortex, but in the male they migrate from the cortex to the
modulla.

hocording to Chieffi, in clder embryos the medullary tiseue is
replaced by leucocytess Presumebly those lemcocytes form the epigonal
tissue,.

Policard (19(R), working on young Rajidae, described the "stroma®”
of the testis as composed of lymphocytes end mononuclear loucocytes.
The tissue referred to 1s the opigonal orgen of later workers. - Poli:
reard asslgnod to the stroma a twofold function: formaticn of leucccytes
and mutrition of the spermatic ampoules.

Moore (1894) described the testis tubules of Joyxliorhinus
(Seyllium) ae composed of "foot and semen @ells”. In Young tubules
the foot cells are aggregated around the lumina and the scmen cells
are located outside the foot cells, The gemen cells divide end
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arrange thomselves in layers, ‘hon the gemen cells are three or
four layers decp the foot cells migrate through them "with a singular
amocboid movement" end take wp position againet the bounding membrane
of the tubule. In the following year Moore (1895) deseribed at
gome length the maturstion divisione im the testes of soveral elasmo:
tbranch gpecies.

Stephan (1902a) held thet the foot cells give rise to gorminal
cells, and questioned vhether the nigraetion deseribed by loore does
in fact oecur, He cxpressed the view that the definitive Sertoll
eells arc located around the periphory of the tubule from the time the
latter is formed,

The seme worker (Stephan, 19(2b) studicd the fate of the Sertoll
colls after discharge of the spormatosoa, The Sertoli nuclel divide
anitotically and the cells proliferate to refill the evacuated tubulos.
Somewhat later the tubules break down and the libereted cells contri:
thute to tho adjecent tispue., From the deceription given this adjec:
tent tlssue is clearly the opipgonal tissve. Stephan's description
was interpreted by Mathews (1950) es "implying that part at least of
the epigonal orgen" is derived from Sertoli cells, an fmplication with
vhich Mathews strondy disegreed.

Maximow (1923) reported that the epigonel tlesue of S, caniculs
produces leucocytea.

Battaglia (1925) studied the interstitial cells of the testis

e
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in four spocics of clasmobranch, including So ggalcuige From thelr
fivet appeerance,; in the zone of nouly formed tubules on ono slde of
the Gosblc, they have the gppoarence of coanective tigsue cells, ox
scept for the faet thet this cytoplasm contains gome lipold gramuloass
Passing seross the testls the tulmles becoms progressively more
motwrej the interstitial cells become larger, their lipeld content
incrosgesy and they ecquire a rounded, epithelial aspeoect. Dattaglia
suggestod that the interstitial cells of elasmobrenchs are analogous
to those of namals. |

Methows (1250), in a treatise on reproduction in the basking
shark, descrided the merphology and histology of the testis, Fach
tostis 1s swrounded by "a mase of lymphold tissve and crythrocytes”
which constitutes tho epigonal organ., fe reviewed the literature on
the opigonal ogan. Mabhows found that histologleally the cpigenal
ticsue of jala is similer to that of the basking shavk, and in both
specios "there can be no doubt” that it produces erythrocytes es well
as loucocybos.

Mdthouws also deseribed and figured migration of the Sertold
collas. Vhen Tiret dletinguished they form an unmistakeble layer of
collp surrounding the lumen of the yeur, MWhuie, He referrod to them
ot thilo dage as spermatogonia on the grounds thet they appear to contri:
tbuto, by division, to the nwber of germingl celles. However, Vdthews
goons to bo incorroct in thisy Fratimd (1953) has described the cells
in quegtion ap derived from comncotive tissue clements, and it hes not
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been confirmed that they contribute to the germinal elememnts. After
the germinal tissue has inereased to four or five layers of cells

migration of the "imner cells" takes place; the latter pass outward
botween the germina! cells and take up postion around the periphery
of the tubule to become the definitive Sertoll cells.

Mdthews found that shortly after the spermatosoa are discharged
from the ripe tubules the latter shrink in sise end the Serteli cells
begin to degenerate.

Fratini (1953) described spermatogenesis in the testis of
Sa.caniculge Germ cells and comncctive tissue cells are located
ageinst the ventral border of the teetis, They migrete toward the
dorsal side of the tesgtis and multiply te form seminiferous tubulcs.
Maturation of the germ cells takes place while the tubules are being
shifted dorsally, end the divisions are synchronous for all the germinal
cells in a given tubule., inally, the meture gpermatosoa are liborated
into collecting tubules on the dorsal side of the testis.

Fratini confirmed that migration of the Sertoli cells takes place.
Before the tubules arc differcntiated the germinal cells are irregularly
mixed with Sertoli cells, the latter belag derived from conncetive
tisoue clements. 4t a later stage the Hertoli cells take up a central
position in the tubule, bordering on the lumen, Finally they migrate
tovards the periphery of the tubule; migration occurs when the gorminal
cells enter upon the leptotene stage of the first melotic prophase.

Ford (1920) contributed gsome information on sexmal development
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and brooding hebite in fiw gpocies of dogfish, Ho reported that
soamal maturity o ususlly atteined by L. gedidculs et a length of
57 « 60 ome I8 i not clear vhat criterion of pexugl maturity Ford
used in the cage of tho male,

The effect of hypophysectony on the elasmobrench testis has been
investigated by Vivien. In the firet of two papers (Vivien, 1940) he
roported thot hypophysoctony in Jo gapdoula is followed by o progreesive
deelino in the tostis wolght/vody welght retio.

The following yoar (Vivien, 1941) he published & discursive peper
on the offects of hypophysectony in Soyldochiume end Sohiug (Teleostel).
This papor hes already been reviewed and only thoso findinge rolated to
the testls will be mentdoned here.

Vivien reported a semual cyole in Soyllovhimus, with a reproduct:
tive phage from Pebruary to July. During the rosting phese of the
eyele ho was unable to detect a reduetion in tostis volume, but reported
e chenge in mocrogcopic appearance.

Prlor to the onset of puberty hyporhysoctomy appears to have no
effect on the tectle, If carried out st the begimning of pubarty the
tegtle cason development., If performed on the adult the result is
otvrophy of the tostis, with cessation of spermatogenesis. These
findinge ere stated in $he form of conclusiony Vivien gave no detailed
rogulte, It 48 difficult to see how he could have arrived at such
conclusions since, on his oun adnission, both his records and his
histologlcal material had been destroyed (see p. 36).

T e R
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Eopabolosy. and Iataloay.

The Sostos of Soxldophisug ave pairod structurcs; they 1lie in
the abdonina’ cavity against the dorsal body wall, o which they ave
attachod by the mesorchia. Tbcyureowdinmamctﬁnw
elongated, stretching from a point near the oesophagus %o the rectal
gland noar the closce. fHowever, not all of this structure consiste
o germing) tiesue. The gernminal tiseue, or testis proper, occuplos
approzinately the enterior two thirds of this clongeted structure; the
miwmwdmmocfw&mﬂchﬂm
the "epigonal organ’.

The epigonal tismue 1s not confined to the posterior third of
tho tegtls (for comvoniecnce the whole structure will bo referred to
ec "Sostis”); 1t contimucs antoriorly as o thin layer lylng elong the
dowso-lateral border of the germinel tissue, This layer of opigonal
tiscue becomos progrocsively thinnor towards the enterior emd of the
testlis,

The close assocletion of germinal tissue and cplgonel tissue in
olasnobrenchs hae been moted by many workers, and the oplgonal orgen has
boen discugsed at gome length by Matthows (1950). It is now generally
hold to be o bleodwforming organ, not directly concerned with the
gorminal portion of the testis, Hovever, it is quite impossible to
separate the two tissucs, end all teptis woights in this thesis include
the woight of the cpigonal organ.
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Iotologically the testis shows a convenient separation of the
various stages of spermatogencgis. 4 crossesection at any point
along the anterior two thirds shows the same picture; the following
is a description of a typical secetion:-

Along the mogialeventral border runs the "germinal 1line",
congisting of primordial germ cells (pl. 5, fig. 20). The germinal
iine has also been referred to as the tubulogenie sone (Fratini, 1953).
The cells of the germinal line multiply end give rise to the gemini:
tferoun tubules snd thelr contained germ cellss as they multiply they
migrate dorso-laterally from the germinal line, The result is a sone
of young tubules, arranged in a semi-cirele outside the cells of the
germinal 1dne, Theso young tubules conteln spermatogonia (pl. 5,
figs 21).

thortly after the tubules are formed they acquire a luven.

The lumen is surrounded by a single layer of cells of characteristic
appearances theiy nuclei are elongsted in a direction radial to the
centre of the tubulej cytoplasm is scanty and the cells are closely
packed, Cutside this layer of cells is located the germinal tiseue.

In contrast to the eells juet described, the germinal cells
have rounded nuclei and plentiful cytoplasms In nowly-formed tubules
there is a single layer of germinal cells, but they soon increase in
mumber to form a layer several cells thick. [Ixternal to the germinal
tiscue there is the bounding membrane of the tubule,

It 48 now agroed that the radiel cells surrounding the tubuler
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lunmen eventually migrate to the periphery of the tubule to become
dofinitive Sertoli cells; however, that interpretaetion was st one
tine a matter of digputes, !Mgretion of the "foot cells” was first
doseribed by Moore (1294), but Stephan (1902a) questionod whether it
did in fact oceurj Stephan held the viecw that the cells surrounding
the tubuler lumen gave rise to germinal cells, and had no comneétion
vith the Sertoll cells. Subsequent work has confirmed Moore's inter:
:pretation (Metthews, 1950; Fratind, 1953); Matthows hes published
photomicrographs which show, beyond reasonable doubt, that migretion
does take place.

From the point of view of this work, the maln intercst of thoge
primordial Sertoli cells lice in the fact that they are disgnostic of
the spermatogonia region. By the time the gorminal layer is four to
five cells deep they can no longer be soen around the tubular lumen,
According to Fratini (1953) they migrate to the periphery of the
tubules at the beglmning of leptotene.

The region of spermatogonia passes distally®into the region of
primary spermatocytes. The latter is characterised by germinal cells
with large nuclei end ebundant cytoplasm (pl. 5, fig. 22). The
Sertoll cells are now arranged around the periphery of the tubulesp
they can be readily distinguighed since their muclel gre light-staining

¥ The proximal tubules are those tubules lying nearer the germinal
line; the diestal tubules are those noarer the dorso-lateral
border of the testis (gee pl. 5 fig. 20), The terns "M
and "digtally"” will aluaye be used in that sense,




(118)

and are pomevhat flattened parallel to the tubular membrene; in contrast
the gpermatocytes have regulsrly-rounded nucled which stain heavily
vith haematoxylin. VMany of the tubules in this region have no lumens
the lumina have doubtless been oceluded by proliferation of the germinal
cells,

Digtal to the primary spermetocytes lice the reglon of secondary
spermatocytes. The latter is characterised by germinal cells with
relatively small nuclei, the muclear diameter being about half that of
the primary spermatoecytes (fig. 22). Although reduction in sire of
the nucleous is the mogt prominent festure distinguishing this region
from the last, 1t should be pointed out that the cell size is corres:
tpondingly reduced. However, the cell boundaries are not easily scem,
and nuelear slse affords the cuickest and most relisble method of
identification,

The region of secondary epermatocytes passes distally into the
spermatid region (pl. 6, fig. 23)s The nuclei here are slightly
gnallor end stain more intengely than those of the secondary spermator
teytep., In some tubules Shey ere seen to have a rediel arrangement
with resgpeet to tho centre of the tubule, suggesting that the sporma:
18ids have taken up definite posftions relative to the Sertoli cells.
Apart from their nuclel the Sertcld cells cannot be dletinguilshed.

The spermatid reglon passes into the region of spermatosoa.
The trensition sone betwoon the tuo regions contains a mumber of
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tubules in which the spermatid muclel are undergoing transformation

into sperm heads (pl. 6, fig. 24). The spermatomoa are oriented with
thelr hoeds toward the periphery of the tubules; the talls occupy the
lundina of the tubules. They arc grouped in clusters, and each cluster
is assoclated with a Sertoll cell (pl. 6, fige. 25), In the proximal
tubules each cluster is composed of a loose aggregation of gpermatomoa,
but in the distal tubules the clusters consist of closelyw-compected

spermatosce, and individual spormatosoa can no longer be dligtinguished.

In this region the tubulep are seen to contaln g number of
hyaline bodios lying within the Sertoli cells on a lovel with the
middle pieces of the spermatozoa. These bodies stain with ecsin and
are slightly smaller than the Sertoll cell muclei. They have been
deperidbed by a mumbor of workers (Matthews, 1950), but their nature and
purpose are not knoun,

The outermogt tubules of this regilon have discharged thelyr sperm:
satozoa and are in process of imvolution. According to Stephan (1902b)
the fertoll cells roliferate et this stage, vith amitotic division of
their mwelel, They i1l the evacugted tubules gnd proceed to ingegt
the debris left in the tubuless The tubules then break down and
1iberate the Sertoli colls vhich mix with the adjacent cells of the
epigonal ticoue,

Stephan did not regard the epigonal organ as a seperate entitys
he considered it to be part of the testis. e deseription implies
that the epigonal tissue is bullt up, in part at lesst, of “ertoll
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eells released by the dlerupted tubules.

Stephan's work vas quostioned by Matthows (1950). Referring
to the "opinions” expreossed by “tephan, he clearly disagreed with the
courge of events deveribed by the latter. letthews found that after
discharge of the spermatosoa the Sertoll cells degenerete, and implied
that they do not conteibute to the epigonal tissue. This view was
shared by Fratind (1953). '

Throughout tho germinal portion of the testis a mumber of
collector tubules can be found. Their diametor is emall, end they
1lie colled botucen tho spermatogenic tubules. They were identified
by lMatthews es part of the rete testis,

Inboratiial cgllg. The inter-tubular tlssue in Soylioghiaue
consigte of scanty conncetivewtiseue fibreg among which can be found
a fow small, fusiform cells. The cells have the appearance of conncots
¢ivowtiosue clemonts.

The quegtion arisce whethor these cells can be regarded as ana:
tlogous with the interstitial ceclle of higher vertebrates. The litera:
tture on tho polnt 4s conflicting: according te Stephan (1902b) they do
not heve the appearance ("la constitution”) of the interstitial cells
found in higher vertebrates. llo suggested thet the endocrine role of
the interstitial cells in higher vertobrates is porformed in selachians
by the Sertoli celle after the spermatosoa have been discharged from
the tubules,
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Battaglia (1925) studled the interstitial cells in fouwr eclagmo:
tbranch spocies. Traeing thelr development from the germinal ldno
to the spermstosoa reglon he found them increesing in sise and lipoid
content, Ho considered then to be derived from comeoctive tisoue,
and attributed to them an endocrine function similer to that found in
narmals.

Mattheus (1950) mentioned the interstitial cells of Cgherbimus,
and noted that they tended to aggregete in groups, but mede no ouggestion
as to their possible function.

It will be gpparent from this review that there is no reel
evidence that the interstitial cells of elasmobranchs have am ondocrine
funotion. The work of Batteglia ie suggestive, but the presence of
1ipoid doos not demonstrate an endocrine function. From the scetions
studied during the courge of this work, there is no reason to think
that the intorstitial celle of Sgylicphbinug ere anything more than
comoetive tissue elements, They do not appesr to be affeeted by
hypoplysectony, but a 1ipoid study would be necessary before that state:
ment could be made with eny confidence, Since they showed no histo:
tlogical changes in eny of the operated figh they will receive no further
attention hore,

Yardability. Vivien (1941) wee the only worker to mention a
seaponal change in the testis of Jgylicrhimug. He recorded a change,
in maeroscopic appearance, from a uniform, creamy yellow during the
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regting poriod (August - January) to nmilky white with an ecinar structure
("structure acineuse”) whon £41led with spermatosos.

The tostes studied during the courge of this work showed no histos
tlogical changes which could be interpreted a» seasonal, The only
changes noted are correlated with size (and presumedly with age) of the
fioch: the larger the animal, the larger the crossescctional area of the
tostis and the grester the smount of spermatogenic tissue., However,
the relative mumber of tubules in each region remains falirly constaent,
regardless of testis sisze,

Sexual maturdfy. 411 the fish used in this work, with one
excoption, vere sexually meture. The oriterion adopted for sexual
matuwrity was presence of spermatozoa in the outermost region of the
togtis. Tho single exception was P 70 (comtrol, length 54 cm,) the
togtisc of which d4id not contein gpermatids or spermatozoa. Aeccording
to Ford (1920) sexual maturity is attained by both sexes of Seylicghimug
at a length of 57 « 60 ems P 70 was below this eritical slzo, and the
absence of spermatids and spermatosgoa was attributed to sexuel fmmabturity

Two other fish were below the eritical size given by Tordy these
were D 60 (54 om,) and D 20 (52 em,). lHowever, the testes of both
contalned spermstozoa and they were classed as mature yigh,

Since the fsh used in this work (with the single exception of
P 70) were sexually mature, 1t follows that the effects to be desoribed
apply only to mature fish, L.es to fish whose testes contain all stages
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of spermstogenesis, The pregcant werk allous ao stetement as to the
effuot of hypophysectomy on the lmmature testla.

TV A

The testes of £ifty cight fish vers goctloned and exanined; of
those twenty elght were controlms One of the contrels (P 70) was
found to bo immature, and will mot be considered further. The remain
ting thirty fich were total and partliel hypophyssctomies.

Moo feh ghoved varying degrees of regorption of the spermatids
end/or spormatosoa. These fish ave 1isted in Table V (p, 123a) which
saous the condlition of thelr pltultaries at diseection, Fowr vere
comtrols, with intact pitultaries; three of the remaining five showed
all lobeos of the pitultery represenied (though some lobes wero preascnt
a8 rounanis).

Tho testls of D 48 will be deseribed Tlret, since it shows re:
1eorption affocting both of the regions in question., Upcrmatogencels
appoars to be normal wp %o the secondary spermatocyte stage. Some
of the proximal tubulos of the spermetid region appesr normal, but
the dlgtel tubules show degenerative phomomeng., In the latter the
spernatide tond o bo
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IABLE T

23]

Tesbosr Regorptlion of Jpermaltids - Jparuuionoss

o]

ogrecegion of

t. goin (¢)

Fish or loss (=)
in g

—_—
D3 - 15
D 44(¢) * 42 prosent present | preseut 35
D 45(C) - 20 present present | present 37
D 46 - 210 - - prosent 27
D4s(c)| =50 pregent | present | prosent 3
D 50 - 20 w W presont 20
p 51 & 133 w pregent | present 37
D 78(¢c) - 45 presont prosent | present ki
P 61 - 148 W present | present 27
P— SR
(c) Conteols.

i Remant of lobe remaine in situ,.
- Lobe absent.
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clumped togother in scattered groups. Tho muclel are irregulsr in
sige; some are very large (sbout the size of primery spermatocyte
nuclet).

loving towards the spermatozoa, signe of regreesion become
gtoedily more pronounced (pl. 6, fig. 26), In the trensition sone
between tho two reglons, wherce the gpermatids are in processe of
changing to spermatozos, many of the spermetide have been resorbods
this is clear from the small ounmbers geen in some of the tubules.
Hgh magnification shous muclear material as threads and blods of
irregular gloe and shape,

The next region contalns mo spermstosoca. A1l the tubules
show nuclear debris; most contaln large hyaline, cosinophil inclusions
which appear to be related to the hyalino inclusions found in the
Sertoll cells of normal tubtles., The background material 4n these
tubules 1e provided by the Sertoll cells, the cytoplasm of which
appears to form a syncitium, Regorption of the germinal elements has
epparently been carried out by the Sertell colls.

In most of the testes comprising this group (Teble V) rescrption
has not progressed as fer as the spermatide; 1t 1o more or less confined
to the spermotomoa, D 78 4o typical: many of the distal spermetozoe
tubules of D 7¢ gppoar normal, but tho proximal tubules show resorptien
phenonena similar to those desaribed above.

In the affected tubules of D 78 the spermatosoa show a tangled
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arrangenont uhich is not characteristic of normal spermetoszoas
soatteored hore and there are threedlilke Tragmonts of muclear material
which cugrost breskeup of the spermetosoe. Many of tho tubules con:
stain elumps of spormatid nuelel which have not effected the change
to gpermatosoa. Those muclei lack the regulerly-rounded shape of
normal spormatids. They 110 within a vacuolated cytoplasm which has
the appearance of a gymeitiumg the latter might well have been formed
fron the cytoplagm of tho Sertoll cells, but 1t is impossidble to he
certaln,

There are Swo Sosbes in this group which merit special attention,
namely D 3 and D 45. In both of these resorption has affoected the
spernatlde, an? particularly those tubules showing transition stages
botween spermatide an? spermatozoa.

In the case of D 3 all gtages up to secondary spermstocytes are
present, and so also are spermatomoa, but spermatids are absent., FPl,
7, £4g+ 27 shous a cross-gection of the testls colouwred with Sudan
Black, The reglon of degeneration is seen to be strongly sudancpiil,
inMoating the prosence of lipoide. It stretches in a clearly-defined
band scross the testis. Pl. 7, fig. 29 shows part of the affentod
region et higher magnification; for comparison pl., 7, fig. 28 ghows a
similar rogion from @ control testis (D 4) in which these resorption
phenomena do not appesr.

The tubules in the affected region of D 3 are shrunken and
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£11led with o syneitial, vecuolated oytoplegn. They show clumps of
nuclear meterigl, smong which 1t 4 poseible to recognise occosional
epermatide and transition stages botween spermetids and gpermstozoa
(ple 7y fig. 30),

Testis D 45 (control, pl. 8, fig. 31) 15 similar o D 3, but
regorption has affected the transition stages between spermetids and
epermatonoa rether than the epermatids eensu striecto. A feow proximal
spermatosoa tubuleg also show eigng of resorption,

Sompente Tostis D 3 will be commented on at some length in
a later poction. The lipeidal depenerstion seen in D 3 has affoected
a woll defined portion of the perminel epithelium., This type of
offeot 1s characteristie of hormonal deficicney, snd there is some
suggestion that the condition in D 3 might be a longetorm effeet of
ventral lobectomys however, the effect in cuostion canmot be attributed
to hormone defieiency for the following reasong:=-

(a) A similer, though loes clesrly defined, offect has appesred
in a contwol, D 45.

(b) 4 second contrel, D 42, shows rescrption of both epermatide
end gpermatosca. In the remaining fish of the group resorption phe:
snomena are mors of legs confined to the spermatozoa.

Clearly these testes ean be interpreted as a serics in which
regorption may affect either the gpermatids or the gpermatozoa or both.
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Thore 18 no case for atteriduting rescrption to pltultary deficloney,
slnco the of feots in question appear in controle s well as in
hypophysectomised fish.

Mtomts to explain these resorption phenomens have not been
fully convincing. The fectors 1ilkely to be responsible will be diss
senssed under the following headst-

(1) Soappnagl chapge. The Mterature bearing on this point
hes alreedy deen montioned, Vivien (1941) reported changesz 4in the
maeroscopic appesrance of the testes of Scyliorhizug which he corres
1lsted with reproduction. Vivien's report hes not beoon confirmed at
this laboratery; the testes of Soxliorhinpg have a falrly uaiform
appearence at all sessong of the yeor,

fecording to Vivien the reproductive oyelo. of Sexliophiine
shows a resting porled from Mugust to Jammary. This !s, presumably,
the period during which such effocte ass those deseribed above could
be expoctod to appear, lMowewver, most of the fish ligted in Tuble V
were disgeeted in Pebruary end Marchy the remeining fish of the group
(Teble V) wepe dissected in July, October and Docember, Yoreover,
1€ the phenomena dreseribed arve soasonal effocts they could be expocted
to appear in the tostes of a mmbor of other fish disseeted ot the
came time ao those in Table V. Thet they do not appedr in the other
Meh can be takee ap further evidonce aspeinst this hypothesis.

IR RN, e e
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(2) Inanition. This scoms the most 1ikely explanation of the
observed effects. Table ¥ shows the welght gain (¢ ) or loss ( « )
of each of the fish ligted. 'ost shov a loss of weight over the
period of the experiment,

However, many of the other fish used in this vork sleo suffered
a wolght lose, and showed no signe of the resorption phencmena dees
teribed, It moy elso be noted that Swo of the figh in Table V ghowed
a gain in weight,

Acoording to Selye (1949) inedequate diet may cause involution
of the testis i~ higher vertobrates. A number of workers have re:
tported on the effect of inanition 4n Amphidbla, and the llterature
on this work has been summariced by Van Cordt (1956); starvation hag
been found to inhibit spermatogencsis in some specles but not in
othors.

Inanition serme to provide the most pleusible explsnation of
the effects deseribed abowe, since thare 1o some gquestion as to whether
the diet used wae adecuate. Tt 4o not clegr vhy inanfition effects
should appear in thege few fish and not in others; all the figh used
in this work were piven the same Mot and the sene emount of food
(36 pe horring ner week), Nor is 1t clear why in some casece thare
should be resorption of spermatomoa and in other cases resorption of
spermatids. Hewever, no othor hynothesis scenme to offar a more
adequate explanation of the obgerved effeots.

(3) Gbher fagtgrg. The literature on the various "stimuli”
capable of causing involution of the testis has been discussed by
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Selye (1949). iile conclusions apply to higher vertebrate, but the

stisull in question may be mentioned here. They include digease, age,
teaporature, light, stress and others. lone of these can be demon:

sobrated to apply in the pregent cease. The fish used in this work

wero kept under identical coviromental conditions, and most appoared
normad end i good health sl dissectiony ouly twe were dissectod poste
morben (D 40 and U 40) and their testes showed no signs of histolyeis.
4pe wust be regarded as en uncoutrollableo variables there is no roason
to think that the fish in Teble V were older than most of the othare

used Lo this work.

It may be comcluded that the cause of the degenerative chenges
deseribod above 1s nobl clear, In the sbsencs of a more couvineing
explenasion the changes in quostion may be tentatively aseribed to
inaniticn.

leskia lds s mentioned above, the degeneration found in the
gpernatid reglon of U 3 is limited to a particulerly well defined pors
ridon of the germingl epitheliws., There are certain points relating
to this {ieh which deserve attoubion, and further comment secns
advigablo,.

in D J the veniral lobe of the pilultery was found to have been
soverely danaged (see p. 137) whercas the ventrel lobes of the other
fish 4n the group wewe iotact ot dlssection (Teble V), It will be
shown later thet certain degenerative changes affecting the early
gbages of spermetogenecsis are correlated with ventral lobectomy (D 3
is one of the fish which showed such changes) and it soems possible
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ventral lobectomy. [urthermoro, D 3 was dissected twenty nine weeks
albor operationy this represents a longer "survival period" than that
recorded for suy other Tish after ventral lobuctomy, 1% follows thet
the gpernatid rescrption desuribed above could well be a long-term
effect of ventral lobectomy,

tiowevor, on the evidence aveilable there apprars to be no elfer:
snative but to rogerd D 3 es ono of tLhe gerics treated above. While
doing oo it wight be advissble to make somc roservation in cese future
work should show the spermatid pesorptlion found in this testis to be @
real offect of hypophysectomys

ne of the thirty hypophysectomised fish showel degenerative
changes which werc confimed to the sarly steges of spersatogencsis
(spermatogonia end primary spermetocytes). For reascns which will
appoar later, this is comsidered Go be a resi effect of hypophysectomy.

The fish in question are listed in Teble VI (p, 130a), the
frst column of which is an sttempt to assese the extent of degenara:
rblon 4n cach tesiis.

in overy case there is a more or lose well defined band of
degeneveting tubules stretching eeroes the tostis (pl. ¢y fig. 3R).
This band usually lice between the spermatogomis end prinery spermatos
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soyten (p1. 2, Mg, 33), tut in ono cace (P 60, see below) the smene
of degenerction intrudes emong the primary epermatocytes.

Tn the tegtes 4in quegtion tho peeximal tubules of the eperme:
stogonia region sprear normal. Paseing distally, sicns of degeneras
ttion ugually eppear in those tubules with four or more layers of
gpormatogonia; sometines they can be detected in tubules with two to
three layers of spermatogonia. In these tubules tho epermatogonial
nuclel staln intenselys they lose their regulerly-rounded shape end
show signe of dlsintopration. Adfacent muclel may be clumped together
to forn isolated groups of four or more (pl. 9, fig. 34).

Within a very short distance of the point et which these chenges
appoar the tubules show a marked reduction in the mmber of germinal
melel, Pl. 9, fig. 34 shows o tubule bordering the zone of degonera:
:tion in which the mmber of spermatogonial muelei 4s estimated at lese
than half tho normal complemont,

In contragt to ths germinal melef, the Sertoll melei do not
arpear ¢ be affected. Soon after the sbove changes eppeaer the pri:
smordial Sertoll cells Adlsperse from tholr positions eround the lumen
of thoe tubule (pl. 9, fig. 34). However, thoy do mot take up rosition
around tho perishery of the tutule, as is normally the case; instoad
they 1le seatteped among the depenersting spermatogonia.

fron this deseriprtion 4t wonld appear thet degoneration of the
gpermatogonia 4s syrchronous with migration of the primordial fertold
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colls, Towover, thore is some reason for thinking that the dlspersal
of the primordial Serioll colls dogeribed shbove does not corrospond
to the migrotion seen in normal tubules. That viow is suggested by
tvo observations: first, the Zertoll cells apparcntly do mot reach
their definitive pesitlons aguinst the tubular membPane; secondly,
thelr dispergal ocowrs ab an earlier stoge then migretion, P1, 9
f1g. 34 shoup that dlsporeal has cecurred in a tubule conteining two
to three lgyarg of spermstogoniae; migration cecurs at o mueh later
stage, vhen the tubules contaln Four or five lagyors of gpermatogonia,

Later gtages of tho dWauvo procoss sro seen in pl. 9,
figs 3%« There 18 progrossive reduction in the mumber of germinal
nuclel, ususlly accompanied by elwrinkage of the tubulcs. Fragnonts
of darkestaindlng muwlear materlal aro secabttored throughout a oytos
tplagmie natrdx, The latter hag the general eppearsnce of a gyncitium,
but a fow cell boundarics can be detected, The Sartoll muclel remein
noraal in gppearance, bub thelr mmbers become reduced as the degonera:
t¥ive process nvers completion,

Metally the zone of degeneration gives way to intset tubulos
conbalning rrimary spermatecytes. The transition from dagenerasling
to intect tulules 1s often sudden (pl. 9, fig. 33) but i1 some arces
it 18 groduel, f.e. the sone of degeneratien has begun %o intrude on
the prinary gpermatocytes. To such aress the proximal spermatoeyte
tubules shov early degenerative changes slmllar to those described
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above (pl. 9, fig. 36). Clumplng of the gpermstocyto mclei, in
crowpe of fouwr or mere, 1s a particulaply notlcesble feature,

In one teptis (P 60) thewro is ovidence that the zone of
degenoration nay not alusys be confined to the transition reglon
botwoen sporratogonia and primary spermatocytes. In the area showm
in pl. 10, £ig. 37 tho sone of degeneration lles Letween primary and
socondary spormatocylos.

In P 60 the af'fected tubules are ghrunken snd most of thelr
germingl elemonts have been regorbed, Thoy contain a few scattered
mecled which are ceglly rocognizeble as thosc of primary spernatocytos.
These iic vithin a cytoplasic mebrix which £ills cach tubaule, 4
fou Sertoli nuclel cen be seen aboul the periphery of the tubules,
Theve 1s a sharp trangition betueen the sone of degoneration and the
socondary spormatocytesy the latter show no sign of degenerative
changes.

The affocted tubules in P 60 diffar, in some respocts, from
those deporibed above (compere figs. 34, 35 and 37)., Clumping of
the muoloel is rare in P 60, and nuclear dobrig 1s scldonm geen. ous
sower, obher tostes show that ome type of pleture ean worge into the
other, and there le no quesbion of two digtinet rescrptive procousce
belng involved.

The testes of two fish (P 42 and P 71) contalned no poinary
gpermetocytons. The sone of degeneration is bownded proximelly by
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- gpermatogonisa, in which degenmerative chamges can be detected, and

is succoeded dlstally by secondery spermetocytes (pl. 10, fig. 38),
There i¢ no olgn, in the testes of either fish,of degenerative
changes avong the secondary spormatocylegs

1% is not Aifficult to suggoest an explanation for the abeenve
of pringry spermatocytos from the testes of these two figh, Oradusd
encroagchmunt of the zone of degeneration could have deetpoyed most
(perhaps all) of the primary spermatocytesy prosumably the contents
of any tubules nob affected by dogemeration vould eventually have
made the change to secondary spermatocytegy end the condition exist:
ting in thove teates would have resulted.

Te purguc the point: hed these fish been allowed to live the
secondary spermatocytes would presumably have given rise to spermatids.
In due cowrse the spormetidc would have given rise to spermatosoa,
uhich would cventuglly have been digchavgeds The énd polint would
have been o testic contalning no gerdnagl tissue except possibly
carly spermatogonia (there fs no evidence that carly spormatogeonis
are affocted by the degenerative changes deseribed)., Tt follows
that in theery the degenerctivo chauges doseribed, though limitcd dn
extont, could ultimately have regulted in complete agperwula,

WW .
Throe fish showoed traces of the coniitlon desawribed above.
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They are ligted 1o Table VIY A (», 135h). Mno of those (P 46) wag
a comtzol, Tho testes of 2l throe showod a fow tubules, in the
mmtqzodo—prlm mermatocyte roglon, in which signe of degencras
1tdon conld be detected, P31, 10, My, 39 shows a group of such tubules
from P 663 olumping of tho melod is apparent, and fragmonts of dorke
gtaining meloar matorflal can be deteeted in placen,

Slene of degeneration wore not considered ¢o be sufficiently
narked in these throee fieh to warrant their inclueion in Tuble VI,
The faect that one was a control is signiflecent: 1t supeents that the
tranaition from epernetogonia to rrimery spermatocytes should be
regarded as otivdcal to the woeoese of ppormstogenceie,

fomment. The degenerstive changes deseribed are confMned to
tae gpermatogoundal and prinmary spermatocyte regions of the testls.
There ie no evidence that other regions of the testis are affeeted,
There 15 nd reeson to think thet degererstion was a trensiont phencmenons
the absentce of primary spermatooytes from P 42 and P 71 indiceteos Shat
depgenoration had been in progress for some time in thoso testes,

Tobleg VI end VII show that the chances deseribed ars corrolated
vith hypophyoectony. They occur in Wnophwwtom:ed f4sh (Table VI),
but, with one exesntion (P66, Table VII A), they wre abgont fron contpole
(Table VIT B),

Inepection of Teble VI allows & moro definlte gtotoment on the
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LABLE Y]

Degenerative changes affecting spermatogonia - primery spermatocytes.

™o
na | NRE,, | S | S Atvgte
(w0 s) Hostral l.| Neint.l. | Ventral 1.
—_—
D3 x 29 - - u
P 7 x 14 - - -
P45 x 13 present - -
P 60 = 4 “ present .
P37 X% i5 B ¢ -
P 36 3K 8 mresent present -
P 80 X 5 - - w
P& 20X 24 present present -
FT 00X 23 - presont -
.---Lu-----;--L------uL-----—a-a--ananumu-----d

¥ Remmant of lobe remaing in situ.
« Lobe absent,
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LAaRb B dld.

A Traces of degenevation in gpermatogonia - primary spermatocyto sone.

Time
st mmmmm
Fiech operation
{weaks) nostral lobe | l.eint. loba | Vontral lobe.
D 55 6 - v presont
P 56 u - presert
¢ 66(0) 6 pregent present preassnd

Be

Spormadogonla and

prlnary spermatooyte reglons of testis normal,

4 5= 5 - - praascnt
1 26 - prosent prosent
3 5 e 35 o 9 progent
1 27 W - pregent
3 4 =25 ] % present
7 - 37 L progent prosent
26(c) 3= 50 present pregent pressnt
— — P R — .
() Contwele.

L

“onmant of lobe remalns in situ.

lobe absent.
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point, In gix of the mine fisch listed the ventral lobe of the
pituitary vas Tound o be absent; in ecach of the other tihwee cases
tas venlpral lobe wase represenied by a remnant, It can therefore be
sbated that Ghe degenerative changes described are corrolated with
sboonce of all or wost of the vontral lobe.

Un the other hand the degenerative changes in quegtion camnot
be related to abgence of the rostral lobe or to absence of the nouro-
iobevuediate lobe of the pltudtary., fTsble Vi shows that the rostral
lobe was iuntect ia three of the {ish concerned end a rempant vas
present in a fourthy the nouro-intermediate lobe was intact in four
fish and a reunant was present in a fifth. It follows that the des

tgeneative changes described in che testes camnot be attributed to
aveence of those lobes.

48 gbated above, a remnant oi the ventral iobe was found in
thwee of tue fish listed in Table VI (D 3, ¥ 60 end ¥ 80). The term
"remnant’ is openn to different interpretet.ons, and, gince it ascumes
some importetce ia the present context, there is a case for stating
woyoe preclsely what the term implies.

when applied to the rostral or the nouro-intermediate lobe the
toarm “ronnant” cen be defined with a feir mcammwe of precision. It
can be teken to mean a portion whose gise does not exceed 105 thet
of the average lobe.

ihe slge is cstimated Dy examination of serial sections,
Though simple in prineiple, this wethod wes mot elvays eesily epplioeds
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and, since it vas clearly incapable of meapuring functional eapacity,
no attempt was made to reduce tho estimate to a procise figure for

each gland. Howev r, 1% could reasonably be expected that funetional
capacity would be roughly proportional to the amount of tissue present,
and 1t was felt that en estimate of the kind given above was in order.

With regard to the ventral lobe the position is not so straight:
tforvard. The problem encountored was inherent in the surgical
procodure used. The ventral lobe waes not dissected; insteed, an
attempt wae made to destroy it by cautery and seeker. Obvicusly,
thies procedure could result in extensive damage while leaving much of
the tipsue in situs This did in feet occur in two of the fish listed
in Teble VI (D 3 and . 60),

D.3 is a case in point. Pl. 11, fig. 41 shows a parasagittal
section through the ventrzl lobe, For comparison pl. 11, fig. 40
shows a similar section from a control (D 4). The contrel seotion
shous a ventral lobe with a large lumen and numerous peripheral divert:
ticulee. The epithelium is high columnar, and tho lumen conteine en
eosinophil colloid. There are a mumber of small blood vessels between
the peripheral diverticulae.

In contrast, the ventral lobe of D 3 shows only traces of a
lumen (fig. 41)3 the epithelial cells are pyknotic, and there are few
blood vessels, The general appearance suggests that this lobe had
suffered congiderable damage.
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It is questionable vhother any purpose could be served by
abtonpting to assess the gise of the remngnt in D 3. As for as the
lumen ip concerned, destruction is almost complete. IMuch of the
cptmnmumnm-m.mmoommu.muum
anuwmrmmam.mnwlmo:
functional capacity.

The ventral lobe of P 60 is similar to that of D 3, and the
problem presented is the same., The ventral lobe of P 80 shows more
extongive damage than the other twoj since testis degeneration in P 80
is quite marked, it seems advisablo to deseribe the ventral lobe.

Over much of its width the ventral lobe of P 80 has been eoms
spletely destroyed (pl. 11, fig. 42). Laterally there is a remnent
which appears to have escaped damage. Pl. 11, fig. 43 chows a section
through the remmant, The lumen is patent and contalne colloids the
opithelium is high columnar and there are a number of blood vessels in
the vicinity. Although small, i%s sige 48 that typical of an extreze
lateral soction.

It will be apperent from the foregoing that the ventral lobes
vere soverly demaged in these three fish. In the six other figh
lioted in Table VI the ventpral lobes were completely destroyed.

Ventral Jobectony was attempted in eighteen other fish without
sucoepd. In these the ventral lobe cither showed no eign of damege
or showed localised traces of damage, the latter so slight that the
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lobep in quegt on were considered to be intact. These eighteen
fish appear emong others listed in Taoble VIIj their ventral lobes are
clacoifiod as "present®,

It has been pointed oat that testis Jdegeneration is correlated
with hypophysectoryys The ovidence presented in Table VI has shown
a declded correlation between the degenerative changes in question
and abpence of, or severe damage to, the ventral lobe of the pitultery.
The "negative” evidence in support of that thesis is presented in Toble
Vil. Though less striking then the positive evidence alrcady die:
scussed, it 1s no less significant.

Mirst, theroe is a case for excluding from the discussion the
three fish listed in Table VII 4, The degenorative changes in the
testeos are not sufficiently marked to werrant inclugion of these fish
in Teble Vij on the other hand the testes could hardly be classed as
"normal®. Perhaps the eigne of degeneration should be rogarded as
defining a critical gtage in the process of spermatogencsis, 1.0. @
stage at which spermatogenceis could be expected to break down under
adverse physiological conditions. Table VII A shows that the condition
of those testes cennot be attributed teo hypophysectomy: one fish wae
a control, vith an intact pitultary; of the other two, onc shoved a
romnant of the rostral lobe (P 56) and the other showed a remnant of
the newro-intermediate (D 55)s The ventral lobes were present in all
three.
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Pasging on to seetion D (Teble VII), the evidence presented
shous: (a) that presence of the ventral lobe is carrelated with a
hstologically normal tostiss (b) that ablation of the rostral lobe
and/or the nouro-imtermediete lobe does mot affect the testis.

Fish D 1 may be eited as & cese in point, It was dlssected
£ifty fhve wecks after operation. Serial seetions of the pituitary
region confirmed the absence of the rostral and nouro-intermediate
lobes, but showed the vemtral lobe to be intect (pl. 12, fig. 44).
It may be noted in pessing that this was one of the figh in vhich an
attempt had been made to destroy the ventyal lobe by geeher. The
sections showed no evidence of damage to the ventral lobe.

The testes of D 1 appeared normal, with all stoges of sperms
tatogencsis represented. There was no sign of degenerative changes
in the spermatogonie~primavy spermatocyte reglons (pl. 12, fig. 45),
or in any other part of the testis.

Table VI raices one further point, It might have been expected
that the extent of degeneration in each testis would dopend on time
after operationy i.e. that degeneration would be slight in figh die:
1gocted ghortly after operation, and would become more marked as
"tine after operetion” increased, However, Table VI shows no corre:
tlation between the two parameters.

The technfique of ventral lobectomy provides a possible explana:
:tion., Thore is no means of telling the extent of the damage inflicted




(142)

on the ventral lobe at the time of oparation. Twen wvhen a ventral
lobe 4o ebsont gt dlssoetion there 1s no guarantee thet dogtruction
uas entire o8 eperation. In such clrcumetancos it 4s clearly im:
sposeible S0 say ot uvhet point in $ime the ventral lobe hecomes ine
reanable of supnorting mt-ogemeu. T™hic statemont, of eourse,
asgumes tho valldty of the -~onclusion that goned fumotion 4s under
contyrol of the ventral lobe,

Toghin toichte.

Toxt M. 6 (0.142 ) 8 a graphical presentation of the teptis
velghts of those fish ligted in Tables VI and VII, The wolghts ave
rolated Lo boly welpght and plotted apainst "time after operastion”,
The oraph makes no allowance for pituitary remnamte found in certain
fish st discectiony to allow for such remnants would have unduly
complicated the pleture.

The plot shous = wide scatter vhich makes interprotation 21001y
sonlt but also serves ep a meagure of digpersion. Thore lg perheps
a slicht decline in testis welcht, 4in controle es woll ss hynonhy:
1goctonios, with time after operation. There 18 no evidence thet
hypophyscotom: cavses a deeline in testls welght/body welght ratlo,
Howaver, the mmber of PMeh in esch operstiona) catesory ie small,
and the rospibility that a slight Aceline ocours 18 not exoluded bWy
the evidenco presented here,

SRSESEW
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T4 can be sald that the ﬁmm on vhish this grevh 1r based
do not corroboretas the flouraa rubligh-d Y Vivien (1920),  According
fo Tivlen the tostla/ody welght ratdo “alle steaMly afor hyponhy:
sgeotory,; reachng e valuc of 008 (1,0, 6.0 on tho scale used here)
gome thirty olx we-ks affer eporation, ‘hen plotted Vivien's fipures
£211 on s Maograrmatic curve., lHowever, he 414 mention that certeln
fish wore 100t out of his statletlical amelysis ("ceux prisentant vn
état physiologlque defMelont on 8o’ seartes dop statistiques®)!

DMampalon.

The evidence presented here constitutos a etrong case for the
hymothoals that spermatogenests in Joylorhimig i controlled by the
vontyal lobe of the nitultory. “uch control 4s presumably exeroised,
a0 in higher vertohrates, by means of one or more gonadotrophic hormones,
an? somo conslderntion of the pitultary gonadotrophins is in order,

The worls on higher verisbrates, paerticulerly mam-als, has ostar
thlished the nresence of thres pituitery gonadotrephing: the f01140le
ptimlating, Iudeinieing sn’ Inteotrophic hermoncs (FSH, IH and ITH).

o physiological function has been aseribed to ITH in the male, oYthough
tho hopmone ocours in the male plSuitsry (Creep and "hester Jomes, 1950),

Althoush o grest deal of work has been done on TSH and IH in
hisher vertchretas 18 4- atil) net clear what part each plays in eoms
strolling togtis function {see reviows by Twrner, 19423 Oroep end
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chosber Joaes, 1950, Tvans anl Shupson, 195C; Melson, 1932), Tarly
work led to the view that I'SH contecls spornatogenesls, vhereas LH
coateols the Luberstitial tilssue, laber 1t wes shown that low
dosages of Li werc capable of malnbaiuing the spermatogenie epitho:
tldun, and thet under certain clrcumetances androgen 1s also cepable
o. nadntaeining gpermatogenesis. Cuch fladings have led to the ox:
streme view that gpermatogenesis is controlled by androgen, and the
piltuliary goasdotrophins merely scxve %o malntsln an adequate suply
ol wndvogen (Jurrowe, 1949).

I% 18 now generally held that FSH and L ect gynerglstically.
Spepmatogencsils is controlied primarily by FSH while LI controls the
intorstitial collsy the latter ls alscempadle of affecting spermato:r
sgenesls through the m&d‘hm of aadrogen produced by the interstitial
cells.

Little 1s knoun of tho gonadotrephins of flsh., The litaratuve
on the gubject has besn revicwed by Hoar (1955) and by Plokford and
sz (1957)s There secms ‘.grcason to deubt that the gonade arc under
pitudtary conteel, both in telsocls and in clasobranchg. The preg
sence of iUl and LU hes nob Deen cpbablished, but specille verslouns of
both hormoucs way well be prosent: the gongdotrophine of higher vortet
sbrates are protein hormoncs and there ig ovidence that they sre CrOUpe
gpeeific and even cpeclogegpecdfie (Creaser gnd Gorbman, 19395 tochi,
1955; loblc and Plunkett, 1955 Plckford and iz, 1957).

i
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Ny-erhyscotomy has bean found to caune rocrosaton of the
tegtie in al) vertolrate groups. 411 workers hove roported adverse
effeots on gpermatopencels. A Wrlef review of the literature wil)
show the changeg bronght sheout by lpoplhyscetony and the time re:
squined for thops chanpes to appesr,

Tn the rat teatln Oish (1927) fourd rogrecsive changes M™Mftoen
daye aftor operation, Smith {1930) ranorted deeraase in slize of the
goriniferous tuhnleos and notod that thinsty forr deya nftor oporation
only sparmatoronia and depenerating spermatooytes are nresent,
rfollin, "olye and Thomson {1233) earried ot hynevhysectormy on a large
mumbor of rate; thay confirmed thot testioular atrcpﬁ:r follous the

sration and mentionsd "reduotion ..... of germingl epitheliun® ae
one o tho offaste, Tolye (1949) uvas somovhiat move speelfic: he re:
:ported that tuenty olght days after hynophyzectomy only spernetogonia
and prinary spernatocytes are preeent 4in the rat testis,

Papheaps the most detelled sseount of the changes in the rob
togtls following hyporhyseatomy 4s glven by Ceombe and Mavghall (19%6),
The serdnlferons tubuleos show r-Mfetion in dlameter and lipoid depen:
reration, Those ~hanges gppear in fourteen days, at which time a
reduction in the mmber of spormstozoa iz noticeabla, By the fourth
wook aftor enorotion the shove champes are pronowmeed and spermatoros
ars no longor rregent,

The Hberature on the effects of hynenhyecctony in bYirds 49




rot extenolve., M1l and Parkes (1934) reported testiculer atrophy im
& muber of gpeclesy twe wooks afler operation gparmalogsos are abeent,
and by flve weoks only spermstogonia remain. Coombs and Varsohall
(17%6) roported that within govenlecn deys of cperation the testis
tobules of cockorsls show degenerstive changes but they give no debeils
ef the offeet on gpermatogendsis,

“chasfar (1932) has givea a skelehy account of testls degeneres
1%lon In the gerlor snakeg his mention of "degenerstiag spermatocytes”
shenld parbaps not be taken literally., right (1956) has described
the %estic of Aggmg ot thirly fowr %o thirty nlne days after operationy
gpernatogonla an? gpermatoojles are sbundaut el thol time, Lub epoirues
ttddo aro rare and gpormatoson abgont,

The offeet of hypophysectony on the awphibian tostis hes been
degoribed by Canllery (1940), Tuchmenn-Duplossis (1945), Van lordé and
Van Oordt (1955) and by Ven Cordt (1956). The pattern of degeneration
fe the sauey the spermalosoa are First effected, wad eveutually the
germinal tlocus 1s reduced to spermetogonla, The oarliest effect was
reported by Van Cordi and Van Cordt on Jung lospenapdss in this gpecice
the germingl elemonts are roiuvced to "primary spornatogonia” wituin fours
ttoen days 1 the operation 18 perfopmed in June,

In $elecsts the o’ ects arc similar, latthews (1939) and
Plekford (1953) foudd thet in Jundulug ounly the gpermatogonia remain
unaffectod, Caullery (1340) has roported thet in Sghiug sperwatids

Eals
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are abgent ninety four days after operation, but some spermatosca
are mnﬁemt. This is the only case in vwhich disappoarance of
the gpormatide is reported to precede that of the spermatosca. The
earlicet effect was reported by Matthews on [updulugs; he particularly
mentioned two fish, hypophyseetondsed in October, which showed marked
reduction of the gpermatids and spermatosoa aftor ten and thirteen
days.

This reviev 18 not exhaustive, but 1t serves to show that
hypophysectomy is followed by a progressive reduction of the germinal
olements., The oldest clemenmte arc first to disappesr (oxcept possibly
in Gobiug); they are followed by progressively younger elements $111
finally the testis contains only spermatogonia.

The pattern of testiculaer regression which cmerges from this
roview of the literature suggests that the qondotrophic hormones oxort
a generalised effect on the gpermatogenie epithelium, 1.0 that they
exert a trophic influence on all stages of spermatogenceis. However,
there is rcason to think that such is not the case, Van Cordt end
Van Ocrdt (1955) and Ven Oordt (1956) have sugpested thet in [gng
gonadotrophin deficieney affects the gpermatogonia, which apparently
lose their capecity for mitotic division. GCaarenstroom and de Jongh
(1946) put forward the hypothesis that in memnals FSH stimulates
production of spermatogonia; Nelson (1952) re-examined that hypothesis

in the light of further evidence of a clinical nature and concluded
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that in man FSH gtimulates production of gpermatogonia and formation
of primary spermatocytes.

In Soxldorhinug the histological changes sttributed to hypophy:
1scctory were confined to the spermatogonia and primary spermatocytes.
In the light of Nelson's work it may reesonably be suggested thet a
hormone of the FSH type ie pregent in elasmobranchs, and that the
degenarative changes deseribed in the testis of Soyliophimug were
directly due to a deficiency of that hormone,

It 4p relevant here to noto that the elasmobrench testis has
proved particularly suitable for this study in that the offects attri:
thuted to hypophysectomy could be localised with a measure of precigion
which gppears to be uniques it has been possible to determine that the
offects in question were confined to the spermatogonia and primary
spermatocytes. Judging from the literature reviewed above, this
advantage has not been enjoyed by other workers, and 1t is undoubtedly
due to the well marked Mioncfthodogﬂohm.

In the testis of Joylicrhinug the various stages of maturation
are set out in e clearly defined sequences all the tubules composing
a given region contain germinal clements et the pame stage of maturation,
Only in uredele amphibians doee the testie show a similar arrengement.
In all other vertobrates each testis tubule contelne germinal eells in
all stages of maturation, en arrengement that does not lend itself to
the study of localised changes affecting a particular stage of sperm:
ratogenesis, This might account for the fact thet other workers have
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been unable to demonstrate a localised effect on the germingl epith:
telium af'ter hypophyscctomy.

One further point remains to be considered: the litereture re:
sviewed ebove has shoun that histological changes can be deteeted &n
the testes of mammals, birds, amphibians end teleosts some two weeks
af'ter hypophysectomy. In Soyliorhinug the changes attributed to
hypophysectomy were firet seen five weeks aftor operation (P 20, Tuble
VI). 4t that time they were already well egtablished, end it seoms
not unresscnable to suggest that the time of onset in Sovliophinug is
similar to thet in other vertebrates, namely about two weeks after
hypophysectony.

The results achieved in this study have led to the conclusion
that the ventral lobe of the elasnobranch pituitary produces gonado:
ttrophin(e). However, the evidence presented is mot complete. There
is a clear need for further investigation by replecement therapy, using
ventral lobe extracts as well as gonasdotrophins from other sources.
Assays of ventral lobe material for gonsdotrephie activity are also
indicated. Finally, it i suggested that the method of ventral lobect:
romy outlined on p. 65 should bo employed in future work involving that
operation, since 1t shows promise of enswring complete removal of the
ventral lobey the method suggested has o further adventage in that the
remainder of the pituitery is not cxposed and suffers no damage from.
the operation.
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The testes of certsin cxperimental {ish showed resorption of
the spermatids and/or spermatomoa, These regorption phenomena were
found in controls and in hypophysecotomised fiesh, and were tentatively
attributed to inanition.

liypophysectomy 1s followed by degenerative histologieal
changes in the testis of Soyliochinug. These chenges affect the
spernatogonia end primary spermatocytes and ave correlated with
absence of, or severe damge to, the ventrel lobe of the pltuitary,
There sppears to be no significant change in testis wolght after
hypophysectony .

The significance of these findings is discussed. It 1s coms
teludod that the ventral lobe of the pituitary produces gonadotrophin(s),
and the presence of a hormone of the "SH type 1s suggested,
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Shyleogenatic Implicationg.
De Beor (1926) has produced pome evidence for the view that

the ventral lobe of the elasmobranch pituitary is the homologue of the
pars tuberalis. If it is accopted that the ventral lobe produces
gonadotrophin(s), 1t follows that the clasmobranch homologue of the
parg tuboralils is responsible for gonad control. This condition
would be unique., It ip well established that in other vertecbrates
the pars anterior is concerned with gonadotrophin productiony the
pars tuboralis 1e not lnown to produce hormones.

If we concede that the elasmobranch pituitary represents a
"prindtive” condition, it followe that two evolutionary changes must
have occurred simultanecusly: the ventral lobe migrated dorsally and
bocame associated with the tuber cinereum to form the pars tuberalis;
at the same time 1t lost its gonadotrophic fumetion, which Became
tranaforred to the pars anterior,

Trangfer of trophic function 1s not unknoun; in those verte:
tbrates which laeck a discreto pars intermodia (cetaceans, manatee,
armadillo, chicken) the chromatophore-cxpanding hormone is present in
the pars anterior (Wering snd Landgrobe, 1950).

If the ventral lobe is not the homologue of the pars tuberalis,
the cbvious interprotetion is thet in elasncbranchs the pare enterior
1s divided into two portions: the rostral and ventral lobes. (ne of
these subdivisions (the rostrsl) jrobably produces thyrotrophin, and
the other (the ventral) producee gonadotrophin, "ither or both
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pertions of the pars anterior may of courge produce other hormoncs
besldes those considered here.

No other vertebrate shows a morphological division of the pars
anterior, with a corresponding division of function. In tcleosts
the adenohypophysis is mot clearly divided imto lobes, sc that it i
not posgible to speak of a pars anterior, From amphibians to menmals
the pars anteorior is a discrote entity which produces both thyrotrophin
and gonadotrophin,

There is, howover, much werk to be done before the phylogenectie
glgnificancos of the elagmobranch pitultary can be assessed, The
toechnique of ventral lobectomy used in this work was somevhat crude,
and the results must be accepted with g certeln reserve, but this
much can be sald with assurance: 1t is no longer possible to dismise
the ventral lobe as being without physiclogical significance, It ie
to bo hoped that this work will dirent atteution to the ventrsl lobe,

the physioclogy of which has been too long ignored,
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Elatc 2.

Mg. 6, Tigroid D51, localised disintegration of follicles.
Dagophil bodies are seen scattered tlwoughout the
area.

Fig. 9« Thyroid D13, Ilocalised of follicles,
thelial cells end basophil bodies (probably epithe:
t1ial cysts) are scattered the area; end a

"porous” colloid can be seen in places. x100,

Mg.10, Thyrold M2, A comnective tissue mass which has
probably replaced a follicle. lote basophil collodd:
&mmwmmmﬂm.
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Lake ds

Fig. 11, Tihyroid D31, Follicles irregular in « lote

mmam ve tissue.
Mg. 12, III (control). Gland normal in ance,

for comperison with thyroid Nl ( )s
:mmmmamumm
”o“

Mg. 13, Thyrold DM, Follicles fsregular in sise end ghape.
Much of the tissue has been replaced by
comnective tissue, x14.
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Fig. 14

Fig. 15,

Fig. 16.

g. 17,
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Eale da

Mm. Invasion of a follicle by commnoetive

lote basophil colloidal bodies in remmnant
«mmmmmwmun
tissue mass. x100,

Wm.mmunworam

tissue, lote whorled pattern of conncotive tissue
(arrow) vhere a follicle has been replaced. A
mmber of basophil colloidal maggses have been isolated
by the invaeding comnective tissuve. x54.

Thyroid Dl. Follicle containing o mmwber of bagophil
eolloidal bodies. The concentric structure of thege
bodies is clearly seen, X250,

Thyroid Il. Portion of field (sbove) shows a growp of
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Fig. 18,

Pig. 19,

Fig. 20,

FMg. 21.

Fig. 22,
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Lake g
artoradi of thyroids P70 (control, left) and
P63, wae congidered to be mo gignificant

difference betucen these twe glands with regpoct to
the degroe of blackening shown by the film, =8,

atoradiogrephs of thyroids 78 (conirol, left) h“

P77,

of blackening Jjuiged to Le lese

P77 than in control. =8,

Cross section testis D57 (comtrol). GCermingl 1ine
intloatod by arrows (2) mesorchium (b) epigonal

tissue, lying along

dorso=lateral border of testis.

region of testis D57 (control), Iumina
of es bordered by primordial “ertoll cellsp
outgide the latter are the gpermatoponia. =240,

T™wo
right coatelns
left containeg pocondary

nmwum(mn. That on the

mmuq“utb
spermatocytes. x40,



Fig. 23.

Fig. 24,

Fg. 25,

Fig. 26,
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Testis D57 (control). Tubule conteining spermatide

Testis D57 (control). Transition sone between sperma:

tide and trangformation of
? spermatosca, showing

Testis D57 (control). Tubule containing spermatosoa,
Fach elugter of spermatosoa is associated with a
Sertoli cell, the muclel of which can be geen around
the periphery of the tubule. 3240,

Tostis D42 (control). Resorption phenomena affecting
spermatids end spermetosos. On the loft is the
trangition sone, in which the spermstids are under:
tgoing trensformation te spermatomoas ruclear dobris
is a congplcuous feature of this sone. The spermatot
tsoa tubules (right) are empty. lote the large
hyeline inclusions (arrow). x60,
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Plata.Zs

Figs 27. Cross scetion testis D3 gtained with Sudan Blaeck,

Fig. 28, Testls 14 (ocontrol), showving transition m

Fige 29, Tootis 03, Similer view to that shown ia fig. 28.
gpernato (rlg&)m*lnhq:.d(’wd
208
resorption of germinal clemento, x60.

Fige 30, Toptlis D3, Portlon of fleld geen in flg. 29,
Somo tubules contain muclear debrisy in others
regorption of the gormingl olements is completo,
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Figs 31, Teotis D45 (control). Spermetide (loft) and gpermato:
( but
::o M)&M Wmm

Pig. 32, Cross pection testie P36, Zone of degeneration be:
spernatocytes

tween gpormetogonia and primary
;Mbvmﬁo

Fig. 33. Tootis P36. Zone of degenerstion lying between
, (m)aamw




Plate 8.




o FEN
Fige 34¢ Testis PEO. Resorption of otila, lHote
clumping of spermatogonia nmucled (a); muclel of
Sertoll cells anong degenerat
tmm(b).m
s 35, Tostls P36, Wﬂf eloments Surther
gn- advanced in distal tubules ) than in proximal,

On extreme right the sone of degeneration ip suc:
1coaded by tubules containing primery spermatocytes.

mo”o Testis P80, onn of on
mw(w) Hote clwping of
prinary in tubule oeccupying
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Dgtie 20a
Mg. 7. Testis P60, Zone of ation lying betweon
primery spermatocytes { ) and secondary
gpernatocytes, 125,
Mg. 38, Teptis P71, Zone of bounded by

spermatogonia (left) secondary spermatocytes
(right), Prinery spermatocytos eve sbeent, x125,

e 9. Testis P66 (comtrol). Oigns of degenoration in
g mmutuz.n {(left) and
primery spermatocytes (right). lote clumping

of germdinal muclei., x125,
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Hlate 1

Flg. 40, D, (control). Perasagittal section through ventral
lobe of pitultary. Ipithelium 15 high columnars
large lumen and peripheral diverticulae contaln

colloid. 3225,
o 41. D3, Paresegittal section ventral lobe of
g pituitary. lLumen almost to ceeluded epithe:

+14al pyimotic, x125.

FMig. 42, P80, p-mm«wnmoem
showving degtruction of ventral lobe of
pituitary in thie region. 326,

Fig. 43. P30, Extreme lateral scction through floor of
cranium ghowing remmant of ventral lobe, x26,
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Hlate 12,

Flge. 44, D1, Paresogittal seation through ventral lobe
of pituitary. Ventral lobe mormal in appear:
tance (compare fig. 40. x125.

Fig. 45. Testis D1. Appearance normal. lNo sign of
degenerative changes between (left)
and primery spermatocytes (right). x60,
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ARRENDIX
(4) Moleg. Postemortem dissections indicated thus: (x)

% Remnant of lobe remaing in situ,

- lobe absent.

Time Pitultary at dissection F(w divisions)
Figh |efter P S

m ) Rostral 1. Neint. 1, | Ventral 1.|Mean ch
""“‘""""""‘"T"‘""‘""L"""'T""‘J_——"'
Dl 55 - - pregent | 63 22
D2 50 pregent prescnt present 7 22
D3 29 - - w €7 20
D4 29 present pregent present | 70 14
wa(x)| 10 - - present
D44 35 prosent rrogent pregent 91 18
D45 37 pregont rregent rnresent Vi 16
M6(x)| 27 - - pregent | 58 13
047 35 - ¥ present &5 21
D48(x)| 38 resont nregent pregent | 25 16
D50 20 k1] W present
D51 37 I present prosent 20 19
D52 (x) 5 - - present
D55 6 s u present
D56 3% progent progent present (100 12
D57 37 present present pregent | 83 12
p6o(x)| 29 - ¥ pregent (132 23




(1¢6)

(4) lalogs

TT&- Pitultary at dissection (Mierometer divisions)
".sh after Dy g P

‘©

D63(x) 4 i w prescent
D64 (x) 9 pregent | present progent;
D65(x) 3 present |presont present
066 (x) 3 pregent |present presont
D67(x) 5 - W prosent
D70(x) 6 present |present present
o7 (x) 8 present |prosent present
072 (x) 17 present present present
o7 3 prosent progent present V(4 12
D79(x) 6 present |pregent present
D8o(x) 15 present |present present
a2 27 o present present 80 15
B4 30 present present 75 20
P 7(x) ) VA - - a
P 9(x) 25 prosent present pregent 85 i
P26 25 present |present present 84 15
P36(x) 8 prosent |present -
P37(x) 15 - W -
P39 18 present prescnt pregent
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(4) Maleg.

- m ie?m at dissection (Morometer divisicns)
m) Rogtral 1,| Neint, 1. | Ventral 1, | Mean m

i SN . 2

PAO(x)| 24 present present | precent 85 14

P42 (x) 24 procent present - 82 19

PAS present - -

P4Y present prosent | pregent a2 15

P52 ® present | present 66 10

P54, " pregert | present 80 73

P55(x)| 23 present present | present 85 1

P56(x) 9 5 - present

P58(x) 19 present preseat present

P60 24 ™ present @ 73 11

P61 27 " present | present 74 10

P62 24 w present | present g2 10

P63 25 5 i present a2 11

P6L, 27 - - present 74 12

P66 6 present pregent | pregent

P70 25 present present | present 85 12

P7 23 - present - 84 25

PP4(x) 4 pregent present | present

PT? 26 - pregent | present 5 | 11
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(4) Maloge
e Thyrold cell holght
Time Pltuitary et dlesection (Mierometer divisions)
FMesh afﬁ(r w— O A TS
opirile Rostral 1, | Neint. 1.| Ventral 1.| lean Standard
{(woeka) Deviation
P80 5 « - w
1456 9 pregent resent | present
M57 9 presant present | present
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(8) Famaleg. Poste-mortem dissecetions indicated thme: (x)
% Remnant of lobe remains in situ,

n12(x)

D19 (x)

n20(x)
R2(x)

D40o(x)

s 28 3&

. —_—

Ventral 1.

proesent
present
present
pregent

progent

- lLobe absent
Time Pituitary at disscetion
after
m) Rostral 1, | Beint, 1.
WSRO S
4 - w
&2 - -
28 - o
24 o prevent
24, U] pregent
45 present present
45 u present
37 present -
38 presont pregent
23 - -
30 present prosent
32 prosent presocnt
9 present present
- present present
- present present

(Iaer::ow divisions)
Mean Standard
Deviation
47 10
78 25
73 10
55 § 13
70 12
™ 13
81 4
33 21
77 13
65 19
122 ) §
86 13
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