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ABSTRACT

The effect of photoperiod and the roﬂp of the pituitary
in the growth and the parr-smolt transfofiation of Atlantic
f

salmon, Salmo‘salar, were studied.

Salmon parr exposed to a reciprocal p

,':s‘_

otoperiod in

December were, by February, larger, had lower condition

factors, lower muscle lipid, greater sallnaty tolerance\\\\\\\

and behaved more like smolts than anotherlgrouu exposed .

to a 51mulated natural Dhotonerlod. nowever, in June the
i\

4
situation was reversed.—,uonger daylﬂght DErlOdS in either

regimen coincided with hypertrophy and hyperplaSLa of pi-
. AN . N .
tuitary somatotrops. Adrenccorticotrops and prolactin -

cells were also judged to be active under long daylight . !

q

L3
condltlg_/,f ~“"Porcine growth hormone treatmen; mimicked the

growth and sal nity tolerance Dromotlng effects of log
”

daylight Deffgas on parr, held under short daylight gon-

dltlons, and elicited various xanthonho“e and melan nhore

responses. ” . NG, )
- -

Electrophoresis of fragments of salmon pituitary

regions and specific staining of the bands resulted in .
. -
a preliminary ‘¢ent1F1catlon of prolactin and gwowth hor-

mone. These identifications made on the basis of PAGE

were confirmed by radioimmunoassay, and in the -case of

’

rolactin, by the sodium retaining ‘activity bioassay in-the

-

hyooohysectomlzed ‘killifish, Fundulus heteroclitus.

In an alkallne PAGE support medium, the putative saimon

~
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-'growth hormone had an Rf of 0.39. Prolactin had an Rf -

::of 0.47 and consisted of a fast and a slow moving -component.
) ._gzﬁﬂf;;;;Eon‘of pituitary prolacyih and growth hormone—— '
by polyacrylamide gel electrophoresis (PAGE) and densito-

metry indicated a depletion in these fractions during the

- rapid growth characteristic under Iong daylight periods..
Conversely, the periods'of slow growth under short day-
light perioas were associated with an increase in these . ' h

fractions. Constant daylight accelerated growth, preci-
pitated the onset of parr-smolt transformation apd produced
2 generalized but,temporagy pituitary adtivationll Photo-
. period manipulatiecn also affected ionic regulétion. ‘The‘
concentration of Na*, K%, Caz*, and C1™ coudld not be re-
hﬂ_;/’ lated to either e qoset or the §ubseéuent events of the
parr-smolt tz';ansformation. "However, a possible ‘link between‘
ion eycles and growth patterns was {ndicated. ™
These data suggest that photoperiod ﬁlays a role as an
environmental cue in the endocrine regulation of growth
and parr—émo;t transformation of Atlantic salmon parr.

-
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S '_ "RESUME :

“

Y

. L'effet de la photooerzode et le rS§le de 1la glande Dltul_
tairé dans la cr01ssance ‘et la transformatlon de Darr en

smolt furent étudiés che¢ le saumon de 1'Atlantique, §g1mo
]

salar.

i

Les saumons parr exposés 3 une photopériode réciproque
ern décembre etalent, deux mois plus tard,{plus longs, DosSSé~

daient des coe;f1c1ents de condition et un) taux de lipides ?

.

/.
musculaires plus falbles, e\hlbalent une Aésistance accrue

a2 la Sallﬁlueee; ressemblat Eﬁp plus & dés smolts qu'un .

second groupe etnose 3 une photopériode naturel}e art1f1c1elle.
Cependant, en juin, la situation était T*ezr'n;er'see. Des pério-

des de lumlere du jour plus longues co:nc1deren; dans les

deux groupes avec une hypertrophie et une hyperpl§51e des

cellules somatotropes. Les cellules adrénocorticotrorpes ‘
et les cellules lactotropes furent jugées actives sous cesF’/f
conditions Dhotooerlodlques. Le traitement‘a-l‘hofmone soma-
totrope porcine produisit des e fe;s 51mllalﬂes 3 la lumidre.

du jour prolongée sur des saumons pafr soumis a des périodes

ce Wumle“e du jour couﬂtes, ainsi oue dlvers effets xanthopho-

riques et mélanophorigues. . ‘ : -
L'élec@ronhorése verticale (disc gl étrophoresis) de
fﬂagments des ﬂeglons hynovhysalres du saumon.ainsi que la

coloratlon speczfique des disques De”mﬂrent 1! ldentlFlcatﬂon

préliminaire de la prolactine et de 1 'hormone somatotrope.

Ces identifications basées sur 1'électrophorése furent ensuite

.
~
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conflrmees par des essais radlolmmunologlaues‘et dans le,

~

cas de la prclactlne, Dar-un essai blologloue base sur la

/

k]

. o e

rétention du- sodlum chez le- fondure, Fundulus heteroclltus,
s .2

-

hynoohysectomlse maln;enu en- eau douce. - .o

" - - ’ - ;

totrope putative'du saumon avalt un R; de 0.39. La Drolaculne

-
-

‘avait un Rf de.0.47 ‘et consistait de deux composants, l'un

rapide’ et 1'autre plus” lent. T -

. La détermination de la prolactihe et de l'hormone soma-

-~

- - N » - " .
totrope par’ 1l'électrophorése verticale révéla un épuisement

< .

de ces fnactioné“oendant 1d "éroissance rapide caractérisant

les Derlodes de lumlere du jour Drolongees. Récipréquemen&,

les Derﬂoaes de croisance Wente furent assoc1ees avec une

-

.

L]

augmentatlon de ces, raculons.

Le reglme de lumi re confdinue stimula_la croissance, pré-

‘cipita Ia smolt*flcatlon et D“OdLlSlg une activation hypo-

physaire generallsee mais temboralre._ 'La nanloulaglon DhOtO—

périodiqué ffecta également la 1"egL.le:-*.t.lon ionique. Aucun

rapport ne put gtre &+abli entre la concentration des éléments

Na, K, Ca et. Cl et so_; le début de la smoltification, soilt

les ‘événements postérieurs a cette transformation. E&epen-

dant, un lien paraft possible entré les cycles loniques et

LY

4 . _ . »

lers Tnythmes de criolssance.

Les données indiquent que la, photopériode joue un rlle

dans la régulation endocrninienne de la croissance et de la

-smoltificétion du parr du saumon de 1tAtlantique.

Dan's un mllleu-electrODhorethue alcalln, l'hormone soma-

«
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PREFACE

In spite of the numerous publications on the effect of

photoperiod on reproduction, and its endocrine control in

fishes, only a few.studies have related photoperiod mani- -

pulation-to growth. And fewer still have ccncerned them-
selves with the effects of photoperiod on the preadabtation

of seawater which occurs during the transformation from

parr to smolt stages of some salmonids. Nonetheless, a

mediation of;these effects by the pituitary has been sur-
misgd.'-But, in spite of extensive.stuﬁies on'salmonid
pituitary cytology and histophygiology, no direct evidence
for fﬁis_relation has been found; This gap is a direct
result of the paucity of experimentation'conderning the
effects of photdperiod ﬁé@ipulation on endocrine function
during growth and smoltification.

The Atlantic;salmon is an impo?tant comﬁodity in Canada
and elsewhere and much effort and money has beén invested

> :
in the aauaculture of this animal. But little of the

N
svailable information on photoperied control of growth
concerns the Atlantie . salmon. Furthermore, relatively

few pveports on the effects of exogenous pituitary hormones
on this species have been published. Also, no decisive
reports exiét on the identification, purification and
guantitation of any of the salmonid pituitary hormores.

The aim of this study, then, has been to invgstigate

the possible effects of different photoperiod'regimens on

-
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growth and parr-smolt transformation of Atlantic salmen
and to explore the possible role of the pituitary hormones,

especially growth hormone and prolactin, in this process.

Attention was concentrated on these hormones as they have

been the object of major speculation in earlier studies.

.
- ® A



GENERAL- INTRODUCTION . i

-

Alfhough effects of photoperiod on parametéré,éuch as
sexual ﬁaturafion and colour changes have long been Known,
the study of its effects oa the growth- of teleosts has developed erly
in the last few decades.: . ' h

Temperature has also been related to growth rates
(Brown, 1957). But attempts to correlate annual tempera-
ture cycles and growth cycles of teleosts (Deason and Hile,
1947; Ball and Jones, 1860; Ggrking,-IQSG) failed to esta;:
blish temne“atu”e as a primary fact0r in the control of
seasonal growth cycles. The iength of growing season has | "
been related tg }atitude ({Beckman, 19&3), but this rela—
tion involves ’/variety of eﬁvironmental faqtors. Other
experiments héze sugge;ted that seasonal growth cycles are
move closely related to photoperiod than o temperature
(B21ll and Jones, 1960). The use of simulated photoperiods

L

shgwed that growth of several species of teleosts was en- '1!.
hanced by long daylight regimens (Eisler, 1957; Gross et
S al., 1965; Saunders and Henderson, 1970; 3ilton and Robins,
1971). However, some conflicfing results have been reported
in various species. Total darkness was reported to stimu-
late growth, presumably as a result of decreased activity
.(Bjorklund, 1958; Anderson, 1959), and increased light was
found to reduce growth (Brown, 1846). )

Considerable lnterest has focused on the effect oF photo-

pericd on salmonlds 31nce light was shown to influence sali-
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Ehe

nity tolerance develoument (Wagner, 197u)?'§a1ini§y‘brefer—
ence (Bagggrman, 1860) and growth (Saunders and Hénderson,
1970). Salinity tolerance is indicative of'fhé préadabta-
tion to seawater occurlng during the ;ransformatlon from
the parr to smolt stage of the Atlantic salmon,. whlch oc-
curs-one or more years after_hﬁtchlng. Salmon hatched in
gresﬁ water (alevin stage) lose their yolk sac (fry stage)
and remain in fresh water as parr. " Animals .in this stage
are characterized by dark vertical pigmentary bars, the
parr marksi on théif.integument until they are prepared to
migrate to the séa as smolts. This_trgnsformation of parr
into smeolts ﬁasabeen linked to growth (Parry, 1958),

The function of the'pituitafy 5f mammals (Belkin, 1872;
Wurtman, 1975) and some teleosts (Rasquin.and Rosenbloom,
1954) has been-shown to be influenced by ;ight.' In the
case of the fish thig is supported by the obsérvation that
some show seasonal enéocrine related rhythms reflected in
csmoregulation (Lam and Hoar, 1967; Lém and Teatherland,
1969; 0Oide, 1971) and’ reproduction (Atz, 1957 Donaldson,
1973). A role for the pituitary in mediating light related
effects 1in smoltification and growth (Ball, 1861, I86S;
Hoar, 3963, 1965; Saunders and'Hénderson, 1970) has also
been suggested. It seems possible that the complex of
morphological changes associated with smoltification might
be‘mediated by alterations in the production and releaée
of pituitary hormones. But concrete evidence fq; such a

mediation has not been presented.
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. In pursuance of this supposition the'fbﬁlowing hypo- -~

theses were testeé in the ensuing sfuéies:

1) Photopefiéd-is capable “of alterigg the timing of the
onset of smoltification as indicatgd‘by.increase@
salinity toleranée,‘shafply loéép pondifioh facto:é,-
and morpﬁolog;cal bhanges,. . .

2) The rapid growtﬁ phase "associated with smoltification

oceurs in response teo long daylight pefiods and cén

be mimicked byléynthetic‘gyowth hormone. N

3) -Continuous‘daylight gxaggérates'thé effects of long
(simulated natural) déylight periods, but is unadle

.io oﬁér?%§e existent biological rhythms of the animal.

5) Théf thé induction of increased production incréasea
release or both¥of growth hofmone'and prolactin would
be reflected ih_the hisfol&gicél appearance of the
pituitary and En the-quaﬁtitativgl;mount of these hor-

mones as estimated by disc=gel e;ectrobhoresis of the

-

pituitary peptides.

The biology of the Atlamiic salmen and its parr-smolt transforma-
+ion have heen reviewsd (Fontaine,1965; Eoar, 1665). An extensive re-
view of +he-pituitary cytology of teleosls including salmonids-is also -

available (Ball, 156%b). o o . ;
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INTRODUCTION

Growth is known to vary seasonally in fishes (Brown,

19463 Swift, 19585, 1961; Hoar, 1965; Gerking, 1966) and

r 4

~ has been shown to be sensitive to.photoperiod manipulation.

Longer daylight periodé pesulted in faster growth of green

sunflsh Lepomis cyanellus (Gross et al., 1965) and

" Atlantic salmcn, Salmo salar (Saunders and Henderson,

1970) . Long daylight periods have also been shown neces-

sary to induce salinity-preference (Baggerman, 1960) and

salinity tolerance (Wagner, 1974a) in several diadromous,

‘salmonlds Moreover, both growth and salinity tolerance

increase at the time of parr-smolt transformatlon of Atlan-
tic salmon (:ontalne, 18603 ‘Koch, 1968) whldh occurs under |
;engtheﬂing daylight,pefiodé. -The frénsfofmation is indi-
cated by a sharp decline in the condi£ion factor and. the
development of hyﬁo—osmoregulétory mechanisms (Hoar, 1938;
Fontaine, 1965; Pinder and Eales, 1969; Wagner, 1974%a) .
Light'effegts on pituitary funection have been demons-

+rated in the rat (Relkin, 1972a, b) and in the Mexican

cavefish, Astyanax mexicanus (Rasquin and Rosenbloom,
1854). Astyanax held in darkness showed "eytoplasmic depo-
sition” in growth hormone cells and this coincided with

slower growth of the fish. Furthermore, the roie of the

‘pltuitary as mediator of -photoperiod control of sreproduction

is well establﬂshed (Wu*tman, 1975) In iight of thesé'
findings, the pltultary has been surmlsed to medlate the

Iight'related effects in the pgrr-smolt transformation
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(Hoar, 1858, 1963, 1965; Ball,_lgsl;fléss; Saunders and
Henderson, 1970).- Howeﬁer, such a méd%gyion‘has=not yet "
been demonstrated.

The Aflan?ic $almon pituitary.glénd exﬁibits extensive
gross morphofbgical changes between the parr and adult
stég;; (Woodman, 1939). The major of these changes is a
shift from a disc-like structure (Fig. 6), flattened
against the 5fain; through a knob-like structure, to the
dg?soventfaliy protruding tongue-shaped élénd of the adult
(fﬁg. 8). _Changes in cytology such as an increase in the
follicular (prolactin) cell area (Woodman, 1939), and a
shift of the pars intermedia from a.cgudal to a ventral
.position in the pést;§molt (0ilivereau, 1954) also have been
suggested to be age related. Further, Fontaine and Olivereau
(19498) noted a decrease in pituitary basophilia during the
parr-smolt transformétion and this was thought to reflect
the absence or decrease in sexual maturity which occurs at
this time. 4

i

The cytology of the Atlantic salmon pitui%ary was first

-

other teleost pitultaries have now been described in the -

described by Woodman (1939). Most cell types found in

Atlantic salmon (Ball, 196%). The identification of these
types has been facilitated by similarities in pituitary
morphology and in the locafioﬁ of the various pituiltary
cell types in eels and salﬁonids. But the positive iden-
+ification of some cell types has yet to be made.

The pituitary of salmonids, like that ofather teleosts,
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consists of a neurohypophysis and an adenohypophysis.
The adenohypophy51s is lelSlble into three topographically
dlstlngulsha§le areas: rostral pars distalis (RPD), prox-
imal {ﬁars distalis (PPD) and the pars intermedia (Fig. 8).
Tiﬁctorially, the -adendhypophyseal chromobhiles are gene-
raliy divided along the classical distinction of acido-
philes, or oranéeophiles (prolactin cells and somatotrops)
and basophlles or perlodlc acid-Schiff «+ve cells (thyro~
trops, gonadotiops and at least one type of pars intermedia
cells).

Prolactin secreting cells form the follicles character-
istic of primitive teleosts tOlivereau, 1954). As in other
species, the graﬁules are concentrateé in thelbasal-part ‘
of the cell and are acid@philic and erytgrosindphilic (Ball
and Baker, 196Q). Their identity was recently confirmed
by immunofluofescenpe sfudies (Aler, 1871). 'Pfoiactin
cells are fusifo;m in transverse or longitudinal section
with their nuclei’near the base. The nucleus beécomes bésal

in active proléctin cells with a well developed endoplasmic,

reticulum while the opposite transformation and an increased

size of the follicular cavity are interpreted as signs of

. decreased activity (Olivereau, 1969). The functions of

teleost prolactin are varied (Ball, 1969a) but its prineci-
pal role appears to be in osmoregulaﬁion (Olivereau, 1969).
Olivereau (1969) ;ound Lhat Atlantic salmon Drolactln cells
were more active in fresh water degranulated slightly

preceeding seaward migration and exhibited signs of much
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reduced activity after a couple q;/;eeks in .seawater. Fur-

ther, transfer of salmon from fresh to seawater results in

a marked decrease in activity of these cells (0livereau,

-~
-

1969). It has been suggested tha% the hormone acts to limit
-the sodium outflux, probably at the gill level, thus alter-
ing the sodium turnover rate (Ball, 1869a). Effects on
other farget tissues such as the kidney, or on mucous cells
which have been demonstrated in several other species (Ball,
N . X
1969) have yet to be found in salmonids. No evidence exists
as yet for a feproductive function of this hormone in salmon.
Neither has prolactiﬁ been found tc promote growth in tele-
osts. Woodman (1$38), however, noted thgt the follicular
region ©f the Atiantic salmon increases in'siée with age
but found no_evidence of seasonal chanée in this area cf the
pituitary.

The thyrotrops are found interspersed among -the pro—‘
jzcetin cell follicles and are the basophiles of the rostrél
pars distalis oX the Atlantic salmon (Ball and Baker,

1969). Histologicélly they are distinguishable by their
relati;ely Iapgé_siée and angular shapes. Radiothyroidec-

tomy of the Eurdpean eel, Anguilla anguilla, and -steel-

‘head trout, Salmo gairdneri, (Olivereau, 1962; Olivereau

et al., l?éu) t1eads to a strong hypertrophy of this cell
type. Addition of thyroxine to the medium of cultured S.
gairdneri:pitditary cells leads to the specific repression
of‘the +thyrotrops. In Atlantic salmon, an increased thyro-

trop activation occurs prior to migration (Olivereau, 1968).
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The thi;d.yjbé"oﬁ‘rqgtéal pags di;t;iis!eelis, the
cor%icotrops, are typical-chrOmoprﬁgSfar;anged in paral-
lel cords or sheets of cells with their'léng axes p%ygéh—
dicular to the neurohyphophyseal border. hThe interrenal
. metabolic inhibitér SU 4885, which activates this f?pg‘éf
cell, was used to identify it as the adrenocorticotropin\
secreting type-in A. anguilla (Olivereau)aﬁd Ball, 1963).

The proximal pars distalis consists of somatotrops énd
gonadotrops. Gonadotrops aprear inactive.in-fast growing
parr about to smoltify (Fontaine and Olivereau, 19u18).

= .
* The somatotrops are the characteristic, orange G +ve, aci-

’
dophiies of the proximal pars distalis. They are generally
elliptical or oval with é éimilarly éhaped'nucleus at one
end of the cell. Their identity was p&stuiated by the pro-
cess of-eliminétién after ail the other main types of cells
had been recognized (Ball'aﬁd Baker, 1969). Recent immuno-
fluorescence studies on the salmonid Q. égggé (McKeown and
Van Overbeeke, 1971) have shown that flucorescent anti-o-
vine growfh hormone binds specifically~to this type of
cell. A somatotropfz action still remains to be demonstrated
in Atlantic salmon;for growth hormone from any source.

At least two types-of cells have been postulated-in the
pars intermedia of most tgleosts. They ere tinctorially
distinguishable with one ;howing affinity for lead hema-

" toxylin (PbH) and the other for PAS. The PbHeue type is

thought to be responsible for melanophore stimulating hormoné
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(MSH) whereas the PAS #ve type has been linked to osmoregu-
lation (Schreibman et al., 1973). However, in eels it ig
the. PAS +ve type that is activated when the fish are kept
- agaiﬁst a black background for several weeks (Knowles and
Vollrath, 1966). Baker (1963) Eid not find evidence of
PAS +ve cells in the pars intermedia of salmonid pituitaries.
All cells appeared alike and stained with PbH. TFollenius
- (1963, 1965) suggest;5’that two tinctorially distinct Qell-
types were present inw§§1m;n but that these represent dif-
ferent stages in the functional cycle of a single cell type.,
The implication of a photoperioé axis in the process -
of smoltification of Atlantic salmon requires the demons-
tration that photoperiod affects the process and that chan-
ges in pituitary_cytolégy occur that can be related to the
transformation. Therefore, the present study was designed
to test the effect of different photoperiod regimens on
the parr-smolt-trgnsformation of Atlantic salmén held at
constant temperature. In addition, the pituitary cyto-
logy was studied in relation to the metamorphosis. Fuftﬁer,
groups of fish were examined for Séllnlty tolerance and
beody moisture‘and lipid content at different times of the

year. ' : -
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MATERIALS AND METHODS

Animals and Initial Holding Conditions

Salmon parr (River Phillip stock), hatched in the
spring of 1970, were obtained from the Cobequid Fish Cul-
ture Station, Nova Scotia and were brought to the.Biologi-
"cal Station, St. Andrews, New-Brunswick, on November 29,

1871. They were held in round fiberglass tanks, measuring

1.8m in diameter and filled to a depth of 0.6m. Each tank -

was equipped with a submersible pump which provided a
water current of‘approximately Tiem/sec at the periphery;
This current dragged waste materials To a center drain.
Cleaning was supplemented by scrubbing tank walls and bot-
toms at regular.lnuervals. Fresh dechTOrlnated water was
supplied from heéder tanks by gravity feed at the rate of_
approximately 900 1/hr. Oxygen supersaturation was pre-
vented by splashing of water in the header fanks. The
temperature .was maintained by mixing heated and chilled
Bater in-the header tanks'and, when necessary; by adding
extra cooling units to the header tank system. The‘tanks,
enclosed in a 1ightp proof comuartment were ﬂllumlnated by
two fluorescent "daylight- tyve" tubes (92 watts each)
which were centered 9% cm over the water surface. The
Iighting units were activated through automatic on - off
timers. The timers were adjusted by 15 min every three
déys to simulate changes in the respective photﬁperiod B

regimen.

&

t
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Experimental Regimen

Initially 200 fish were held under a simulated natural
photeperiod for 15 days. During this period the animals
were acclimated to-lOOC by gradually increasing.the tempera-
ture from 6°C. |

Following acclimation the fish were tagged and fork
lengths. to the nearest millimeter and weights to the near-

est gram were recorded. One group of 100 fisﬁ was exposed

‘to a simulated natural photoperiod {(NP) and another group.

of 100 was placed undér a reciprocal photoperiod (RP). As
December 16 corresponded té the shortest daylight period
in the NP regimen, thé RP group was exposed to its longest
daylight period (16h) at this time. Both groups were held
at 10 = 2%¢ an§ were fed dry gellet food (Ewes P-159,‘4P

and 5P salmeon grower, fwos, .A.B.) to satiety three times

daily. Both groups were fed during the light period at

the same time each day. Total.food consumed was not recorded.

At three weék intervals all tie fish were rapidly anes-
thetized (1 : 80 tert-amyl a1cohol) weighed and measured.
At this time seven flSh f”om each group were selected at
random. The DltUlta“leS of these fish were removed, fixed

in Bouin's plcrlc—formol—acetlc fixative and embedded in

Tissuemat (Fisher) for sectioning. Carcasses were promtply

fpozen and stored below -20°¢C for lipid analysis.
Mld—saglttal and 1/3 depth (from left) 4-5 um sections

of the Dﬂtultarles were stained by the Cleveland-Wolfe

«q
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method or with beriodic acid-Schiff (PAS)-hematoxylin
(Groat's)-orange G (2% orange G. in 2% aq. acetic acid). ¢
A-ﬁinimum of six éections per pituitary were examined by
these methods. éerial sections were stained Gith hethyl
green-pyrcnin-(Kurnick, 1955) for demonstration of ﬁNA.
Chldroform extracted ﬁyronin was included tofprevent the
nonspecific pyroninophilia exhibited by DNA after Bouin
fixatién. \?ontrol.sect%ggé for RNA were treated with 10%
Pgrchloric acid at'%fc £ér 12 hours (Pea?se, 1961). The
state of activity of cells was judged by the relative
extent of the microgéopic field occupied by particular “
ceil types, by nucTTar size and by their dégree of pyroni-
nophilia. . |

A piece of'epaxial'muscle.éf about 1 cm3 was excised
from alongside the dorsal fin for total lipid determina- - "
tion. These samples were extracted threé times by the
chloroform-methanol-water method of Bligh and Dyer (1959)
and the filter paper'used was extracteld once. A cont;a—
lateral piece of epaxial muscle of similar size éas'rémoved
and dried to constant weight at 105°¢ fgr‘moistﬁre deter-

mination.

Instantaneous (or specific) growth rates were calculated

- Y :
according to the formula 100 [ 10ge Y% iOge.‘t]where YT
and Y. are mean lengths or mean weights at time T and t.

T being later than t (Brown, 1957). 1In computing the value

for the interval preceding each sampling date, the fish
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§ampled at the beginﬁiﬁg of that interval were not consi-
.dered in the mean YT.. However, they were considered in
.calculﬁting Yy for the pfeceding‘inferval. The condition
‘factor was determined acéording to the formula K % 100 W/L2
(Hoar, 1939; Brown, 1957). Sign;ficant differences betwéén
the two experimental meahé for either the length or weight
data were computed by the Student's £7 test.

Fish from a replicaté experiment started‘in.ﬁecember
1972 were tested for saliﬁity tolerance in Februarvy, April
and ‘June of 1973 (Table 2 of results). For this, five of
the fresh water acclimated fish from each phetoperiod group
_ éere placed in seawater (SW) concentrated to 40~°/oolsali-
nity with artificial sea saits (Instant Ocean, Aquérium
Systéms Inc.) in recirculating tanks. Water from these
tanks was pumped tﬁrough filters (Aqua-Pure) to remove
waste material. The water was then circulated tﬁrough -
the tungsten peat exchange coils of a cooling system and
finally splashed back into the tanks. fhe.temperéture was
kept at 10.5 i‘O.SOC. The tests were cénduc%ed under con-
tinuous daylight to fatilitate observations. The state of
+he animals was recorded at 1-2 h intervals from 8 a.m. fo'
2 a.m. and at 2-3 ﬁ intervals thereafter. Time to 50% |

mortality was determined from probit plots (Finney, 1952).



RESULTS

Growth and Condition Yactor

-

- Fish exposeéd to longer daylight periods in December
(RP) showed higher growth rates (Fig. 1, 2) than those
under the simulated natural photoperiod (NP} and had be-
come significantly longer (P < O. Ol) after f;ve w;eks
(Flg. 3, '4). Cencomitantly, the condltlon factor of the
RP fish deéreased rapidly. In contrast, however, the
condition factor of the fish under the simulated NP con-
tinued to increase (Fig. 5). K- |

In early March the growth rate of ND fish inecreased
markedly and by late June their length aDorox1mated that
of the RP flsh (rlg. 3). The condition factor of NP 1sh
star;ea”to decline less than a month after the other group
but this drop was more gradual (Fig. 5).

In generél, there was a pbsitive relationship between
. the -length of the'daylight pericds and insténtaneous growth

rate in length of either group (Fig. 1).

Morphological Changes

. ‘ 4
Several morphological changes were clearly related to

photoperiod regimens. Fish silvered and parr markings
disappeared coincident with a decrease in condition factor
in either group.. This occured in February in the RP fish

and almest three meonths later in the NP group."ngether'

i

with this silvering, tail and pectoral fin mafgins_darkened
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Figure 1 -

Instantaneous growth rates in length of Atlantic salmon
. . . . .
under natural and reciprocal photoperiod regimens.

* (Nat-natural photoperiod; Rec-reciprocal photoperiod).
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Mgan condition factor of Atlantic salmon under natural.

ak@ reciprocal photoperiod regimens.
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markedly. This dark colour faded towards the month of
June in.RP fish. By this time, NP fish had silvered and

showed darker tail and fin margins.

Lipid Content

Analyses of dorsal muscle samples showed that taqtal

1lipid content was significantly lower (P < 0.05) in the

_smoltifying fish than in those of the other group at the

same date (Table 1). That is, low muscle lipid content

coincided with low condition factors. .

No significant differences were found between the body

moisture content of smoltifying and non-smoltifying salmon

at the same date (Table 1). Lower values were obtained -

for both body moisture and muscle lipid content of parr
in December (Table 1) but these differences may have re-
flected the stress induced by transporting the fish o

the laboratory.

Adenohypophyseal Histelogy

Periodic study of pituitaries from animals from either
photoperiod regimen showed that higher growth rates were
accompanied by an activation of the pituitary somatotrops.

This activation was evidenced by hyperplasia, hypertrophy

‘and an increased pyroninophilia of these cells. The in—

crease in pyroninophilia appeared to precede any noticeable
hyperplasia but otherwise these two indicators were 1in

good agreement. The increase in GH cell number was esti-
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" TABLE 1

Effect of photoperiod on lipid and moisture content in

¢

epaxial musculature of Atlantic salmon

at diffeient times of the year.a

Muscle Lipid (% dry wt.) % Muscle Molsture

Natural Reciprocal - Natural Reciprocal
Photoperiod Photoperiod Photoperiod Photoperiod

Dec. 15 3.85 & .31 < 78.32 % .30

Feb. 17 6.74% = .30°% 4.88 £ .27 76.54 & .53 78.36 * .28

Jume 22 4.95 + .53°¢ 7.71 & .67°%76.93 = .21 75.84 .27

a Vélues are means * SE of means. N =7 .

D Significantly different from'reciprocal photoperiod
at same date P < .05

c Significantly different from the Feb. 17 group under
the same photoperiod regimen P < .05

d Sigﬁificantly different from samples on Dec. 15,

P < .05 S

ot o e
.‘.-
-
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mated to be about 20-30% (Fig. 6, 7). The increase in’
nuclear size .was of about 15 to 20% "in volume. The first
site where new cells arose was in the area immediately

adjacent to the neurohypophysis. This was followed by

-

.'éites caudal to the hypophyseal stalk previouslj\occupied

exclusively by cells o% the pars intermedia (Fig. 8).
Eventually, all available space in the proximal pars dis-
talis was filled with GE cells and scattered immature chro-
mophobes; ie. imméture gonaaotrops. Coinciding wixh soma-
totrop activation, tﬁe adrenocorticotrops and the pars
intermedia cells were also judged to be active. Mof@ho-
logical and behavioural smolt characteristics were also
manifest at this time. Prolactin cells, however, showed

o consis;ent state of activation other than a uniformity

of -appearancé within individual follicles.

Salinity Toleyance \
L -
Exposure w&i;y&bnon parr to the different photoperiod

regimens altered the chronological development of salinity
+olerance with an increase in salinity tolerance being

associated with an increased daily light exposure (Table 2).

RP fish tolerated concentrated seawater as early as mid-Feb-

ruary and this corresponded tc 2 period of long daily
light exposure. However,-when daily lighf"bgpésure was
short these same fish did not show a high degree of salinity
tolerance. The NP fish failed to tolerate cgncentrated

seawater in February but showed good tolerance later in the
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Figﬁfe 6
Sagittal sectior through pituitary from_gtléntic salmon‘
after. 6 weeks éxposure to a natural photoperiod regimeﬂ
starting in mid-December. Nﬁ, neurchypophysis; P;,.pars
intermedia; RPD, rostral pars® distalis; PPD, progimél‘
pars distalis. Dark cells in PPD are séﬁétofrops._ PAS-«

hematoxylin-0G. X320.

Figure 7

Sagittal section through pituitary from Atlantic salmon

after 6 weeks exposure to a veciprocal photoperiod regimen

starting in mid-December. NH, neurohypophysis; ' PI, pars

intermedia; PPD, proximal bars distalis. Note increase in
\ -
. hY
somatotrops (dark grey cells in PPD) as compared.to Fig. 6 '\\

above. “PAS-hematoxylin-0G. X320.
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Figure 8‘

Mid-sagittal section through a characteristically tongue-
shaped Atlantic s%lmon smolt pituitary gland éftached to
floor_of'brain. The main regions (RPD) rostral pars
distalié, (PPD). proximal pars distalis, (PI) ﬁafs inter-
media and (NH) neuroﬁypophysis are indicated. (S) shows
the region of the gland occiipied ﬁy pars intermedia. cells
ig the parr but replaced by somatotrops in fast growing

smolts. PAS-hematoxylin-0G. X84,

7 4
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TABLE 2

-

Effect of photoperlod on tolerance of Atlantlc salmon

to 400/00 seawatér at dlfferent times of the year

TIME TO 50©/0 - MCRTALITY, ;
IN 409/0c0 SWa.

<
Date /( ' Natural Reciprocal
| ’ Photoveriod - Photoperiod -
" Hours
o b
FTeb. 13 12.5 >100
April 2 >100 . >100
June 7 >100 18.5 -
a Values calculated from probit plots; N = § in all
cases. ' -

o




year when dally light exposure was longer. Groups that
showed faiiures in seawater in less than 100 hours attained
100% mortality before the ‘end of the experlment There
was a ;onsiderable'difference between the time from the

first overt signs of stress., as shown by increased pigmen-

tation or loss of righting reflex, to the time of death.

But this time interval appeared shorter in those fish develop-

. .

ing stress within 48 hours of the start of the experiment.
When deaths occurred at nigh% the time of death could often
omly be approximated w1th1n the span of several hours that

elapsed between observatlon51 HeK
M : ¢
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DISCUSSION

ThlS -study 1nd1cates that photoperlod influenced
growth and, at least on the basis of the development of’
salinity tolerance and characteristic changes in the mcr;—
pholegy and behaviour, altered .the timing of the onset of
smoltiEE in Atiantic ealmon. Further, these changes coin-
c;ded with alterations in the hlstology of the anterior
pituitary which suggested a dlrect involvement of thls‘
gland Lp the photoperlodlc lnductlon of growth _and poss;bly
some other aspects of smoltification.

Olivereau (1954) observed that smolts exhibit a greater

numbgE of fuch51nonh11es in the pituitary pars dlstalls-

. than do parr. Further, these fuChSanDhlleS are tlnctorlally

and topographically equatable with the orangeophlllc cells

of the proximal pars distalis which are believéd to produce

PR

: growth hormone (Olivereau,. personal communication)ﬁ - The

F 4

Dresent study suggests that thls increase in growth hor-

mone cells actually occurs durang ‘the early stages of the

parr-smolt transfotmation and before the morphological
tpaits of the smolt are well developed. Further, this
activation % growth hobmbne cells appeared to be induced
by long daylight nerlods. Moreover, it is possible that
the slight decrease ln the percentage .of sqm totrops‘in RP
fish towards- the end oflthe’summer, when daylight exposure

ander this regimen became shorter, igs indidative of a sea-

sonal photoperiod‘rhythm, These results corroborate the

{
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earlier work by Swift and Pickford (1962) who found that
the growth-promoting activity of perch pituitary. glands
was'highest during the sprlng or early summer and that this

R

corresponded to the ranld growth period. It is llkely,

therefore, that in the perch, as in- the saimon, the somha-
totrops are ﬁnder +he influence of photoperied.

Although smoltificatién is asséciated with profoﬁnd
biochemical (Lovern, 19343 Malikova,11957) and physiolo-
gical changes (Fontalne, .1960) the DOSSlble role of the
endocrines (Saunders and Henderson, 19?0) remains to be
elucidated. Certainly, work. on other teleosts suggests
that salinity tolerance and colour changes hay‘have an
endocrigological basis. For exampie, recent work on gali;
nity adaptétion in teleosts_(Kamiya, 1872; Forrest et al.,
1973) indicated the existence of a pituitary-intérrenal
axis in gill Na-K-ATPase activation. Furthér, an MSH
involvement in fin darkening (Abbott,lQIS) and a possible
influence of cortlsol on szlverlng (0livereau, 1872) have
alsoc stimulated speculation about a pituitary 1nvolvemenf_
in smeltification. t is not cléér'what, if any, inter-
relafionships exist between the various aspects of smoltifi-
cation. The size of the fish (Elson; 1957) and thé rate of
growth (Parry, 1958) have Dbeen suggested as Dermissive
factors in the onset of the parrs -smolt transformatlon.
Since growth rate seems To be an important parameter'in
the transForma*lon it seems reasonable to speculate that

growth hormone is also 1nvolved. But GH may have functions
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. additional to that of growth promotion. This is suggested

by the observations that GH promoted salinity tolerance in

brown trout, Salmo trutta (Smith, 13856), and affec{ed body
) i

electrolyte regulation in steelhead trout, Salmo gai&dneri

(Chartier-Baraduc, 1859). . ) \j
The tendency for somatotrop expansion along the neuro-

_'hypophyseal border during the periods of stimulation may

be indicative of an intimate control over t+these cells by

+he neurohypophysis. A close proximity of somatoirops and

+he neurohypophysis has also been reported for other spe-

cies (Ball and Baker, 1868) and may also be related to hor-

mone release directly into the neurohypogh&sis (0livereau,

19543 McKeown and Leatherland 1973) Unfortunately, light

A

microscopy presents: serious limitations to the study of the
" gomatotrops. Although the graﬁules of these cells, as well
as +the somatotrops of other species (Schreibman et al.,
1973), are larger than those of the prolactin cells, they
are nevertheless poorly detectable because of technical
1imitations. The use of acetic acid in the application of
orange-G in thls study greatly enhanced the staining quality
and reproduclbllﬂty offered by the commonly used phospho-
tungstic acid solvent. However, further improvements in
reproducibility will be necessary to preciéély judge granule
depletion.
Prolactin is another hormone which play; an important

role in hydromineral regulation (Ball, 1869; 0Olivereau,

1969). Although the prolactin cells remain active in sea-
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water they are much more active in freshwater and this
suggests that prolactin is mainly a fresh water hermone
(0livereau, 1968). It mlght be exnected therefore, that
the prolactin celle might show some modification during .
~the process of smoltification. However, in the preeent
investigation the prolactin cells did not show the expeeted'
;lgns of regression during this transformatlon. It is pos-
sible that a continued release of prolactin is needed to
maintain osmotic equilibrium in fresh water. This it might.
do by countering the effects of Ne?K-ATPase aetivation 5y
*he Ditultary 1nterrenal axis (Kamiya, 1972). Another
poss:blllty is that prolactin intervenes in 1ipid metabo-
lism. Recent flndlngs that Drolactln mobilizes llDld ~
during long davllgh; periods (de Vlaming, et al., 197%)
make it a 1og1cal target for the investigation of seasonal
changes of body llplds. LVldence for such seasonal changes
in the current study is in agreement w1th the findings of
oinder and Eales (1869). Data from these workers also
suggests that the lipid content of Atlantic salmon describes
an annual cycle. |
A suitable combination of photopericd and temperature

Drobably determines the onset of smoltification in the’
Atlantic salmon and can +herefore be used to manipulate it.
. ~

However, Baggerman (1860), though able to induce salinity
preference in pacific salmon by exposure to long daylight

periods, was unable t a loss of this preference.

Ttpse data indicate. that a 1imit o photoperiod manipulation
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may be imposed by the operatlon of endogencus cycles. It

1s sszble that maintenance of Dreadabtatlon-xo seawater

may require exposure of salmonid smolts to seawater (Zaugg

‘and Wagner, 1973). | )
The.acceleracion of prcadaptation t0 seawater by expo- -

sure to long daylight pericds in winter is indicated by

this study. More recently, Wagner (1974a) made similar

- observatlons in steelhead trout. It is not yet known

whether other Darameters of. smoltlrlcatlon, such as growth,

" are influenced-by photoperiod in salmonids other than

Atlantlc salmon. But it is likely that the commercially
-valuable Dotentlal of advanczng smoltlflcatlon by photo-
period manlpulatlon may be universally annllcable to other

species. The key to such a successful enterprise lies in:

the better understanding of a postulated "photoperiod-en~

docrine axis". . -

4
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INTRODUCTION

Seasonal growth patterns have been shown in several

species of fishes w

ith the patterns exhibiting slowesT.

growth rate in the winter (Le Cren, 1951;'Ba11, 1861).

L

In brown trout, Salmo trutta, (Ball, 1961) this seasonal

growth pattern was more closely agsociated with photoperiod

t+han with témperature. _EEEFher, in Atlantic salmon,

Saunders and Hender

could be altered by

_linear growth in sev

ing hypophysectomy.

bl

son (1970) reg orted that the Dattern

changes in daily light exposure. As

(Pickford, 1857), and can be partially

”estored by exogenous mammalian growth hormone in killi-

' flSh, Fundulus heteroclltus (Pickford, 1953,

reasonable to expect some role For growth hormone in the

Dhotoperlodlc mediation oF growth patterns.

In the'nrevzou

betweeh the growth

’ tultary cytology of

Briefly, <t hese cell

durlng the ranld gr

s section of this tbesws a correlation

eral species of teleosts SuODS follow~-

1954) it seems

patterns 1n Atlantic salmon and the pi-

ly
growth hornone cells was “eDorted

S eXhlblued hyoe*nla51a and hyoert*onhy

owth phase o; salmon .parr which occurs

fduﬂlng long daylight Derlods. Previously, mammallan gErow

th

: ho*mone injections have alsoc been reported to Dromote the

develonment of sali

1956) ané to induce

nrty ‘gle*‘ance in brown 't'ﬂout (Smith,

sa“mnlty Dreference in coho salmon.,

'Oncorhynvchusklsutch (McInewney c*ted in Hoar, 1966). 1In

Atlantic dalmon, sa

11nlty tolerance normally develops dur

ing
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the fast growth phase of smoltifying parr (Brown, 1957). .

Similar observations led Parry (1958) to suggest that growth

-

and salinity devélbpment might be causally related. These .
findings suggest the presence of a scomatotropic hormone in

fishes which can be partially mimicked by mammalian growth

-

»

hormone and indicate that this hormone may'exert effects

beyond simple growth promotion.

2
This section reports on the effects of porcine growth

hormene on linearrgrowth, morphelogy and salinity tplerance
~in Atlantic salmon parr. The effects of the hormone are
studied under photoperiod conditions earlier determined to

minimize the endogenous hormenal contribution, that 1is,

under a short daylight regimen.

-
- -,

he

&+
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MATERIALS AND .METHODS

Atlantic salmon parr, aged 2+ of 11.5 = 0.2 ecm fork
length, reared at the Saint John Hatchery, Saint John,-New
Brunswick, were tranipdrted,to the Fishefies Research Board
Biological Station at.Saint-Andrews, New Brunswick on June 4,
1372. The fish were kept in running dechlorinated fresh
water at 11.5 = 0. 2° C under a DhOtODe”lOd Wlth a light to
dark period opposite in length to the natural condltlons
which prevail at the time a% +hat latitude. At the start
of the experiment thls consisted of § hr of llght and 15 hr
of darkness. Temperature was cont*oWled by means of thermo-
sensory elecfﬂonic relays at the level of the header +anks.
The ”elays actlvated pumps which added. chllled .or garm water

-w."

as needed to balance out any fluctuations in temoe”ature

in the header tanks. Illumination was provided by two 40CW

fluorescent'lights positioned 81 cm over the tanks and con-

trolled by a timer. The +imer was adjusted by 15 minutes

every three days To produce the desifed light‘%o dark

ratic. The adjustment was made, alternately, at the start
or at the end of the light phase.

| The fish were divided into Two experimental groups ef

it fish each. One group was injected intraperitoneally .

- with 0.1 ml/g body weight of 0.6% saline containing 10ug/ml

porcine. growth hormone (Somatotropin No. S$-1501, Lot 28B-

2350, 0.7U/mg, Sigma Chemical Co.). The other groun re-

ceived the carrier only. All fish were ln]ected on alternate
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- - E ' . o . i sy - .'. T
days for a pé?iod df four weeks startlng on ane 27th.

The injections were given via a 26 gat needle attached to .,

a lcc disposable syrlnge,: _— A s e

* -

All handling of flSh was preceﬁed by anesthesla wlth

1: 80 tert-amyl alcohol to the stage qf-resnonse loss. Mor=

-

phometric determlnatlons were made only four times durlng iﬁgf
the’ exberlment (Flg "1) to keeb étress te a mlnlmum Fork > .

L

length was determlned to- the: nearest mllllmeter-and weight-

- £

was determined to the nearest 0.1 g after blottlng the flsh

with moist absorbent paper. . ,j”': ’ RTINS )

Plsh were fed‘twos salmon pellét feeﬁ 4P (Astﬂa-Ewos
\ .
"AB) thrlce daily to 'satiation on lnjectlcn +=r-ee days and

_ tw1ce daily, mornlng and evenlng on the days of 1n3ectlon
The relatlve amounts of food required by each groun dun;ng
these findings waS‘“ecorded. After 28, day%, and oh" an in-
jectlon-free day, fresh water was gradually replaced by sea-

water (30 /oo sal:.n:.ty) over a pericd of -22 hours. Temper-a- ,a

ture wes kept at 11.5 ¢ 0.2°¢ throughout Fish were held ) ==

L
-

under these conditions for five weeks. The surviving fish -,
- were then transferred to a routine helding taﬁk under the ‘
prevailing conditioas for'fdrther observation during a_nina
‘month period. _ ’ .-;,

Instantaneous (or specific) growth rates were calculated\
according to the formula 100. logeY; : ioEeYt where YT and o
Y+. are lengths or welghtgbﬁt +ime T and t, T being 1ater than
+ (Brown, 1957).  Condition gactor was deteﬂmlned accowdlng

to the formula K = 100 W/L 5 W = weight in grams, L = fork
. S »

'
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ilength in cdentimeters (Hoar, 1839; Brown, 19587). : T
- ' The_Stddenf's‘t‘test was used to determipe significant

differences in lengths and weights between the two experi-

mental means.
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Q' - RESULTS

" Effects of Porcine Growth Hormone on’ Growth and Morphology

Grpﬁth-hormone injected‘}ish grew more in';ength than:
the saliné“injected controls and were significantly longer
(P < +05) after four weeks (Flg 1).. This was a reflect;
ion of the hlgher 1nstantaneous growth rate in length ‘re-
‘corded for the hormone treated fish (Table l?. Growth
hormone treated fish also gained more neight but this dif-
ference was not significsnt.(P >+.05) after four weeks. -
During the same interval the condltlon factors on the ‘
growth hormone injected fish decreased cons;derably while
that of the controls increased. The hormone treated flsh.‘
. consumed about one third more food than the controls. |
Although' parr marks remained visible in both groups,
“+he black'fin margins characterlstlc of salmon snolts be-—
came very evident in the hormone 1n3ected fish after two

weeks. * The hormone injected fish also exhlblted an intense ’

"yellowing" arcund +heir operculae and on their fins (Flg. 2).

Effects of Porcine Growth Hormone on Salinity Tolerance

After one week in seawater more than 50% of the controls

had“died. Most of the remaining fish in this group dled
- = . . -

"pefore the end of the second week.' The incidence of mortality.

dld not appear tc be s;ze related. None of the_growth~hor-

-

mone injected fish dled over the observatlon period or *

A

during a nine month post-experlmental observation: period
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when the hormbne.injectéd fish grew wéll,_;ontinued'to

silver and gost their parr marks.
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1.8

- Figure 1

Effect of pordine GE injection on length, weight and con-\\\\“_

dition factors in the parr of Atlantic salmon, Salmo

‘ saiér, L. Values are means with the 95% confidence in-

\ .
3 GH injected ~ 4 ).



(a)

(b)

(c)

A

t
g
o
o

17.5r

1
@]
G
N

'O «LHOIAM NV3W

ek -

WO - HLONZT NVIW

i |
o =

HOLOV4 NOILKINOD

DAYS OF . TREATMENT



TABLE 1

Effect of ,porcine growth hormone injected on alternate
days for four weeks on the instanfaneoué growth rates in .

length and weight of Atlantic salmon parr.?

Injection Period ) © 0.6% Saline Porcine Growth
) Hormone
i‘ iength welght ;ength weight
June 27-July 10 0.1 0.86 0.46 1.11
July 10-July 17 0.22 1.3% C.41 1.45

July 17-July 25 0.23 0.64% 0.59 1.01

a Instantaneous growth rates were calculated according

' log Y. - log Y, g
to the fowmula 100.. e T e T where ¥, and Y
/ T- t ! T t g
are mean lengths or mean weights at times T and t. =
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B ) Figure 2

Effect of pordine grdéwth hormone therapy on pigmentation
of Atlantic salmon parr. Top three fish are saline injected
controls. Note yellow pigmentation and darkening of fins

of hormone treatgd animals.

4
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DISCUSSION

. =
- This study ?ﬁdicates that porqiﬁe GE promoted linear

growth in Atlantic salmon parr. This finding is in agree-'
ment with similar studies using purified beef GH on S. trutta
(Swift; 135%) and on intact and'hyﬁophysectomized F. hete-
roclitus (Pickford and Thémpébn, 1945; Pickford, 1957). |
It is probable that the differences in growth rates bet-

ween saline injected and GH treated fish in the present

study were maximized by using short daylength conditions
which presumably decrease eﬁdogenous GH produc%ion (Section
). .Similar’findings have been reported b& Swift (185%) .
who found tha;gg: trutta injected with-beef GH grew faster
than sallnt injected controls in March but that untreated
confrols matched the GE treated fish during the longe day—

light condltlons in July. It is poss;ble,,therefore, hat

reports of a lack of effect of GH injections in some 1
tances (Pickford, 1957) may have beenldue to. experimental
photoperiod conditions. That is, fish may have been tested
dufing periods of maximal endogengus GH production.

The observed decrease in condition factor of GH. in-
jected fish is similar to that found in fast growingzga%ﬁ;n
and at the time of Darr—smolt transtﬂmatlon (noar,\igas)
and corroborates earlier reports ln this thesis. Thi; de-
crease in condltlon factor may be a consequence of accelerated
lingar growth but could also be affected by possible fat'

mobilization by GE as has been suggested for mammals (Russell,

1955; Raben, 1973).
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Survival in;seawaten of GH injected parr is in agree-
meﬁx with Smith's (1956) findings in brown trout. It is
smgnlflcant that in the present experiment surv1val was
possible under photoperlod conditions that had failed to

" favour development of smolt chargcterfétics during an
earlier study in this thesis. ' ' |

The mode of gction of GHE is.not yet clear nor has it
been sho&n.whethgr GH from othef'specieé, fish in parti-.
cular, has a similar effect. The resolution of this pro-
blem will have to await the purificat%én\of cgnsﬁécific
GH. Smith (iQSB)—sugégSfed that GH promotes survival in
seawater by increasing tgé;met;bolic rate 5f the fish. It
is pét likely, however, that GH pléys an exclusive role in

the protess of preadantatidn-tQ~seawater. Preéda.tation

of cels to seawater apnears to involve adrenocortlco opin

and cortisol (Kamiya, 19723 Forrest et al., 1973) but the
role of GH in this sp cies has not:peen studied. Since

thé process in salmonids\ involives similar mechanmisms, such

as gill Ne-~X- ATPase activdtion, the Dituitarj-intérrenal

axis might be expectgd -0 be involved in the seawater pre-

adaptation of these species as\ﬁell. nowever, this remalns
1 . -

v

to be demonstrated.

Fd

It is notable, that accelérated growth and salinity

tolerance were induced in the absence of overt silvering,

an event nbrmally.éssociéted with the parr-smolt transform-

ation. Hormone injected fish were transferred to seawater

‘: -
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with conspicuous parr marks and'did‘not silver in'that
medium until sevefal,months after the';onclusioo of this
éxperiment. This finding suggests'that eilver;ng gs,oot
an obligatory compoﬁent'of_the‘;rocess of preedaptation
to seawater. The lack of silyering is also signifioant
si;oe it éuggests that the GH poeparation was hot contami-
nated w?th TSH. Eleeated levels of TSH would presuhabIQ;

have resulted in a stimulation ®»f the thyroid and thyroid

hormones are knownito promote- silvering irn salmomids (Land-

grebe, 1941; Robertson, 19u8).

The intense yelloﬁing of the fins, the operculae and -
to a lesser,degree some other body parte maQ‘have'been
caused ﬁ? Gﬁ‘itself. Severai reports attributed a wan-
thophor@ %esponse to prolactin (Sage and Bern, 1972) and
human GH (Ball and_Iﬂgle?on, 1973). However, a more recent
study indicates some uncerfainty about the xanthophore
dispersing‘activity of pfolactin {Farmer et gi., 1975).

"No eﬁplanatioo_oan be offered for the cause of fin darken-
ing observed in the GH treated fish put the possibility of
ACTH contamlnaulon cannot be ruled out Preliminary oOrk
has ‘not suggested an effect of porcine GH on pituitary
_cytology that would account for the observed effects. .

Thus, "it appears That the effects of the GH preoaratlon

in the current study were not mediated by thdt ‘gland.

This study also suggests that the recept s - for growth~

hormone do* not fail to resoond £o lncreased levels of the
hormone under conditions of short daylength. Therefore,

- <
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.

photoperiod effects are probably mediated By the pituitary

and are expressed as changes in the production, the re-

lease, or both, of the hormone. .
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INTRODUCTION

- . .

The preceding studies reported in this thesis sug-
gested a role for growth hormone in growth and smoltifi-

-

¢ation of Atlantic salmon. Histological cobservations also
suggested that producticn of the hormone could be altered

by photoperiod manipulation. Itfgggzéqed reascnable, -

- Y
. fherefore, to attempt to measur changé?\in\E::mqne”prp—
ductipn‘by the more direct appybaches of e}ect-gg?orgsis
and blological or immunologicai assay. < a '
Pituitary hormones have been sgcggssfuliy sepgrated<‘;
by the'ppl&acrylamide disc gel elecfroﬁhdreéiS'(PAGE)

method of Davis (19684%). -Elect onho“etlc senaratlon has

been accohplished on pituitary extracts from rats (Jones

et al., 1965; kragt and Meites, 19663 Hodges and‘McShan,

1970; Ben-Dav*d and Chrambach 1963), mice (Cheever et al., .

-

196¢8), €els, Anguilla angu;lla (Kni ght et al., 1970)

flounder, Dleuronectes flesus (Chadwlck 1970), nollles,

Poecllia Tatlolnna (Ball and Ingleton, -1973), cichiids,

Tilapia mossamb’ca (Clarke, 1973a,—?arﬁe _3 Q_;; 19553,

mudfish, Labeo umb“atus (Hattingh and du rro*t 1973)3 and -

[

blue shark, Pricnace giauca (Lewis et al., 1972). -Prolactln*

- and growth hormone have each been assumed o yler s*ng1e

discrete bands in most of these gel studies on teleost
L8 A}

DltUlta“;es and these bands have been tentatively identifiedg;

A partial DurlFlcatlon and chaﬁacterlzat_on of prolactin

J
i
1

has,.however, only been accompllshed-ln‘the,CLchild Tilapia

.
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mossambica (Clarke, 1973b; Farmer et al., 1875} usmng blO—

assay to ldentlfy the hormone as-the Na—retalnlng pr1nc1ple.

L S -

. - The oosmtlve 1dent1f1catlon of a teleost growth hormone on A

K

~

" disc gels has not yet been reported. This can be. attribu-

ted. to the absence ol a sultable assay for thlS hormone.

.

€. Changesgln the putative prolactin band density of

- Poecilia latipinna (Ball and Ingleton, 1973) and Tilapia |

species pituitaries,ﬂClarke, 1973a),‘following transfer of

the- fish between waters of different salinity, have been

sgccessfully studied with the aid of scanning densitometry.

Ab”uot exposure of seawater adaoted animals to fresh water

-

resulted 11 a tranSLent .decrease of electroohoresable

orolactln levelssln the oltultary.

v

I More 1"ecem.ly._. electrophOﬂetﬂc technloues nave also
been aool;ed to ob*a*n ho”mone lraotﬂons by oreoaratlve

electroohores;s (Yadley et al., 1973J. However, the appli- ‘

’,//etlons and llm;tatlons of oualltatlve and ouantltatlve .

.

' ézic gelrelectrooho“esis in the study of teleost endocri-~ ¢

ology have not been xnvestlgated Ain deoth

Tvidence for the aotﬂons of salmonld D*olact1n is

-

limited. DonaldSOn et al.. 41988) reoorted that lnjectlons_

of a c“ude ext*act of chﬁnook salmon, Onco“hvnchus tscha-

13
Eztscha ﬁresumed to contaﬂn o*olactln, reversed @ drop in .,

’
-~ “a

olasma osmola“lty id hyooohysectom;zed goldfish, Ca*a851us-

» ’ R . _
adratuse - . U s U~
S D - - .

PATIEY

The follow1ng exoerlments were undertaken to seoarate -
A - v~
'.'AA- C -,

- h6rmoh€1«oe;nc1oles oresent ln Atlantlc salmon oltultary

K
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'electrophoreﬂagrams and to ver;fy the ldentltles of p

lactln and growth hormone by a variety of assays. I
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size of the electronhoresable\\bool of Atlantlc Salmon

- r
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: _— " MATERIALS ‘AND METHODS - .  * -
. N | ‘ - ot . | - .
Atlantic salmon parriand smolts were obtained from

Farious scurces at the‘St Andrens Biological Station
However, only materlal from flSh from the same source,
and held under 1dent1cal condltlons, was used in any one
experiment. No attemct was made to senarate sexes but

hone of'the flsh.used in this study showed owert signs of

oo sexual maturlty b Com

o b - —

%& ?lsh in any one experiment were kllled by ranld over-

v 'anestheSLa in tert-amyl alcohol (l 50) or by a blow on the
* head. The brain was‘exposed by cuttang off the top of
" the head. - The, iateral nerves, optic-nerves and nedulla

. £
were transected and- tne braln, w1th the Dltu1tary still

7
attached, was gently lifted out of the‘head Subsecuent1y£
- -

the D:.tu:.tary was carefully detached from the brain by . ‘

-

severlng the stalk and blood was blotted off with filter

paper. All operatﬁbns which involved handllng of tlssues
were carried out a* 4°C. s : L

N

One group of Dltultarles was dlssected into RPD, PPD,

-

PI and Dans nervosa fragments Sevenal nltultarles were

»

stalned forpié hours in 2% orange G in 2% acetlc acid and
destalned in. 70% ac« aﬂle alecohol. This procedure stalned
dthe roetral pars distalis a brlght_onange. In the fresh
fituitary this‘part usually appears as a distinet whlte .
cap. 'fne nest;of the brain remained pale. 'The toatral pars

distalis e 3 then;easily'sepafated’as a sheet by blunt dis=-

Vi ¢
-
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secfibn.' An attempi.was also méae Xo separate the pro-
ximal paf% distaliéﬁf:om the pars intermedia and the pars
intermedia from the peurohypobhysis. All the fragmenté
of each-area were immediately frozen at -30°C until they
;weféehqﬂpgegized priép to electrophoreéis; - ‘

A group of pituitaries was also perfused to eliminate
con?amiﬁgting.blood._ Thié-was done to stud& any possible

“contribution to the electrophoretic pattern of whole pi-

. ~tuitary homogenates by blood pegpides. To this effect six-.

salmpn.smolts were anesthetized in 1:80 tert-amyl alcohol

. -
-

'and'fheir hearts were remove@._bA polyethylene cannula was
théﬁ'insérted:into}?he buibus-aryeriosus and a 0.6% NaCl-
shqrose solution, adjusted to 320 mOsm, was pumped through
the fish at {he rate of § m;/mih: The éérfusate was allowed
to-drain through the ¢ut end of the portal vein. Within
30 minytes aill tis;ueé, except the spleen and the saccus
v;sculosus became blanched. After &Q minutes of perfusion

+the pi@uitaries were removed from the fish in routine man-

. ner. Four of EEF pituitaries were frozen_at -30°% for

\
electrophoresis and the other two were placed in Bouin's

fixative for histological examination.
) . .5
Polvadrylamide Disc Gel Eleétrophoresis (PAGE)

Fresh or frozen pituitaries were homogenized in 25 ui
~of dié%illed water and. further homogenized after addition

“of an equal volume of a 1l:1 solutiomr of TRIS-Glycine buffer

' (pE 8.5) and a 40%. sucrose solution. The ¥inal.volume was

*
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ePproximately 50 pl. This homogenate was electrophoresed

on a Shandon PAGE apparatus at pH 8 S. Gldse tubes with a

4mm inner diameter and l0cm in length were 1oaded w1th a

S.Scm running gel (7.5% acrylamide) and a_l.Scm stacklng

gel (3.5% acrylamide). Electrophoresis was conducted at

4°C to prevent denaturation of the peptides. Saﬁples were

layered onto the surface of the large pore gel wi%h-a micro- b

pette, and a 1 mA current was applied per tube. Af§er

five minutes the.current was increased to 2.5 mA per tube.-

This current was mé&ntalned untll the bromephegpl blue

=
f-h N N
1nd1cator band was seen to migrate.into the small pore rln-

. v )
ning gel. ,The current was_then increased to 5 mA per tube
and electrophoresis was continued until the indicator band.
had moved aD‘Droxfma‘tely Bem along this gel. On completidn. i

of the ”un, the gels were stained for 24 hours in a sclu-
tlon pons;stlhg of 1% fast green in 7% acetic ac1d (Gorovsky
et al., 1970). The relative mobilities (Rf values) were
.expressedtas the ratio of the distance from the origin to
the.particular proteiﬁ baﬁd_and the distance frqm'the ori- .

gin ‘to the ion front indicated by bromophencl blue. Gels

were soanned at 523 nm usinhg a 2.5mm X 0.25mm slit on a.» g

Vitatron densitqmeter model TLD 100 and the amounts of -
- ’ - - - . .
pr teln were estimated in tégfﬁ of purified bovine albumin -

(Sigma Chemlcal Co.> standards Beers law, which descri-
bes a linear relation between concentratlon of protein and

absorption, lntenswty was verlfled for 0.8 to 5 pg loads Der

.~ band.

Ry,

TN
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Tsolation of Putative Prolactin (PRL) and Crowth Hormone (GH)

N Several hundred pit‘itaries were obtained from both

-~ -~

fresh and seawater salmon smolts. The rostral pars distalis -

was removed from approximately 100 and these were pogled
and processed separately. About 200 pituitaries were
freeze dried and ground to a fine powder. Thisjpituitary
powder was homogenized in distilled water and Tfis—glycine-
suecrose as described previously. - The resulting homogenate,
made'up-to 10ml with distilled %ater,'was‘centrifuged”at
5000g for 30 minutes to remove debris and the pellet *as
then re-extracted in the same way. The supernatants were
combined and the final pellet was discarded. The combined
Eupernatants were concenfrated by ultféfiltration in an
Amigon chamber (Model 10-FPA, Amicon Corp.) fitted-with an
XM 50 membrane which retains components with MW > 50, OOO
The ultrafiltrate was collected and filtered through a
Diaflo PM10 membrane (Amicon Corp.) which ﬂetains components
with MW >10,000. These retentates were now Dﬂesumed to o
.contain all the comoonents with a MW between 10,000 and
50,000 Daltons. The retentates, each of agprox1mately 0.1
ml, were combined éﬁd electrophoresed in 50 to 100 ¢l loads
per gel. Two gels.Fﬂbm each run were stained with fast-
green then destaﬂﬂed‘%1ectrODho“etﬂcally " The remaining_
gels were 1mmed1ately Frozen and stored at-'-25 ©c. Once the

¢
presence of deSLred bands was vehlfled-on +he stained con-'

frol gels then the corresoondlng sectlons were -emoved from

i
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the frozen unstained gels and allowed to'thew atykoc. These

gel sections were extracted electrcphcretically and the

eluates were ‘concentrated. This nas accomﬁlished with a ) ;::>

disec-electrophoresis apparatus consisting of an upper ca-

thodal and lower anodal buffer-reservoirs (Flgl 1-3). The

electrodes were 5cm long battery carbons. Two plexiglass

discs were iocated between the two chambers. Each disc has

four holes. Dialysis membranes of a pore size selected to.

retain .the desired peptides nere placed over the holes in

the lower dggc and the‘ﬁcles in the top and botiom discs were

placed in apposition. The two discs were then fastened to- -

gether with four Dlastlc sCrews. . ' '7‘j

Proteln bands were eluted from gels by lnsertlng the

E%SPDroprlate gel segment into the slightly constrlcted end

%f- a Lem long glass tuI;e. E'h:.s%nd of the tube was then ) ‘

" inserted into one of the holes above the d1a1y515 membrane

leaving a space, fllled w1th 0.1ml of Tris-glycine buffer,

between the membrane and the gel section. - The upper end of

the glass tube was ins?rted into the base of the upper re—ii

servoir which was then filled with Tris-glyeine buffer.

Y

The gel section was layered with 0.lml of .Dhl% aq. bpomo-
Dhehol blue as an indicator dye. The cathode lid~§as Dlaced

on the réesefvoir and 2 mA of current were aDplled per tube

L

" until the indicator dye mlgrated thrOugh the gel sectlon
Peptides were concentrated by elutlng several gel sectlons

containing the same protein band into the same 0. lml of

Tris-glycine buffer. The cathodal buffer was renewed after.

-
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tomponents of dlSC gel fnactlon extraction apparatus.

anode buffer reservomr 1lid and electrode, B

A,

1'~eser*\:ro“.:.r,.c dlSC gel tube, D, two dlSCS with 1nterposed

d1a1y51s membrane, E, cathodal buffer reserw01r.
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. Figure 2
Assembly stéps of disc gel extraction apparatus. Upper énd_
of-glass tube containing gel to be extrgcted is inserted
in anodal buffer veservoir. Lower ggq is inserté&”into

upper one of two disecs (Fig. 1, D) éfter dialysis membrane

.. i . . -
is secured between discs. RN v
L ) ! ’-‘b
- a . " :
X ! ]
) L 4
LY
4 e
- - L]
¢ : *
i " - \
Figu?@ 3 . i ) :

Assembled disc gel ex®action apparatus. - l






each extraction run: Prlor to removal of the eluate fracté
"Lon thé current polarlty was brlefly reversed to recover
- any portlon of tbe peptlde that had adhéred to the surface'
of the dlaIYSlS membrane. The purmty of the-e\tracts was
checked by electrophoresxs o - B -
All of the barids from some gels were extracted 1nd1-
vidually:for-radioimmunoassay of PRL and GH.  Each of the
':ipdividual extracts were contained in 0.1lml of buffer. IAn
additional series of extracts was prepared'from gels after
electrophore51s of homogenized RPD fragments.' Extracts for

be;assay of PRL contained only major bands assoc1ated wzth

‘the_RED.

-
-

Bidassay of Atlantic Salmon Prolactin
S & _

. The bigassay for PRL was based on the sodium-rétaining i
E]

activity of the hormone in hypophysectomized ki;lifish, : R

Fundulus heteroclitus, following -wansfer from seawater to

fresh water, .'(Pickford et.al., 1668, 1966). The fish, appro-

wimately two 1nches in length were collected’in estuaries

near the .Mt. Desert Island Biologicai Station, Sallsbury

“qr »

Cove, Maine, USA. They were held in seawater (30 O/gb'

salinity), at 12°¢, under a2 simulated natural photoperlod -,

from October l2th to November 2nd when they were transferred
to St. Andrews, N B. The xillifish were initially held qnder

the same condltlons fo; a perlod of 10 days The dayllght.
perlod was then reduced to’ 8 Hours "to prevent sexual matura-
- v
. \ggon. Hypophysectomy was performed by the opercular approach

T
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method of Liver'sage (1873). The pituitary wagﬁggaoeed by
: cuttﬁng and patting the pharyngeal epithelium and para-.

sphenomd bones as flaps. The gland wes'then’removed by ‘n
applying moderate suction through a drawn out 50 ul—nlpette

The bone flaps were carefully replaced to allow proper heal- .

ing of the incision. peratlons were performed in an {

ldentlcal manner except that the pltultarles were not removed

Ooerated and sham-operated anlmals were dlpued in a 0. 00&%

ag. solutlon “of oxytetracycllne hydrochlorlde (Anlmal formula
dTerramyc;n,,Pflzer) and retupned to-r seawater for post-

operative recovery. _' - '

Bloassay was carried out. lu\days after surgery.

At thagj%lme kllllflsh were injected with gel segment eluates . d
containing the major RPD bands in 0.6% NaCl in Tris- glyczne ] i!
.buffer (pH 8.3), with whole RFD hemogenate in tﬂe;samévvehiw
cle or w1th 3ust the vehlcle Injections ﬁeg: delivered
1ntrauer1toneally via the post-anal hypaxial musculature

using 0.25ml tuberculln syrlnges fitted with 30 gauée needles. ,

Y

"Ten control, fish, eight sham hyuovhysectomlzed and nine hypo-

-

J
physectomized fish were glven Dlacebo lnjectlons Two hypo-
i

’

physectomized fish were injected with RPD homogenate, three

peceived eluate from tﬁ% segment contalnlng the putative

-

4

prolactin band (Rf = 0.47), two were injected with eluate
_.ffonl%he section of gel preeeeding tHe prolactin band andl
" one was injected with eluate from the remaining portion of

the gel. Three hours after the injections one half of each

- group of placebo injected fish, and all the fish receiving

., ' - _ : ' - . {
. - "
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-overanesthesia in tert-amyl alcohol. - The bloed

fuged at $00g fo" 10 min and .the plasma was sto

-50-

coated with ammonlum heparln (Sherwood) This was done by

,,‘

sectlonlng the caudal peduncle and taklng blood

‘from the ‘caudal artery.. Fish were then rapidly

-

remnants.
‘Plasma eliéuots of § pl size were dilﬁ ed to 7.5ml with
distilled water. Duplicate dilutions were made\whenever

pbsszble Sodium concentrations'were determined by flame

-emission spectronhotometry on a Perkin Eimer 303 atomic

»

absorptlon—em15510n snectroohotometer.
Duncan's new multlple—range-test Steel and Torrie,

1860) was used to test for differences-among the experimental

means. _ g
it E

RIA of Salmon PRL and GH Identitieg on PAGE

Samples of pitultazy homogengie diluted with Tris-glycine

buffer and extracts from six gel segments*wefe air-mailed
for analysis to a-commercial ra ioassag’laboratory (Radio-
assey Systems Laboratories, Ca S ‘Califcrnia USA). The

extracts represented the sum dtal_of electrophoresable Dep-

. ¥

. gtide from three salmon pitujtaries (12 mg). Each of these N

» - -

e

.
.
’ /\ et
.
-
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( pituitaries and eluates from segments of gels contalning electro-

) .».lengbh_ of ,g_els. were: 'orepa“ed ‘Erom lbot}n w}‘xole p:x.tu:.tam.es o

. v . .
o0 N . s e -, -
S ST
. ) . . L] o~ \f-'-" ' T -

a “__l . . .
. Lo -.-_:_. -, = . v '.'

_ewct\racts contalned no mor?e 'than one band w:.:;.'h prote:.n cd‘ncen—

-~ ' ~ .

.

3 b a ~

Had -.-' A -
S “E‘reeze dnled e\tMcts B segmén‘t:s cove:::lng the ent:.re

.ur‘
i + -
-

.
. .‘-. -
- - s

‘.and RPDs. ‘I'hese ettra&ts were transpor‘te,d frOzen"*a‘t': -.15 C e

. .-.) —'- -,

to the Unlvers::.'tycof Guelph for- rad:.o:.mmunoassay of growthA N

-
.s.d' BN m,

hof‘mone ana~ pro‘lac‘q:.n.‘ 'I‘ e gurpose pf ‘t‘hése" assays was to

.".
.3

detect the locatz.cn of the hor'mones on the$gels.« The assays "

-
,. e - ~ ——

were Derformed by Dr. B. A. McKeowh by the technlque of - :

Lea‘therland and McKeown (1973) .This tec_hn:que involved

the use ~of antipollack (Pollach:.us-virehs) hormone in a

solid-phase method. The amounts of 'putative PRL and GH ' i
were electrophoretically estimated to be in the range of e
2-4% ng. | -
Vasopressof Adtivity of PAGE Extracts - .

€

.

Four :Sprague—D,awley %rats, approximately 300g in weight, :
were “anesthetized with 0.25ml of Nembutal {50mg/ml). A
cannula was then 1nser‘téd :Lntc the 1eft carot:.d artery.

This- cannula, fllled with €. 6% salme and 1 U/ml of heparln,

was connected vi(a a pressure transducer to and E- 8 M physz-o-- 4
!
g“aph in orde'ﬂ to. recorc bl ood pressure. A lead ‘_cI EXG-was

-

also recorded. : ' u - ' N

; « s ..
Blood pressure and heart rate were allowed to gtabilize
- : . " ‘ 'Y . . .

‘and -a quantity of p-it'u::.'t:ar-y homogenate equivalent to 1, 2 or 3 .

«phoresed salmon pi:t:uit_aries 'wer/e'tested. Argi@xe’ vasopressin
» R ‘ - r.

trat:.ons..‘raﬁgnmg from lO to uU- ng/ml of the‘ bnffer, S

-r



~bL-

RESULTS -

Polyacrylamide disc gel electrophoresis of whole, fro-

zen or. previously frozen Atlantic salmon pituitaries all
a . v . -
yielded highly variable results. In many ceses no very

distinct bands aoneared.. This made it negcessary tc pdol

-

'pituitaries, or their fr agments, for each gel 1oad

The most Lyn«cal bands from 'the RDD had Rfs of 0.22,‘D$70

and 0.55: The band with an Rf of 0,27 {Fig. u) was the most'

-. »

common. The band with ‘an Rf of D.22,-ghough 1ot ;ouﬂd as’

of enz was sometimes very 1nteqie},2 as;eﬂ moving band
could be resolved lmmedlaeelv ahead of.the band wluh RE =
Q.47. Heﬁever, this could- only be acconnllsheﬁ dfter the
indicator d&e had migrated at.least N.S em into the smali
pore gel. Ncne of these bands were found in homogeﬁates
fpom other-parts of the pituitary.

The su*é*cal isolation of gtfher pituitary regions ;as
dl:f’cult because of the neurchypophyseal interdigitations
“1nto +he proximal pars distalis (PPD) and the pars 1nter-
media (PI).- On the other hand, the neu“onyuovhySﬂs does
not invade the RPD to any significant degree. .Several bands
appeared to be related to an area exclusive 10O +he RPD with
the most prominent having Rf values of 0.73, D.S&,;D.BG,
and 0.S84. Tractions from the RPD did not give rise tosan§
bends with Rf values > 0.5. Bands with Rf values > 0.7

were found in association with relatively pure PI and neuro-

hypophyseal material. But due to';he impossibility of

<
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Eolyécry;amide disc, gel of homogenate of whole pituitary

.

gland from Atlantic salmon, Salmo salar, stained with Fast

Green. 0, crigin; GH, growth hormone; PRL, prolactin;
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separatihg the PI from the neurohypophysis the origin of
these bands could not be established.
~ . ’ ’

Gels of whole pituitary homogenate did mot display
any bands with strong affinity for either PAS or aldehyde
fuchsin. However, weak staining with PAS and aldehyde
fuchsin was observed on bands with Rf values of 0.55 and
0.89.

Atlantic salmon serum produced 18 distinct bands‘after
PAGE TAppendix,_Table 1) and several of these had Rf values
identical or close to those produced by pituitary homogena-
tes. However, no noticeable difference was found‘between =
the electrophéretograms of pituitaries flushed with the —
NaCl-sucrode soluti‘on and the patterns produced by fresh ‘
whole pituitary homogenates. The histological examination
of "several of the perfused glands confirmed that blood cells
were only found in the adjacent saccus vasculosus and that
few; if any, remained within the gland. B

The brain tis3ue electrophoretograms were obscured by

intense background streaking but displayed a major band

with Rf = 0.59 and a scmewhat less intensely staining band
with Rf = (0.61. Sevéral other bands were just barely detect-
able.

Extraction of Putative PRL

Several eluates were obtained from segments of gels
containing electrophoresed RPD fragments. Electrophoresis

of an aliquot of each of the eluates indicated that they



-657-—

were free of contamination and only the desired bands were »

present.

The eluates from one of the RPD gall segments contained:

a composite band with a principal component (Rf = 0.47) and
(f.

a less intense component which migrated on its, leading edge.
A slight increase in the faster moving component was apparent

after handling under alkaline conditions or after freezing.

When the purity of the eluates Irom gel segments con-
taining the %PD band with an Ré of_0.22 was checked elec—
trophoretically two'bands with variable Rf's, close to (.30,
were cbtained. The original band (Rf = 0.22), however, was
seldom present in these eluates. C
The band with am Rf of 0.47 was retained by the Diaflo
PM-10 membrane whereas the band with Rf = 0.22 did not ap-
pear to H’e re‘t.ained at all. {Qsequently, ultrafiltration ‘
provided a means for the pre£iminary separation of these

two RPD components.

Prolactin Bioassay

Hypophysectomized killifish transferred to freshwater

. - - - - +
showed‘é significant drop in their plasma N&' levels rela-

rt

+ive to either the sham operated or intact group (Table 1}. Prior

o]

injections of pure eluates of the band with Rf = 0.47 pre-
vented this dreop. In fact, the plasma Na* levels of this
group were higher than all other experimental groups (P < 0.01)

with the exception of hypophysectomized killifish retained

in seawater. Partially purified RPD homogenates also showed

-
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Effect of PAGE fractions of Salmo salar pituitary rostral
pars distalis on the plasma sodium concentration in hypo-

physectomized seawater*adapted Fundulus heteroclitus fol-

lowing transfer to fresh water.

P fum®

Treatment N . -lEsma_Sodlum

(mEq/liter)
_ e

0.8% NaCl I.P.

" FW Contrel 5 181.7 + 5.9
SW Control 5 ° 185.7 + 7.9°
FW Sham operated L 176.5 *10.2
SW Sham operated L 185.8 *11.8
I'W Hypophysectomized 5 145.5 :-S.Bb
SW Hyporhysectomized L 205.8 = S.Sb

PAGE Fractions in 0.6% NaCl I.P.
fW Hypophysectomized
Fraction A (Rf 0.0-0.43) b
1 yg protein/g B. Wt 2 158.5 = 0.8
FW Hypophysectomized
Fraction B (Rf 0.43-0.49) : be
0.5 pg protein/g B. Wt 3 221.6 *12.0
FW Hypophysectomized
Fraction C (Rf 0.49-1.0)

1 ug protein/g B. Wt 1 155.3

Rostral Pars Distalis extract in 0.6% NaCl I.P.

3 (pooled) 1 . 183.9

& (pocled) 1 170.3

a Values are means z SE of means.
b Means significantly different-from FW control (P < 0.01).
¢ Means significantly different from FW hypect (P < 0.01),

£
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Na® retaining activity. Injections of eluates from other
segments of polyacrylamide gels did not have any iignifi-
cant sodium retaining activity. No significant differences

were found among the hematocerits o

+h

the different groups.
Histological examination of the floor of the brain of

hypophysectomized animals did not reveal any pituitery tis-

sue.

RIA ©

Hh

PAGE Eluates T

Commercial radiocimmunoassay of gel segment eluates

using anti-human GH did not indicate any significant reactien

3

with any of the gel eluates. Some reactlion was reported

with anti-human prolactin in all segments of the gel but
+his did not vary from the reaction reported with an exX-

tract from a blank portion of gel. The reaction appeared

o be more specific when antibodies to the pollack hormones

-~

. | o .
were used. Most of the GH activity was reported to be loca-
; .

Vasopressor Activity of Gel Eluates

ted between R& 0.33 and 0.%0. Prolactin appeared to be pre-
sent iIn several segﬁents of the gel but the greatest acti-
Qity was located between Rf 0.45 and 0.50. Somewhat reduced
éctivity was:éaso detected between Rgs C.1% and 0.25 and

Rfs 0.35 and 0.44.

Homogenates of approximately 3 mg whole smolt pituita-
ries had a rat vasopressor activity equivalent to about
8 I.U. of arginine vasopressin. Nane of-the segment

.

eluates from gels containing whole Atlantic salmon pituitaries
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electrophoresed under the alkaline conditions prevalent
in this .experiment showed any significant vasopressor

activity.

‘Effect of Constant Davlight on Pituitarv Electr®phoretograms

Transfer of salmon parr, acclimated to 12h daylight
periods for three weeks, to a 18h daylight regimen resulted
in decreased PAGE detectable PRL and GH levels. However,
transfer of salmon from the 12h daylight regimen to an 8h
daylight regimen showed only a slight, non significant
(P > 0.05), decrease in PRL and GH levels. The band with

RE = 0.22 did not show any significant changes.

v

ffett of a Lh Increase or Decrease in Photorveriod on

)

Pituitaryvy Electrophoretograns
=

A 4h increase in daylight exposure of salmon parr, ac-

climated to 12h daylight periods for three weeks, resulted

n PAGE detectable GH

He

in a significant (P < 0.05) decrease
levels (Table 2). A slight non-significant (P > 0.05) in-
crease occured in <the PRL levels. Decreasing daylight
exposure by bih resulted in a significént (P <.0.05) increase
in PRL levels and a non-significant (? >”0.05)_decrease in

_GH levels. No significant changes were observed in other

electrophoresable pitultary components.
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TABLE 2
Effect of increasing or decreasing the daily light exposune
by 4h for 18 days on electrophoresable pifuitary GE and PRL

levels in Atlantic salmdn acclimated to 12h daily light periods.

R —

Regimen Putative Hormone Units® (W)° Percentage of
Electrophoresable |
Proteiln
12h daylight -
. GH S33.1 5.2 (3) 3.9 = 0.4
PRL 13.2 = 5.1 (3) 1.6 £ 0.6
16h daylight . :
: GH 5.8 £ 0.8 (u) 0.7 £ 0.1
PRL ©18.8 # 7.6 (W) 4.8 = 0.8
gh daylight : . ‘
GH 26.3 £ 1.2 (W) 3.7 £ 0.1 S
PRL 35.4 = 7.7 (&) 4.5 = 0.4

a Values are means * SE of mean. Units are arbitrary where
+he colorimetric density of 1 pg of albumin stained with ’
fast green is equivalent to 20 units. ) N

b Percentage electrophoresable protein =
Band protein X 100
Total electrophoresed proteln
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DISCUSSION

-

~

The present study indicates that the Egnd with an
electrophoretic RE vélue df;U.HT is a form of Atlantic sal-
mon prolaétin. Tﬁis band was coﬁsistently present, DOS-
sessed Na-retaining activity in hypophysectomized killifish
and cross reacted significantly with anti-pollack prolactin.
The band consisted of a slow and a fast moving component.

I+ is not clear whether the RIA detectable PRL activity
in eluates .from gel segments not containiﬁg discrete bands
was the result of nonspecific cross-reactions or an indi-
cation of further forms)of the hormone. The existence of
mu%tiple fqrms of PRL énd GH is well established among
mammalian species a there is evidence that this multi-
plicity';f bands  extends to other tetrapods (Nicoil and
Nichols, 1971). Several cases of an apparent conversion
betweeﬁ bands have also been reported. Aggregation of 1351
human GE has been described in response to freezing and
thawing (Schwartz and Batt, 1973). Human GH has also been
foundnto exhibit a concentration dependent self-association
(Squire and Pederson, 1961). In addition, a variety of
poiymeric forms of PRL have been described in granule ex-
tracts from bovine pituitaries (La Bella et al., 1971) and
o _
in pure prolactins (Cheever and Lewis, 1869). More direct
evidence for this type of transformation was reported =after
alkaline extraction of piltuitaries from the blue shark,

Prionace glauca, (Lewis et al., 1972). This procedure re-
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sulted in %he PRL-like and Gﬁllike-protein bands showing /'\—//\
fast moéing.bomponenté. Yet all investigations on teleost
pituitary electrophoretograms have presented these hormonal
principles as.éingle bands (Knight et al., 19703 Chadwick,
19705 Ball and Ihgleton, 1973; Clarke, 1973a, b; Hattingh
and du Toit, 1873; Farmer gg.gl., 1875). ' Evidence fronm
the curvent study suggests that salmon prolactin exists in
the form of a two band complex and this can be considered
as presumptive evidence for the existence of multiple hor- '
mongl comnonengs in ;eleosts. : v

Some earlier electrophoretic studies on the Dltultarles

of Poecilia, Tilapia, and Cichlasoma have revealed two

distinct bands associated with this gland (Knight et 2al.,

119703 Ball and Ingleton, 18733 Claﬂke, 18732, b). As in

the present study, the band identified with the rostral

pars distalis has been attributed o prolactin. The éfher

major band has genefayiy'been assumed té be-attributable ) 'iil
to growth hormone (knight et al., 1§70; Chadwick, 1870;. Ball
and ingleton, 1973; Clarke, 1873a, b; Hattihghand du Toit,
1973). The currentlstudy suggests that the band with a
slightly variable electrophoretic mobility, found between
Rf 0.33 and}D L1, was salmon growth hormdne. Tn contrast

to the afg:ementloned studies this bé&@ was not- aiways very
discrete but ‘it was consistently associated with extracts
high in 5D content and was the single band present in the

only gel fraction that displayed a signifigant RIA detect-

able GH activity.
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The identification of PRL and GH as bands with Rf values

of 0.u5-0.48 and 0.33-0.41, respectively, follows.closely

the values obtained . for other species (Appendix, Table 2).

- :
~ -

In all the tel¢6sﬁs examined, except for Poecilia, éRL mi-
grates ahead oﬁteﬁ (at or about pH 8.6). This is also true
for ail tetfapéd prolactins with the exception gf human PRL
(Nicoll and Licht, 1871). - -
The bands with Rf values greater than 0.76 found in the
present study weré éssociateq with fragments consisting of
pars intermedia material and neurohypophyses and were there-
fare assumed to originate from one of these regions. The
lack of rat vasopressor activity in extracts from the cor-
responding gel segments suggests that these bands were not
VaASORressor principles. Preliminary work related to the
present stﬁdy has also revealed that a modification of
Wilhelmi's (1968) purificati;n technigque for canine GE,
based mginly on ammoniﬁm,sulfate fractionation, selects
the bands with Rf values of O.?ﬁ, 0.8% and 0.94: It is
therefore possible that fhese bands may have common pro-
perties. Unfortunately, sparse information is available
about teleost pituitary electrophéretogram components other
than prolactin and gfowth hormone. A fast moving band is
found in Clarke's (1973a) study on Tilapia and Cichlasoma
but the significance of this is not discussed. Hattingh
and du Toit (1973) found that the faster migrating bands

of the mudfish, Labeo umbratus, were associated with mela-

notropic, vasopressor a@ﬁ/SQytocic activities. Unfortunately

n

-~



pressin have also been found to mig

ithe expérimental conditions used or that a minimal amount

! . - .
+t+he Rf values of these bands were not 1nd1cated. The neuwro-

.DhYSlnS, a cystine- -rich group of Drotelns of the hybothalamo-

neurohypophyseal system assoclated h oxytocin and -vaso=

‘b

5]

3
- Y
and Burford, 1973). But it is unllkLﬁﬁlfét the &ast moving

Tea (Moens

-

bands found in the current study were neurophysins as they °

dld not exhibit the strong a¢f1n1tv for aldehyde fuchSﬁn

'

characteristic of these proteins. W

The band with an Rf of 0.68 found in pituitary exXtracts. -
appeared to be the same as that found at tﬁat Rf in serum
and brain extracts. It stained lightly with aldehyde fuchsin

or -the PAS method. - This suggests that the band was probably
. ' N-]

a

albumin. -

—

. I+ remains inde Lermlnawhethe*‘ other bands found l"'l ‘

the Atlantic saTmOﬁ elect“oohoretogran webresented howmonal

_prlnc1ples. Studles on mammalian pituitaries using a®simi-

lar PAGE system have indicated that neither ACTH, TSH, nor
LE yield discrete bands under these conditions, that is on

7.5% gels and at an alkaline pH.

A number of species such as paddlefish,.Polyodon spa-

-

thula, American catfishnJTeogtalurus neBulosus,»wh*te stur-
™)

geon, Acznenser t”ansmonuaﬁﬁs, bowfin, Amia caiva, aﬂd

chinook salmon, Cncorhvnchus tschawytscha did‘not show any
prominent bands after PAGE (Clarke, 1973z, b). This ab-
sence of banding in these species might suggest either a

failure of the peptides to migrate as discrete bands under

= .
-y v .
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" . of hormone was stored in the ﬁitﬁitapy. The{fikelihood of

_ the latter alternative appea%s to be suggested sy the abdb-
sence of sodium-retaining acfivity in the pituitary homo=-
genates of.these species, -

Much of the difficulty in charagterizing and pﬁrifying
teleost PRL and GH can be attridbuted.to the lack of suitable

assays. The pigeon crop sac stimulating assay has-never

N . cs ~, . . ‘ .
been foundi to vield positive results with any fish preoclactin

other than that from the lungfish, Protopterus, (Nicoll and
Bern, 1965, 1968). .However, Hattingh and ‘du Toit (1872)

reported some success using this assay on PRL from the mud-

fish, Labeo umbratus. Unfortunately, positive results with

the pigeon crop stimulating assay might be attributable to
: . ]
inflammation and leucccyte infiltration rather than To &
specific hormonal effect (Nicoll and Bern, 1968). An al-
+ternative assay which consists of a xanthophore dispersion
' . L - . : -
reaction followihg the injection of small amounts of prolac-

tin in the gecby, Gillichthys mirabilis has been used in

Lsevéral studiesr(Sagé and Bern, 1872). However, a recent
gtudy (Farmer et al., 1976) has suggestéd that the’yellow-
ing response characteri;tic of this assay may not be an
effect of prolactin since pufified fractions of the hormone
were ﬁnablg‘ta elicit the response. X
Prolactin has been shown to be the'only pitq}tary hor-
mone that has sodium-retaining ability in Poecilia (Ensor

and Ball, 1¢68a, b) and in Fundulus (Pickford et al., 1965)

and this forms the basis of a reliable: bioassay for this

—— -
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hormone. Bioassays based on the sodium-retaining activity
of teleost prolactin have been ‘used successfully by several
workers using hynouhysectomlved poec111a latipinna (Enscr ’

~——

and Ball, 1968a, b} and intact Tilapia mossamblca (Clarke,

1973b; Farmer et al., 1375). The latter assay, though i?
does avoid the trauma and difficult ty of a complicated hypo-
ph&gectomy, has the sevefe limitations of less predictable
" plasma Na—ievelé, and requires.relatiQelyllarge prolacfin
doses during priming and testing. This assay also relies
on an increase in sod}um levels coﬁpared to controls. By
'contrést, in the hypophysectomized Poecilis éssay, the ab-
sence of endqgenous prolactin reéults in a continuous loss
3K : .
of sodium and death unless prolactin is administered. This

assay yieids clear differences between the experimental

L™

—_—

groups. -7
0f the variocus possible bioéésays-fér prolactin thegi

hypéphyséctomized Fundulus assay was coﬁsidered tc be the

most practical for the pné;ent study. This &nimal-is readily

available on the Atléntic cost of north America and can ke

hyporhysectomized with ease by way of the opgrecular opening.

hynonhysectomlzed Fundulus survive WOnger in fresh water

than do,hypophysectgmlzed Poecilia. TFurthen, the deCﬁease

in plasma sodium levels is large and pr gd ictable (Ensor

and Ball, 1968a, b; Gr i- jth, 197L). But in spite of

their potential as standard bioassay animals, Fundulus had

nof previously been u this type of assay.

The biéa,

!
/

reéulqs“from the current study showed that
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t+he band with an Rf value of 0.4? was the only electropﬁo—¢

resable material from Atlantic salmon pituitaries with Na-

.

retaining activity. The response to a relative;y_small
amount of material also suggests that this ;c;;vity in
salmon pituitaries may be quite powerfﬁl. This-is signi-
ficant, since the functions of prolactin in salmon, a
fish that has yet fo be hypophysectcmized successfully,

remain uncertain (Olivereau, 1968}.
: ~

The advantages of PAGE in this type of study are evident.

Peptides can be separated and quantified or purified in two
steps. Ideal purification would be obtained from distinct
bands with a high relative mobility as this helps to eli-
minate the possibility of background contamination result-
ing from faster moving bands in the system. Where background
is a problem, the fraction of choice could be electropho-
resed before the electrophoretic elution is carried out.
Further, varicus histological stains may be applied to
control gels to aid in the identification of the bands.
There afe, however, seQeral shortébmings to this tech-
nique. Disc gel electrophoresisiis not an ideal technique
for the purification of large amounts of material. Further,
+the process of synthesis, storage and release of hormones
appears to involve changes in both the structure-and the
activity of the hormones and it is not clear which fraction
or portion of the total hormone ié'being de?ermined. Nicoll

(1872) has proposed a model to explain the "depletion”,

"pepletion" and release mechanisms operating in the, adeno-

T

e
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hypophysis. This model, based on studies of GH end PRL,
accounts for the existence qf at least two forms of the
intracellular hormones. One form is a storage form of low
molecular weight and the other is an aggregated or bound
{("macromolecular") form and shifts are possible between
+hese two forms. Nicell (1972) has further hypothesized
that the "large" form is the presecretory OIr precursor form
of the other. The suggestion is made that RIA detects
both forms whereas PAGE and biloassay detect'the small or
storage form only. But PAGEand bloassay are not always
in agreement_(Nicoll,.1932). 0f all these methods, only
PAGE appears to reflect depletion. AR obvious inconsistency
in Niecoll's model is the failure of bicassay to detect the
large or release form. Presumably, then, this form would
have to undefgo vet & further:change since the final cir-
"Euia{ing form might be expected To be bioassayable.

. Another model (Stachura and Frohman, 19¢7%) postulates
the existence of four distinct‘forms celled large, big,
small and llttle GH with an exchange beeweeﬁ the large
and small pools. BU; in this mecdel the swall form 1s the

-

one which is released. '_-

The above eroposed models underline the difficulty in
interpreting both gualitative and quantitative assay data
based cn extﬂacted pituitaries. The described evidence
SUggests *hatPAG;*eFlects onWy the D“e sec“eto“y or s;o“age
pool of the hormones. Theérefore, it would appe th t if

this pool'is.replefed.as release occurs,_any‘detectable
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increase in the pool would reflect an increase in the pool
size rather than an incréased rate of secretion. '
The current data suggest that photoperiod affects the
PAGE detectable leveis of PRL and GH. In fish acclimated
te 12h daylight periods, GH levels changed more markedly -
after a 4h increase in light exposure and PRL responded‘
rhe most to a U4h decrease. In genéral, more GH was stored
under the 8 and 12h light regimens than under the 16h one.
Prolactin alsc showed an increase with the short daylight
regimen but the response to reduced light appearéé to be
much smaller when compared to thdt shown by GE. Photo-
period effects on these hormenes are discussed further in

the following section.

e
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SECTION IV

SOME EFFECTS OF PHOTOPERIOD ON PLASMA IONiC,LEVELS
AND GROWTH OF ATLANTIC SALMON

0
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' aiNTRODUCTION

Pre-adaptation to seawater and lower condition factors
are characteristic of smoltification in salmonids (Hoar,
1839; Malikova, 1957; Pinder and Eales, 1969; Saunders and
Henderson, 1870; Wagnef, 197ka). As this pfe—adaptation_
involves the.development of hypoosmoregulatory mechanisms
éuch as an increased specific activity of gill Na-K-ATPase
(Wagner, 1974a), i€ géemed re§50nable +o expect changes in
ionic composition during smoltification. EHouston (1960)
found that at the time of smoltification, Atlantic salmon
showed a sharp decrease in plasma C;f while in fresh water.
Méreover, differences in ion levels-between parr and smolts
have been reported (antaine, 1951; Parry, 1860, 1961;
Houston and Threadgold, 1883; Fontline gi‘gg., 1869).
Bu? neither the changés in plasma icn levelé in smolting
salmon nor the effect of photoperiod on these parameters
appears to have been studied in great detail. Most of the
previous studies involving photopericd manipulation of the
parr-smolt transformation have dealt with the ability of
the fish to regulate Nat and €17 upon transfer to seawater
at different times of the year (Koch, 186B8; Wagﬁe;: 197u4b).

Growth appears to pléy an important role in the pre-
adaptation to seawater of salmonids. Salinity tolerance
and ~he ability to regulate ions increase with size (Parry,
1958, 1956; Conte and Wagner, 1965) and this occurs in the

absence of elevated gill Na-X-ATPase levels (Wagner, 187tb)

-
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Wagner (1974) suggested that this development indicated

the presence of an endogenous cycle in S. gairdneri which
was unaffected by a variety of phofoperiod regimens in-
cluding constant daylight aéd constant darkness. This lack
of a photoperiod effect is éurprising since photoperiod was
previcusly feound to influence ‘growth in Atlantic salmon
(Saunders and Henderscn, 1970). It appears therefore that
the effeét of photoperiod on the relationship between growth
and ionic regulation deéerves'further investigation.

The stimulatory effects of long daily light perieds in
winter on growth and smoltification of Atlantic salmon have
peen discussed earlier in this thesis. In general, it was
established that exposure to longer daylight periods during
the winter was associated with an increase in growth, the
development of salinity tolerance and & decline in the con-

.dition factor.

BRased on a study of the effects of daily light exposure

on, the growth of green sunfish, Lepomis cvanellus, Gross
et al. (1965) suggested that growth was more powerfully
stimulated by increasing daily light exposure than by
constant 16h daylight periods. Pyle (1967) repcrted that
over a 9% week pericd brook trout, Salvelinus fontinalis,

<

kept under constant daylight grew more than they did under

a simulated natural photoperiod or when held in total dark-
ness. No published information exists in the literature on
the effects of constant daylight on the growth of Atlantic

salmon. This is unfortunate since such a regimen appears
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useful for studying the limitations of photoperiod mani-

pulation and the possible existence of endogenous cycles

in the physid;ogy of the salmon. . ‘ -
The aims of-tﬁis study were to observe the effects of

constant daylight on growth and -smoltification of Atlantic

‘salmon parr and to compare +hese effects with those obtaingd

under natural and *eczn*ocal photoperiods as:were used in

an earlier sectlon. Changeg in Dltultarv hormone producing
cells were monitored histologically and the hormonal levels
were measured by polyacrylamide disc gel elec;ronhoreSLS.

- . . + - Z+
Further, an analysis of plasma Na , X', C1l , and Ca was

carwled out on fish of the different experimental groups.

-
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MATERTALS AND METHODS

Atlantic salmon parr, aged l+, of approximately 28cm
in 1gngth were brought to the St. Andreﬁs Biological Sta-
tion from the Cobequid Fish Cuiture Sfation, Nova Scotia,
on December 21, 1973. The fish were placed in freshwater
- in the same holding facilities described in'an earlier'
section (Section I, Materials and Metheds). The fish were
divided into three groups of 275 fish each. The water
temperature was ﬁradually raised to 10°C as described pre-
viously. On December 27th the fish were placed under K
different experimental regimens consisting of a simulated .
natural pbotopériod, the reciprocal photoperiod described
earlier and a conétant daylight regimen. Fish were fed L
E_wos pellet food 4P and 5P (Ewos, AB.) to satiation three ‘
times daily. ’

Morphometric deteréfnations_and sampling were carried
out every three weeks on a&i fish. Eighteen fish from each
group were_kil%ed on the sampling dates by a swift blow on
+he head. Tails were cut off the first twelve fish and
blood from the caudal artery was collected in hepa;inized
(ammd;ium heéarinq Sherwood) centrifuge tubes. The blood
samples were immediately centrifuged at 550g for 10 min.

. . -ngC
The plasma was removed and stored in glass vials at -25°C

I

for ion analysis. The pituitaries from the first six fish
fprom each group were removed and fixed in Bouin's fixative

for histological study. The pituitaries from the remaining
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twelve flSh from each group were removed blotted “with
filter paper and quickly frozen at -35 ©°C. Thé frozen
pituitaries were later freeze dried and stored in a vacuunm

at -35°C until analyzed by electrophoresis.

Histoleogical Procedures N

All tissues were processed as described in Section I.

The tissue sections, % um in thickness, were stained by the

-

PAS-0G-hematoxylin method for cellular differentiation and

with methyl green-pyronin for RNA demonstration.

Plasmz Ion Anégusis

Plasma Cl- was measured usi ing a Buchler Cotlove auto-
matic éhloride titrator (model L-2000, Buchle;'Instruments
Tne.). Aliquots of plasma were diluted with aT:;“;;;;génum
chloride for the analysis of Na, K and Ca by flame emission
soectronho;ometﬂy on a Jarell-ash (Fisher Scientific) ab-

sorption-emission spectrophctometer. Duplicate samnles were

analyzed where possible.

Disc Electrophoretic Quantitation

Freeze dried pituitary samples were. pooled in batches
of four where possible and were gréund 3 a fin® powder.
This powder was dissolved and electr ODHO“esed by the met hoas
described in Section III. Electrophoresis was carried out

L]

in 8.0cm X O.%em gels. All gels were stained with 1% fast

green in 79 acetic acid for 16 hours and destained in several

changes of 7% acetic acid. Gels which had been stained in

L4

q
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Fast Green tended to changé~colour from green to blue within
a week or two. This was preventég\By st&ging them in indi—?
vidual vials filled with 7% acetic acid in a dark cool placé.
Scanning densitometry was performed as described earlief.

The quantification of protein per band was carried out by“d;/,
scanning densitometry using bovine albumim standards,, These
standards ranging from 1-2 uwg (Bovine albumin, Fracticon V,
Sigma Chemical Co.) were electrorhoresed on inaividual gels

included in every experimental run.

TN

‘

\
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RESULTS

Effect of'Photonefiod on Growth and bondition Factor

-

Salmon exposed to constant daylight (LL) grew faster
<han fish from the reciprocal (R®) or natural photoperiod
(NP) regimeﬁs (Fig. 1 and 2) and were significantly ionger
(P < 0.01) than both of these groups by early Maréh (Fig.
é). Peak growth rates were recordeh in all groups of

fish during the interval between January and April-and

An June. _Growth rates of the RP fish decreased during
April and‘all:gfoups showed deereased growth in May (Fig.
'1y. But by the end of the exg'eriﬁxént +he NP fish had ap-
proximatéd the RP fish in length. At this time, however,

+he LL fish remained significantly longer and heavier

(P < 0.01)-than the fish from either of the other groups

—n

(Fig. 3 and 4). . “

Condition factors started to decline following expo=
sure of the fish to longer light periods (Fig. 5). This
occured immediately following exposure in the LL and RP°
fish. The condition factor of the NP £igh did not-decline
until the daylight\;eriod had increased to aboﬁt-th. The -
decline in conditioﬂ\factors coincided with the develop-
ment of siivering, blackened fin margins and behavioural
traits characteristic of smolts such as schooling behavicur

and a decrease in aggressive behaviour.

|
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Figure 1

Instantaneous growth rates in length of Atlantic salmon

=}

regimens at different times of the

-

%

year.

2

-

under natural, reciprocal and constant daylight photopericed
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Figure 2

Instantaneous growth rates in weight of Atlantic salmon

under natural, reciprocal and constant daylight photo-

LAY

period regimens at different times of the year.
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of Atlantic salmon under natural, reciprocal

Mean lengths
daylight photoperiod regimens at different

and constant

A2
the vear (99% confidence intervals for the means

times of
are indicated).
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Figure 5 . e,

Mean condition factor of Atlantic salmeon under natural,

reciprocal and constant daylight photoperiod regimens at

different times of the year. L

Condition factor = 100.¥W
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Effects of Photoperiod on Adenohvoophyseal Cvtology

Fish exposed to l12hor more of light per day had a notice-
able hypertrophy and hyperplasia of their GH cells. These
cells also demonstrated an increased pyroninophilia: A
mo&era e stimulation of prolactin,‘adrenocofticotropic and
pars intermedia célls was also evident under the same coh- .
-
ditions. Continuous light elicited a more marked activation
of all of these cells and particularly of the GE cells (Fig.
§-9). The number of Qﬁ cells in the LL group was increased
in February, and was about doubie that found.in the NP group
a2t +he same time. In some instances the GH cells occupied
as much as four-fiifths of +he adenchypophysis comparéd to
the quaﬁter or third seen in NP animals. Mitotic figures ‘
in the pituitaries of LL £ish were numerous in all the cell
types-that were judged tc be-hyperactive. Severzl orange-G
sve cells which closggx regembled GE cells but were polygo-
_ = .
nal in shape, instead of the elliptical form characteristic ’
of sopatotrops, were found invading the pars intermedia of

rolactin cells of

(2l

LL fish in April. At the same time the

'

+hese fish exhibited\gxtensive vacuclation (Fig. ¢). Three

weeks later the activated cells had all become less ctive

and GH cells now occupied only about & +hird of the adenc-
hypophyseal sectional area.

N,

n pyroninophilia was observed in tX

s

A slight increase
GH and PRL cells of LL fish in June. This increase was less

evident in PRL and GH cells of the RP fish. The activation
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Figure 6

Proximal pars distalis from atlantic salmon éfter 6 weeks
exposure to continuous iilumination starting in mid-December.
Note increase.iﬁ somatotrops (dark grey cells) compéred to
those in Fig. 7 below. Arrow indicates somatotrop in mito-

sisy NE, neurohypophysis. PAS-hematoxylin-0G. X32C.-.

Figure 7

Proximal pars distalis from Atlantic salmon after 6§ weeks
»

exposure to a reciprocal photoperiod regimen starting in

mid-December. NHE, neurchypophysis. PAS-hemayoxylin—OG.

X320. | /






-Figure 8

Rostral pars distalis from Atlantic salmon after § weeks
~exposure 1o continuous illumination. Arrows jndicate
ACTH cells in mitosis; rbe, red blood cell, NH, Reuro-

hypophysis. PAS-hematoxylin-0G. X320.

- ~

\

vy

igure 9

Follicular region of rostral pars-distalis from Atlantic
salmon after 4 months exposure to continuous illumination.
rrow indicates mitotic figure. Note vacuolation in pro-

lactin cells. PAS-hematoxylin-0G. X8GO.
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in both groups decreased gfaﬁually towards the end of the

,experiment. No increase in pituitary cell activity was

>

obsér&edﬂin NP fish until Maylwhen a ﬁgéerate stimulation
of. GH, PRL, ACTH and pars intermedia cells occurred,

Wlth the. exception of the GH cells in the Drowlmal
pars distalis which meintained sparse but definite orange-
ODhlllC franulatlon most mltotlc cells degranulated Tom-.
Dletely and were difficult to characteriz e. . Several of

the mitotic cells in the rovstral pars distalis of LL fish

were tentatively identified as thyrotrops on the bdasis

of their location.
During December and January several parr in all groups
showed distinct PAS +ve cells in the PPD. Gross anatomical

.-

lnSDectlon of the a,bdomlna1 cavity of these .animals reveal-

] ed the'presence of mature gonads or the pinkish coloured

-

gonads characteristic of the regressing or reabsorbing sex

organs in Lhe salmon. - In January, the PAS rve cell types

were less numerous and they alsauneaﬂed comnle;ely by

\\\\\Eebruary. At that time, this portion of the PPD region

%ppeared devoid of cells (Fig; 10 and 11). Subsequentlj,
the void appeared to be filled by orange-G+ve ce}is in the .
faster growing gréﬁps of fish. Howévef,‘ghromophobes pre-
domlnated in the area until June in fish under the - natural
Dhogonerlod reglmen. Tbe dlsaopeaﬁance of the PAS+ve cell
tyDe always appeared to Drecede any not lceable'ingrease in

the GH cell populatlon.



-97-

_fPigure lb
Mid-sagittal section through pituitary of Atlantic salmon
pérﬁ. Note spaces left by disappearance of PAS+ve gona-
i .

dotybp% in -the proximal pars distalis. PAS-hematoxylin-0G.

g

Figure 11
- [
Enlarged portion of proximal pars distalis in preceding

figure. PASsve cells are gonadotrdéps and Orange-G+ve

cells are somatotrops. PAS-hematoxylin-0G.

(
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Effect of Different Photopericds on Disc-Gel Electrophoresable

PRL and GH

pituitaries from rapidly growing fish yielded few defi-
nite peaks on their electrophoretograms whereas those from
slow growing fish showed erratic but definite banding.

The NP fish yielded definite peaks for GH and PRL bet-
ween January and March. Taint bands or none were seen
+hereafter. The LL fish pituitarieghonly vielded consist-
ent banding after Aﬁril, when the putative PRL and GH
fpactions appeared as sizgable, well defined peaks. The
disc electrophoretic patterns of pituitaries from RP fish
pituitaries‘was similar to that of the LL cnes except that

GH banding was much less intense. .

Effect of Photoperiod on Blood Electrolvtes

Plasma levels of Na', X%, C1 and ca’* all exhibited

cycles. These cycles did not appear +c be seasonal or Eo

be related TO photoperiéd (Fig. 12-15). Basic similarities
épbeared +o exist for any one ion in all three experimental
groups. bBut the phases of the cycles of différent ions were
not synchronous. For example, the Caz* levels of post-
smolts rose sharply in June and July but at +he same time
their Cl~ levels decreased. In general, chggges in the
photopericd caused only slight shifts in the temporal se-
quence of the ¢cycles or altered the amplitude of the fluctua-
ticns. However, exposure of the fish to constant light

jrtually abolished the eycling of plasma cl .
~
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Figure 12

Plasma sodium concemtrations of Atlantic salmon under
natural, reciprocal and constant daylight photopericd

. < - - .
regimens, at 10°C, at different times of the year; polnts

I+

are means SE, (N2 7).
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Figure 13

Plasma potassium concentrations of

Atlantic salmon under

natural, reciprocal and constant daylight photoperiod

. o . - - .
regimens, at 10°C, at different times of the year; points

are means -+ Sg. (N =2 7).
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- EFigure 14

Plasma calcium concentrations of Atlantic salmon under
natural, reciprocal and constant daylight photoperiod

. Q . - -
regimens, at 10°C, at different times of the wyear; points

are mdans = SE. (N 2 7).

’
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' Figure 15 .

Plasma chlaride concentrations of Atlantic salmon under

natural, reciprocal and censtant daylight photoperiod

. (@} - - . T
regimens, at 10°C, at different times of the year; points

- are means * SE. (N > 7).
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DISCUSSION

-

The results of this study concernlng the DhOtODE“lDdlC

effects on grthh corrobora%e_sln11a“ 'ork‘dlscussed in
/
section I. In- sho“t longe” davllght perlods in December

stimulated g”owth and resulted in an ea“lle“ smol*lFlcatlon.

L] - Te ea T

Conconlganuly, varlcus Dluulta”y cell +ypes which can be im-
‘.n

plicateéd in LHe warlous aspects ‘of the processes . .at g*ow*h

and smoltification were stimulated. The DhOtODe“lOdlC

ffects cbserved in the RP group appeared maximiz ed in the

in

LL group. Nevertheless, the results suggest thé&'the duration
of pituitary activation produced'bf continuous light is limi-
+ed and that the magﬁ*tuce of this activation occurs at the
expense of the duraticn of the effect. Indeed, the subseguent
regressioﬁ of stimulated GE cells occured more precipitously
ané somewhat earlier in the LL groupxthan'in +he RP group.
These data alsc indicate that % basic biological
_rbyi%h exists in-the growth patTerns of +the salmon that can-
‘npt be permanently blocked even by;the effects of continuous
daylight: Signs of such a pattern alsc appeared in Section I.
It was generally found that, although Dhouoaerlod influenced
growth rates, & number of peaks @qd decreases in the rates
occurred that could not be related to photoperiod. for e#am—
ple, growth rates uéﬁélly increased in January, March and
June whereas a decrease was found in May. Similar observa-

+ions and a failure to find a primary relation between growth

rates of brown trout, Salmo trutta, and ‘environmental variables

-




were previously reported by Swift (1955).

' ﬁn extended period of increasing daylight does not
seem to be necessary to stdmulate growth. In the present
study growth was stimulated during congtant light conditipns
in the LL group, and tﬁé growth rates of the RP fish exposed
to long daylight periods in December ccontinued to increasea
even as daylight exposure was decreasing. This is in con-
trast with Wagner's (197%) suggestions that in steelhead

.

trout, Salmo gairdneri, the rate of increase in daylight X\

pericd length rather than the qccumulatéd dayliéht hours

acted as a cue. However, Wagner's experiment dealt with the

photoperiodic manipulation of migrati rowth data
were not presented. It is +herefoge not clear whether the

+two species respend differentls

to photoperiod or whether

’ . . 'y . e .
growth and migratlon are affected in two different ways.
That is, migration may respond\ to an increasing daylight
periocd whereas grewth may be mor sensitive to the total

light received. ;
The histologiéal observations in the present study

are in close agreement with those made in Section I. Light,

or shorter dark periods, appeared to stimulate GH, PRL,

ACTH and. pars intermedia cells. The preseﬁce of mitotic

figures in the pituitaries of salmon has previously (0livereau,

"1969) been described as an index of activity. O0Olivereau (1969}

P

rermed the occurrence of two or more of the figures D&Y histolo- ,

gical sectlon as an index of high activity. Since mitotic
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.flgures were observed infrequently throughout the current

I3

work , thelr abundance in the. LL fﬂsh D1t4§iar1es was deemed -

-

-lndlcatlve of strong Dltultary-stlmulatlon. In’ "Spite ox the
high apparent act1v1ty of cells other than GH cells, the

volume of the pituitary OCCUDled by GH- cells increased “the

N

-most. Further, thls occured Dantlv at the e\Dense of othen
cell tynes and mainly. those of the Dans intermedia. Howeve

lt 1s not llkely that *he ce‘lular,uunnover rate of the pars

-

lnternedla cells was greauly enhanced because: no SLgns of -

cellulanfdebrls were found in the &area. Thisfié an obvious

-

incorsistency. An alternatlve pOSSlblllty is that not all

F<i

of the cell types in this region were .stimulated... Due to-

-

the uncentalnty of cell type identity in this area {(Section I)

this possibility was not lnvestigated in detail.

- It 1s notewofthy t_h‘_atAGH cells were not f_ound tc be ‘
sulmulated before the PAS tve cells found in ‘the PPD, pre- i
sumed to be gonadotrons, h&ﬂﬁregressed or disappeared aT-

together. This finding does not necessarily lmnlv a nutuallx

exclusive situation. Yet, it must be con51dered in light oFs

P .

reports that sexual maturation co;nc*des wieh.nériods of slow
ggzwth‘ln various sneczes of teleosts (Atz, 1957).

It is’ DOSSlble that the vacuolatlon observed in PRL
cells o; the LL fish which occmTed Lowards the end of their . -
strong actlvatlon was related to: -this stlmuTatlon. The signi-
'ficance of the appearance of the larger and more irregularly .

shaned orange-G+ve cells irf the pars intermedia is not apparent.

‘I+ sgems -likely that they represented GH producing cells.

-
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Somatotroos in other species have been founﬁ to assume irre-

gular shapes as a conseouence of lncreased granulation

(Ball and Baker, .1968). This would appear as a possible~

explanation since GH cells from nltultarles of rapidly’

gréwing fish were heavily grahulated. ' f\/{>

ks

The absence of detectable fraculons of DRL aﬂd GH

from fish pituitari ies which aDDea“ed h;ghly active on histolo-

gical examination might indicate a rapid turnover and little

storage of these fractions. Whether these fractions repre-

-,
sent the active forms of the hormones or sheort lived pre-

Y

cursor forms remains uncertain. Previous results (Sect101 I11I)

suggested that the PRL band with‘Rf = 0.47 displayed the
sodium retaining éctivity ;haraéteristic of +the hormcne.

But the presence of other types o? bioleogical activity in
the eWectroohofetie'fractions has not yet been studied. It
15 no;ewo**hyﬁthat "the hﬂsuologlcally active pituitafies
from the LL and RP groups in February and March vielded more
Dromlnent PRL and GH bands in April, when their histological

ctivity was decreased, thaﬁ did the equally little stimulated

u

pituitaries from +he NP group earlier in the year (Appendix,
; = _
Table 3). This may be iﬁterpreted as an increase in the size
of %he PAGE detectable.- DOOl, in the fast growing fish, without
concomitant storage. That is, an increased siorage cabac;;y
would then be created leading to a larger detectable pool

of the hormone when gﬂoth was pveduced. ® But this problem is

complicated by the fact that fish oF sllghtly different sizes

‘were compared at different times of the year. _ .
: e

-
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I+ is obvious that many other Darameters must be

J

studled befoge the applications of disc gel-electrovho-_ }
resis may be fully exploited. This technique Dﬂesents

some-problemS‘ih direct quantitation ¢f pituitary peptl- .-

-

des, but 1t may prove to be a useful ;obl For‘ studying

hormone depletion. In fact, Ball and Ingleton (1973)

[

and Clarke .(1873a) reported a decrease i:zPAGE'detectable

prolactin of several species of +elecsts upon transier

from seawater to fresh water. These reports. and- the cub--
,rent work support +the existence of an inverse relaticonship

between release of the hormone and its content in the

pituitary.

‘The blood analysis data from this study,is'higﬁly
e .
intriguing. The e\*stence of & rbvuhr in b1OOd ¢evels

of Na*,‘K+, Ca2+, or C1~ in fresh water salnon Has not
been described before. Howeﬁer, Wagner (197ua5 descvlbed

seasonal changes in tolerance o seawater in Salmo.gaird-

neri. This speciles develops salinity tolerance. at the

—
rl -

time'of-mig?ation tut aldo has a greater ability to .
fegulate Na* and Cl™ at otﬁér +imes of the year.. in an
_earlier study, Conte and Wagner (19685) made S”ﬂlla“ cb- .
servations on S. neri. These workers suggested thau’
"two smoltl;i ations" appeared to take Dlace durﬂng the
£ipgt five months of the year. It is not known qﬁether
*gill Na=K-ATPase develops during this first increase'in.
.

salinity -tolerance. ‘But a study on S. gairdneri Dy Adams
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et al. (1973) would suggest that,.at 10°C, gill Na—K-ATPase
act1v1ty increases early in the year decreases sharply in
May, end rises again thereafter. Unfortunately, this study
was reoonted to have been plagued by disease which also

neceSSLLaLed formalin treatment of the animals-

A sharo decrease in plasma_Cl_ attributed to an imba-

lance in osmoregulatory function during s oltification of

S. salar has Seerr described by Houston (18 y.© However
Koch (1968) suggestee that the Aecrease reported by Housten
(1860) had been exaggerated bv +he use of an unusual scale
in ‘the presentaeﬂon of the data, but noted that changes in
tissde'chleride and water have also been described during
amoltification of salmonids. However, Saunders and Hender-

son (1970) found no change in D1a5ﬂa C1” of smoltifying

Atlantﬂc salmop. Most otbeﬂ seudles have only compared

-

1on1c levels betmeen the Dlaswa of parr and smolts. Parry

(1961) found that duﬂlng the freshwater ohasepAtlan ic sal-

mon | smolts had hi gher plasma Na and lower CDb,levels than

e

- . Z
did the parr. Fontaine et ".1. (1969) noted a drop in Ca *

duriné smoltification of .Atla ntic salmon. It 1is interesting
+hat in the latter stuéy adults showed much higher plasma
Ca2+ levels in April than in December.

. Continuous daylight zeemed tc have & marked effect on
all four ions. It is &lso +o be noted that the cycles of
the different ions studied were not in phase. For examrple,
in March,‘the high nat 1levels found in all groups coincided

£ . -’. i " .
with low kT whereas in May and June both Na and X were at

a peak.
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It is tempting to suggest & relation between the drop
seen in this study in plasma Na* in NP fish i$ April with
‘an increase in gill Na'-x*-ATPase reported to\beeﬁf'during
smoltification in salmonids (Zaugg and Wagner, 1973). But
other work (Xamiya, 1972) suggests that the pump does not
activate in fresh-water. Thdeed, the activation of a power-
ful Na¥ extrusion mechahism in fresh water could lead té‘a
sodium depletion and thils might operate so &s to stimulate
a preference for saline;media. Unfortunately, there 1s
rocof for the wéistence of such a situation.

/'

The similarity of the instantanecus growth patterns

little

e

for weight and these of the jonic cycles might De indicative

of growth related changes or a redistribution of bedy compart-

‘_h

ment coemponents. In [this respect it is p?obably significant
‘that a'decréése in thiocyanate and Na¥ spaces have been de-
monstrated during periods Qf rapid growth of humans and
avians (Fellers et al., 1949; Barlow and Manery, 18543
Medway and Kare, 18 =D Comparison of Ionic and growth cy-
cles in the present study indicate major similarities if'
j

phase and period between the two before May but not thepe-

after. Turthermore, rhe condition factors do not SUggfst

b

important changes in +he relations of body dimensions that
can be correlated with +he ion cycles at any +ime. No con-
sistent behaviour of any of the four ions could be noticed
at smoltificafion when taking the condition factor as an

indicator of the transformation. Hoar (1838) found that

condition factors of salmon declined sharply at the time of
’ {
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%

smoltification. But in the present étudy neither the begin—

ning of the decline of the condition factors nor their ;o@est

levels appeared to be rela%ed to a sﬁecific stage of an ionic

cycle. i
The rise in plaéha Caz* levels observed in all groups

in June and Juiy and the concomitant decline in Cl~ levels

were only slightly mere pronounced in animals that had smolted

befqore the NP group. This appears TO indicate some modifying

effect. of photoperiod on +he cycles of the ions studied.
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(Hoar, 19653 Saunders and Henderson, 1870).

- The currvent study indicates +that growth
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Photoperiod has been shown to be effective in control-
ling the growth rate of various speciles of teleosts (Gross

et el., 1965; Sdunders and Henderson, 1970).. It has also
beén_shown +o exert an effect %ia the pituitary gland inA
ionic regulation (Lam; 1965) and to markedly affect the
cytoiggy of the pituitary gland (Rasquin and Rosenblcom,
1954). A similar action of light has been'pfoposed in the
regulation of the parr-smolt +ransformation which involves
changes in osmoregulatory functien and the process.of growt

-

Photoperiod was found to affect growth in Salmo salar

smolts (Saunders and Henderson, 1370), and to accelerate
smoltification, as judged by & downstream movement of the

fish, in Salmo gairdneri (Wagner, 1974) and, in this study,

to influence growth and smoltification of Salmo salar parr.

In the'present'study, the actions of photoperiod were paral-
leled at the cytological level by an activation of the GE
cells as light periods became longer and growth rates in-
creased. A lesser, but nevertheless noticeable activation
of PRL, ACTH and pars intermedia cells indicated that the
pituitary might mediate other photopericd controlled para-

meters cf smoltificatlion in addition to growth.

o

s probably
under the principal infiuence of growth hormone since the .
rapid growth phase which occurs under long daylight periods

could be mimicked by exogenous porcine GH administration.

)
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It is,_however, diffiéult to interpret increases in growth
rates which occurred during summer menths in fish held under
short daylight periods and whose GH cells did not appear
active on histelogical inspection. It is-possible that
other factors were responsible for these results. For ex-
'ample,‘the thyroid appears to poOsSsess an endogenous cycle

in salmonids with one peak early in the yeaf and a larger
peak in summer (Eales, 1965%). Thyrcid hormone has‘grogth
proﬁoting activity in mammals (Raben, 1873) and_in.fishes
(Pickford, 1857). Moreover, since increases in growth}rates
in Swift's (1955) study and’in'ﬁhe present one ocﬁﬂ;;é at
times of the year when thyroié activity might also be ex-
pected to increase, part cf the seasonal growth pattern could
be attributable to the action of thyreid hormone.

The occurrence of a significant stimulaticn of GH cells
at the onset of smoltification ané‘the promotion of growth
by GH therapy in the current study might be indicative of
important roles for GH in the metaﬁorphosis. Moreover, the
effects of GHE therapy were elicited under conditions that
were not consistent with high levels of production of any
of +the pituitary hormones {Section II). Therefoée, if the
presence of important quantities of contaminants in ‘the GE
préparafion used in this experiment can be ruled out, the

Fey

results would suggest that a variety of effects previously

attributed to ch&g sz2lmon hormones might actually be elicited

1

-

by porcine GH. Briefly, porcine GH therapy elicited pigment-

ary responses and promoted salinity tolerance. These actions



obviously‘warwant further ifivestigation.

It also remains to be establlshed whether the induction

of growth and sallnlty tolerance by Dhotooerwod manipulation

8]
+3

by hormone therapy is possible at times off the year other

«than those at which the present StLdlES weredconducted.
Certainly, the work by Saunde“s and “Q?de“son (19/0) sug-
\\gssts that growth.manipulatlon by photooe“1od in salmon is

aiso possible in ﬁarch. HZowever, it must.be considered that
maximum grewth stimulation resulting from artificial long'
light periods will probably be ob+tained when the natural
_growth rafe is low. This situation was found teo occur more
3 >
than oncel\a year (Section V).
"I+ is\probably significant that links between grdwth
and the acquisition of salinity tolerance-have been reported
in the 1itepature. fElson (1857) suggested that the attain-
ment of 1l0em in length by the fish may be necessary for
smoltification to occur. However, genetic factors may under-
lie this qualification. Observatiqns concerning groéﬁh
regulation afe of even more importance in the light of
findings +hat faster growing salmon migrate earlier as
smélts than slow gwow1ng ones (Pyefinch, 1955; Parry, 1988).
Trom these studies the rate of growth would appear to be
more important in smoltification than the attainment of a
specific size.
Houstén (1561) stressed the importance of the changes

in gill area 1o body surface ratio that accompany growth.

He argued that a decrease in this ratio might favour survival
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in seawater. Fgrther,fJohnson (1973) speculated that GH
may increase the differentiation rate gf chloride cells.

If this were demonstrated one might also sutmise tﬁe exist-
ence of a Darallel .increase in gill Na- K—ATDase act1v1ty
however, the current studv dld net 1nd1cate size as belng

-

of primary importance. Indeed the timing oF_smoltlflcatlon

.was more dependent on the type of photoperiod ‘regimen than

on +he size of the fish. L .
The- state of activation of prolactin cells has pre-
vmously been shown t¢ be sejsOﬁal and stimulated by long °

daylight pericd regimens, in the stickleback, Gastercsteus

caculeatus (Lam and Hear, 1967; Lam and Leatherland, 1869J.

On the basis of prolaetin cell activation during long day—
light eeriods, the ttesent investigation suggests that 2
similar'situation may exist in the Atlantic salmon.

The current work also indicates the presence of soeium
retaining activity in Atlantic salmon prolactin and this
is in agreement with D“EVlouS 'reports of this activity in
the prolactin from other species (Ball, 19869). It also
reinforces the—hypothesis that prolactin may be & fresh water
hormone in salmonids (dlivereau, 1969). If t?is'is-the case,
then the jnereased. production of prolactin prior tc and at
the +time of the catadromous migration, &as demonstrated Dy
+he current study, becomes difficult to explain. But posS-—

sible roles for prolactin in maintaining the activity of

/

Na-K-ATPase at a minimum in fresh water (Kamiya, 1972) and in fat
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mobilization (de Vlaming et g&.; 1974) have been suggested
in_otﬁgr species. These roles Qduld appear as important Y
in the physiology of the smolting salmon as they would
constifute means for.preventing or lessening the osmo-
regulatory and energetic challenges inherent in the cata-
dromous migration. 'The possibility.that-salmonid pro-
lactins might shéfg such funetions is underscored by the
fiﬁdiﬁgs that prolactin cells of eels (Hanke et al.,
1869) and salménidé tOlivereaq, 1969) become.inhibifed a
féw da;s aftér transfer from fresh to seawater. Similar
findings have been madé usiﬂg in vitro expeéiments:on sal-
mpnié prolactin cells (Ingleton et al., 1973). Thus,

migration itself might result in at leas

cr

g Temporary
reduction in prelactin secretion.

The preseﬂt study éuggests ghét sz decrease in pituitary
activity might occur follewing smeltificatien after the
salmon has miéréted_seawafd.and as a resuit of, shortening
daylight periods. Since no work is available this
stage of the Atlantic salmen's life cycle it is\not known
if such a decrease might actuall§'oécuf. But.g wth pat-
+erns of salmon at sea (Allen et al., 1972) appear to be

r

similar tc those found in fresh water. Thus, the effects

.'!:-,‘

of photoperiod may be similar in both media. However, the
effect of seawater On pituitary hormones other than pro-
1actin is not known. The néed for further work in this

area is underscored Dby observations that the transfer of
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salmon from fresh water to seawater results in an increased

utilization of GH (B.A. McKeo®h cited in Chester Jones,

T 197%) .
——— . )
Theé use of histology as -a tecol for assessing pituitary

£function in teleosts is well established (Ball, 1969) and

gpr prolactin cells it has been found to agree with results

-

obtained by various .assays fBall and Ingleton, 19735 Ingle-

ton et al., 1873). Furthermore, responses to changes in

environmental salinity are readily,detec%able.in prolactin
cells at the light microscopic level (Na;thElj et al., 1971,
Schreibman et al., 1973). It is possible that the appeerf
ance ¢f the pituitarf gland may vary somewhat within &

few hours, as 2 result\bf circadian rhythms or otherwise

. (Leatherland, personal comnunﬂcatlon) However, well

defined changes such as & pronounced hypertrophy, hyper=
m .

‘plasia or the presence of mitotic figures, &s were found

the current study, are usually considered to be signs

of increased cellular activity (Clivereau, 1969) and are

Jess likely to vary over short pericds of rime (Olivereau,

personal communication). Less cewtaﬁn;y can be attached

to the interpretation cf the cegree of granulatio n present
ﬂn a oanem\‘lar ce11 type as 2 measure of hormonal release.

Thﬂs is 111ustr3ted by the lack of degranulation.found'in

t

+he present study in GH qel_s of rapidly growing fish

-

subjected to long daylight‘periods. This appeared O
contradict the flndﬂng that these same £ish showed llttle
or no PAGE detectable GH If it is assumed that graﬂula—

Qb tion reflects hormone StTOTage (Ball, 1969) thlS would
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imply that the granules visible in GH cells of Atlantic
salmon contaﬂn a form of the hormone which- is not de-

tectable by PAGE, DOSSlbly a orecursor form. -

) The findings‘in the current study.suggest that disc
gel eiectrophore51s might be a Dotentﬁal tool for medsuring
deoletlon, or deoletlon and release, of hormones in Atlan-
zic salmon. This corroborates earlier findings in other

s

spedies (Ball and Ingleton, 19733 Clarke, 1973a). The
indication is that the pitult ary content of PAGE detectable
PRL aﬁd Gn mlght be 1nversely related to their secretion
"rates. These findings are in agreement w1th the oresent
works Lhe present work aiso suggests that, e;though spe-
cific radioimmunoassays are not yvet available fer auantﬂ-
tating pituitary hormones in salmon, the rechnique can be
used in the qualitative assessment of partially purified
pituitary hormones. - The possibility oé marked cross
peactions with more than one pituitary hormone cannot,
however, be negiected. '

Relkin's .(1872a, b)'findingsAin rats suggest'that +the

pineal gland is involved in the recepeﬂon and possibly in

the mediation of photope riod effects® on prolactin and

L4

growth hormone. The pineal, & conspicuous structure in

salmon, is particularly well adapted as a possible light

lJI

receptor {Fenwick, 1970a). Further, it is possible that
+he hormone- melatonin which has been demonstrated in fish

:neals (Fenwick, 1870b) may have a messenger role in a

;.“ligﬂf—pifuitary? axis. In this context it is interesting_*

&
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that, in rats, an increased pinéal\functibn in the dark

] .._Q'ES'/;&IB- .-

might ‘be responsible,for‘inﬁibiting secretion of GH re-
leasing factor with a subseQuent decrease in GH preQuctioh
and release (Belkin,-1972a). - Thus, if'a similar pathway

is demonstrated in salmon, the decrease in the dark period

nd

rather than the increase in the Light seriod would be res-
ponsible fot an 1ncreased GH Droductﬂon,
Photoperiod might serve as_a cue *o “egulate and

coordinate all the individuals of any species. Hoar (1965)
suggested that some salmonig species.undergd'physiolqgical.
and behavioural .cycles, and that each vear these cycles

. . . T

,preadapt them o seawater These cycles are probably endo-

Al

genous as constant ﬂllumlnatlon (noa , 1865) or.constant

darkness (ronta:.ne, 1965) do not abolish them. ;Ev'fidence Q‘
has ‘since accumulated 1ﬁ favour of such an hvnothesms. -

A circansual cycle in‘condltlon éecto”s of Atlartﬂc salmon

is indicated by data from Pinder and Eales (196%). "Smolti-
fication appears to intereunt or terminetexthis rﬁythm.

Rhythms are also suggested by data on blood serum levels .

of cholestoral and lipid- Dhosbho”us of brown trout (Mccertney,
1966, 1967) andsln “the actlthy of the salmonid thyroid . .

gland (Eales, 1965).- The present study suggests the Drgg\

sence of cyeles in growth and blood electrolyte jevels in

. Atlantic salmon. The endogerous nature of these cvcles

is suggested by the DerSgstence of therbasic Datterns of
most of these cycles tnder continuous light. Un‘ortunate 1y,

2 complete and¥igiitcal comparison of the cycles cannot be

-
. -~
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made as tﬁe'sfudy only sparnned part of a year.

The information available at the present time supports,
to a large extent, Baggerman‘sltlgsﬂ) interpretation of
the events involved in the catadromous migration of salmo-.
nids. . This hypothesis proposes the existence of external
npriming“ factors tha ﬁrépare the'ééimal to respond to ) o
externai éreleasing" facto“s.which trigger'migratory beha-
viour. Furthermore, ‘this hVDOthESlS also acconmodates
the existence of. possible endogencus cvecles. The accept-
ance o¢ such & scheme would st*lL{deSu on a fuller under—

standing of the precise role the di fferent. env1ronmental

¢}
Fh

cues (zeitgeber) involved in it. Thé difficulty in assessing
migrafibn makes 1t difficult to understand the ‘true impact
of releasing factors. Clearly, photoperiqd"meets the quali-
fications of a ppiﬁing factor as regards sélmonids. -
) .
There is little ‘evidence for a role'of’tempefgture

as a "priming" factor with the exception of that found for

a

the salronld thyroid which is af‘ec;ed bv temne”auuﬂe and”’

photoperiod (Eales® 1965). What ev*dence has accumula;ed
. ) — _ .

suggests that température is preponderantry\g tyeleaglng"

factor (Baggerman, 1962). However, it is likely that
temperature and Dhotooerﬂod may: both play some role &s _
“primers” and "rei&asers . Differences in the growth res-—

ponse of hYDODhYSECL0m1Z€d I. heteroclitus to standard

doses of somatotropin at dif eﬂent ;emoeratuﬂes (PickIord,

1853) suggests that temperature acts as a modulator of
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effects of the pituitary hormones. In this sense photo-

2
‘-—-

period might be regarded as hav1ng~a "centgal" effect in
contrast to a "Derlnheﬂal" one for temperature.

Under the Dresent state of the "drt, a model for-smolti-

- -~

-

fication must remaln somewhat theoretlcal but there'is new
enough informatien available to indicate the necess1 Tty to
review the significance of the parr-smolt transformation.
This rather vague term desoribes a number’ of events (Fon-.
taine, 1960) which are thought to be part of-aﬁ-eifeﬁsive‘
etamoroh051s 2t one point in the 1ife cycle of salmonids.
This 1is conewadlcted by observa;lons that salmoﬁ that fail
.to migrate will "desmoltify“ (Maiikoqa, 1957} and will once
again smoltify next year. Further, changes involved in
+he metamorphosis have been experimenéé&&zﬁinduced inde-
pendent of one another In the current study, fer exemﬁle,
salinity tolerance was induced by & GH tredtment mhﬂle .

parr marks 1'-erma\.:.neci visible. This.substanulates leld

observations (Saunders, personal communwcatlon) that migrant

.

salmon, @articplarly in the early Dgse of +the seasomn, often
éisplay parr marxs. Therefore, it 1s Dosszb‘e that 51lver-
ing, and perhaps other traditional indicators of smeltlflca-
+ion are not oblwgatory_comﬁonents ef this +ransformation.
Migration, which follows smoltification has ®een inter-

preted as 2 definite indication of 'the completeness of

the transfo*mat*on (Wagner, 1974). - But migration ig clearly

_a more difficult eveni +o assess accurately and is often

confused with mere escape behaviogr (Hoar, 1968).
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In revevaluating the initial

hypothesis of,é photo-

period-pituitary axis in the.mediation of the parr-smolt

transformation of Atlantic salmon

certain limitations, the evidence
3

i+ is found that, within

presented here strongly

suggests the presence of such an axis. Photoperiod does

influence the timing of smoltification in this species.

Moreover, it is apparernt that the

pituitary 1is involved

in the mediatiem of -the effects, many of which can be attri-

buted *to specific hormones produce

-growth hormone is capable of accel

d by this gland. Further,

erating growth rates

during a slow growth phase imposed by short daylight'

periods. However, ;pﬁ_seasonal pe
function in AL tic salmon impose

. . ™~ .
manipulation "I} ph&toperiod.

=
) . : ~

riodicity of chysiological

s limitations to its
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SUMMARY

n exposed to long daylight periods grew

faster than those under short daylight.

Atlantic salmon under longDhotope

ac

e

n

ct

t

ive

pituitaries with the GH,

ods had more

PRL, ACTH, and Pars

ermedia cells all showing signs of increased acti-

1ty .

Leng daylight

of

with activaticn
Total muscle 1ipid declined

Porcine grow
exposure in AtTan;

periods.

as

condition factors,

nehaviour and increased sa

-

-

mes<T.

fin

indicated by increased g%

The GH cells were judged %o be activated the

.

shotoperiod regimens resulted in blackening

margins. This effect was seasonal and coincided

+ 2

+
Plasma levels of Na , X7, Ca”

that we

environmental conditions.

modify

Atlantic salm

£3

e

ed as

of pars intermedia cells.
under long daylight regimens. .

+h hormone mimicked effecgg\of long daylight
ic salﬂon held under ShO“u daylight

The hormone promoted growth and smoltification

r/}h rates, sharply lower

darkenedeﬂn_ma“gﬂns, smolt-1like

1inity tolerance.

AN

ané C1~ described cyeles

re not primarily related to the prevailing

.Photoperiod did, however

~he period and freaquency of these cycles.

+he PAGE bands with Rf’

on growth hormone and prolactin were identi-

-

s 0.39 and 0.47 respectively.



10.

1l.

1z.

- o -123-~

Atlantic salmon prolactinmay exist in two forms.

S

The concentratlon of~the growth hormone and D*olactln

bands on PAGE_were 1nvergg1y related to’ the apparent

histological activation of'the'correspondlng pituitary

cells. . -

Atlantic salmen prolactin showed strong Na-regaining

activity in hypophysectomized killifish.

Radioimmunoagsay using anuﬂ-nollack GH or anti-pollack

PRL detected Atlantic salmon growth hormone and prolactin.

Sut anti-human GH and anti-human PRL did not cross react

specifically with the salmon hormones.

Smoltification appeared TO consist of a number of inde-

.pendent as well as interdependent changes.

The effect of Dhouonerlod manipulation is limited toO

a temporary'modification of some endogenous cycles.

-
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SYNOPSIS

]

Even though limitations are imposed by apparent eQdQ-
genous rhythms, it is now indicated that photoperiod mani-
pplation can accelerate the growth and smoltification of .
Atlantic salmon. This potential may be useful in salmonid
aguaculture. More rapid growth and an earlier release of
+he fish into seawater appear as economicall§ desirable
goals. -A shortehed fresh water stage is desirable as the

.petention  of salmon in fresh water is 2 costly undertaking

when conmpared toO sea-ranching or allowing +he fish to feed

e

n the wold at sea and harvesting returning fish. Naturally,

+he receptivity of the fish to environmental manipulation,

including photopericd, temperature and salinity, probably

it
depends gfeatly on the period of the year at\which this is
attempted and such manipulation does ereate certain problems.
An advance in the timing of the metamorphosis such as that
elicitéd in the current study would oblige an earlier trans-

er, or release, of the fish to seawater. This would clearly
be fhagardous in nature where environmental coﬁgifioné will

ikely be hostile to +he fish at that time of the year.

The optimum envifonmental‘conditions £or this transfer have

Q
f
v

yet to be studlied.

photoperiodic control

Hh

Major advances in the study ©

of endocrine processes will likely be made in the near

th

future. Already 1t appears that some type © photoperiod

control exists over pituitary function in mammals (Relkin,
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’

1972a, b; Schams and Reinhardt, 1974; Wurtman, 1975). It
is probable, therefore, that the study of light-endocrine
relationships in teleosts ﬁi}l remain attractive for the

- -

comparative physiclogist.

i
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TABLE 1 T

. — _
Relative mobilities (Rf's) of disc gel electrophoretic
bands from pituitary extracts, Serum, and brain tissue

of Atlantic salmen.

v

Serum _ Pituitary ° Brain
0.03 0.29% 0.05 '0.16
0.06 0.30% ' 0.10 < 0.20
0.08 0.3u% 0.22% 0.35
0.10 0.81% C 0.33 - 0.4L
0.13% 0.45% 0.39% 0.50
0.14% 0.52% 0.4l 0.60%
0.19 0.61° 0.47% .. 0.69%
0.21 0.69% 0.4 ‘
0.27% 0.77 0.55
0.61%
0.75 ~ ‘52
0.78% >
0.84%*
0.86
0.9u%
# Major component of electrophoretogran.
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