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ABSTRACT N

A\ (4
X

The present stu concerned the developmeﬁ§ and validation of a 'y

p)
radioimmunoassay (RIA) swuitable for the measuremé&f of serum

oreactive growth hormypne (ir GH) levels in the\goldflsh

i

Carassdys auratus. The canp @H’(c~

o4
promotlng\ arked 1ncrease$‘ i;; @ﬁ‘vtﬁ‘ &.‘ of goldflsh\ in addltlon,

i ¢ WM-“
4 preliminar|\ experiment sug sted tha the rabbit antl*&§e serum used

in the RIA boun to endogenoLﬁycirculatlng goldfish GH. Tﬁ%\cGH RIA i .

provided sensitive\and reproducible measurements of goldfish Eerum

ir GH levels. Extengive spehificity testing strongly suggested*phat

! . N
only goldfish GH reactk in ﬁhis‘cGH RIA. . - \\s\

tb measure goldfish serum ir GH levels in
/

variety of physiological éudies. Synthetic mammalian somatostatin

The cGH RIA was use
(SRIF) was found tofdecreés serum ir GH levels-in goldfish; two in-
jections of SRIF given l2,hr\apart resulted in significant decreases

in serum ir GH levels at/1.5 and 6 hr following the second injection.

.

. In addition, there was a marked post-inhibitory rebound in serum

N

ir GH levels at 24 hr folloﬁing the second injection.

. A series of experiments presented in Chapter 2 demonstrate

serum ir GH levels in female goldfish can be altered by systemic

injections of a variety of catecholamines or drugs which alter the

synthesis or action of catecholamines. The effect of a single intra-

¢ -

peritondal injection of NE on serum ir GH levels varied depending on N

time of year; experiments conducted between November and February

suggested that NE increased GH secretion whereas'in May and June NE ‘

~g



a .

<
~
‘decreased serum ir Gl lévels. Additional experiments suggested that

injdctidns of L-DOPA caused dosc—depcndent increases in serum ir GH

r v :
.levels of female goldfish by;decarboxylation to DA within the central
A3 of .

{nervougwsystem;

Results éresented in Chapter 3 demonstrated thdt lesioning the
nucleus preopticﬁs pefivehtricularis (NPP) in goldfish‘res%}ted in
both increased serum ir GH levels and‘increased body weight increments
at 4 weeké‘pOSt—lesioning. Since the NPP is a major site of SRIF
immunoreacti?ity in another teleost species, it is possible that the

NPP lesions in goldfish destroyed somatostatinerqgic Egununs, thereby '

¥
E

) . . . P g‘i"
removing the SRIF inhibitory influence on the GH se

XY -/ ) - A.'"”;&‘ .
y cells. ﬁ*‘ik?u:"‘
. : #: 4
Although a series of experiments presented in Chapter 4 provided C

na evidence for a circadian rhythm in GH secretion, serum ir GH:levels

were found to fluctuate abruptly (marked increases or decreases

'

occurring over a 20 to 30 min interval) suggesting pulsatile GH

release in the goldfish. Serum ir GH levels were found to increase

N

. ~y . - ’ T e e
progressively when groups oﬂ fish were sampled in February, April and
-

S

August. Since both tidg’of year and the experimental light-dark cycle.
were changed concurrently in these experiments it was not possible to
determine whether these, or other factoré; were responsible for the
aobserved differences. Nevertheless: it is rélevant to note that serum

ir GH levels were greatest in the summer months, at the time of year

when many spring-spawning teleost fishes grow most rapidly.

vi B //
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R - GENERAL INTRODUCTION
ﬁ
The original studies of teleést gfowth horméne (GH) demonstrated
R Y .
that hypophysectomy results in a cessation of growth in Fundulus
. )
neteroclitus, and that resumption of growth could be induced by re-
placement therapy with GH purified from Pollachius viriens or .
Uropnyeis tentus pituitaries (Pickford and Thompson, 1948; Pickfofd;
1953a,b,’l954, 1959; Pickfora et al., 1959; Wilhelmi, 1955). ~Addi-
tional studies gsing the hyphophysectomizéd (hypox)'male F, - Q;J
neteroelitits demonstrated the groch—promoting activityAqf fish and
bgvine GH (bGH); but not of human or simian éH, in this teleost  fish
(Pickford et‘aZ., 19595, suggesting séme species specificity in the
action of GH. The original demonstration of a teleost GH (Piékford,
1553a,b, 1954 ) has been confirmed and éupported many times with
physiological (for réview: Donéldson et al.¥ 1979) and histo-
physiological studies (for review: Ball andiBaker, 1969; Sage and
Bern, 1971: Schreibman et al., 1973) .

More recently, Farmer et al. (1976) and|Clarke et al. (1977)
have described the p@rification and propertie% of a GH prepared from
tilaéia (Sarot?zerodon; mossambicus) pituitéu:ies\r Highly purified
tilapia GH (tGH) behaved identicaily to variouéxtetrapod éHs on
Sephadex G-100, in the ultracéntrifuge, and in disc.gei electro-
.phoresis, but was activé only at very high doses in the rat tibia test
(Farmer et al., 1976). Clgfke eteql. ‘(1977) demonstrated that tGH ,w 

promoted increases in both weight and length in intact tilgiia and

sockeye salmon. Although unable to demonstrate a GH dose-response

1
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relationship, Clarke et al. \(1977) concluded that bGH and tCH were

approximately equipotent in tthe tilapia and sockeye salmon, and that
' o \

|
\

the minimum effective dose of bGH'and tGH to eﬂhﬂnce somatic growth

in sockeye salmon was aboutﬁatgo to 0.40 ug GH/g body weight (BWt).

|
Farmer et al. (1976) also devploped a radioimmunoassay (RIA) for tGH. | \

and demonstrated that tilapiayprolactiﬁ (tPRL) did ﬁot exhibit signi- ‘ \

: ; . .
ficant cross-reactivity. ‘A sfgnificant cross-reaction was observed \

with pituitary extract from the perch, although the displacemént curve

was not parallel with the tGH standard} indicating GH immunochemical
diffefences between these teleosts (Farmer et /al., 1976). The tGH RIA
[ //

ot yet-been used to quantify serum o§/éituitary GH levels in

%

/7

/

As part of a continuing investigation of the isolation of salmon

By

hormones, Idler et al. (1978), Komourdjian and Idler (1977, 1979) and

Komourdjian et al. (1978) characterized the biochemical, immunological

and biological pfoperties of a salmon GH (oGH) prepared from chum

sahmon (Oncorhynchus keta) pituitaries. The oGH, purified by a pro-
! v
cédure similar to that employed by Farmer et al. (1976), was found to

s&imulate linear growth in h§pox rainbow trout (Komourdjian and Idler,
lé79). Unfor;unately, Komourdjian and Idler (1979) did not indicate
tLe weight-specific dose of OGH used in their study. Furthermore,
w’ile these authors suggested’fhat oGH was about th magﬁitudés more

active than the porcine GH used as a reference in their studies, the

[

perimental protocol used for their biocassay prevents definitive \
agsessment of the biological activity of these GHs. It is relevant
to| note that two additional fractions from the oGH purification also -

\ o o9
|
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had significant gr%wth—promoLing activity (also sce below) and that
salmon éRL (Idler qk al., 1978) was devoid of somatotropic activity
(Komourdjian and IdfFr, 1979) . Using an immunocytoloqfhal technique,
a rabbit antise;um ggnerated aéainst OoGH was specifically'localized to
only the presumptive#?ﬂ cells of salmon pituitaries (Komourdjian and
Idler, 1979), suggesting antigenic differences bétwcen the salmon GH
and PRL similar to that of the tilapia protein hormones (Farmer et al.,
1976) . However, the significgnce of immunoreactive materia} in sever-
al growth-promoting side fractions from the oGH purification was not
determined (Komou;djian and Idler, unpublished, cited in Komourdjian
and Idler, 1979). There have been no published accounts of serum or
pituitary GH measurements in fishes, using the oGH aﬂd anti-oGH sera
developed by Idler et al. (1978) and Komourdjian and Idler (1979).
Another salmon (Oncorhynchus tshawytscha) GH fraction (oncGH)
had approximately lO%{of fhe activity of bGH when bioassaygd for its
ability to stimulate growth in intact coho salmon (Higgs et al., 1978).
However; sinée ion-exchange or gel filtration chromatography-were not
included in the pﬁrification procedure (see Donaldson et al., 1979) it
is likely that oncGH is not as pure as other,tel%ost GH preparations.
Further stpdies are required to evaluate the biéchemical‘and immuno-"
logical properties of this GH preparation. Fa#mer et al. (1981)
recently demonstrated that a highly purified GH, isolated from‘
pituitariés of the stu;geon (Acipenser guldenstadti), had significant -
potency in the rat tibia tesﬁ. Although biochemical data suggest that‘
the sturgeon GH (sGH) is similar to the other téleost and tetrapod GHs

(Farmer et al., 1981}, it was not determined if sGH . could stimulate



growth in the sturgeon or other fishes,

’I‘l‘w goneral paucity of intormation on the physiology of GHoin
teleosts is due, in lpdrt, to the lack ot a simple and sensitive vali-
dated assay system. Measurements of teleost pltuitary GH were attempted
in the ecarly studics of Swift and Pickford (1962a4,b, L96%) in which
hypox Fund%Lus were used to biocassay perch pituitary samplcé collected
at various times of the year. It is likely that the lack of sensitivity
and diffi?ulty in cva}uating the specificity of this, and other teleost
GH bioassays, in addition to the length of time required to complete
the assay (see Kayes, 1979), tend to preclude their routine application
in the measurement of teleost pitultary and serum GH measurements. A
number of studies have utilized densitometry to estimate GH concentra-
tions following polyacrylamide gel electrophoresis (PAGE) separ?tion of
~eel, guppy and trout pituitary homogenates or culture media (Baker and
Ingleton, 1973, 1975; Ingleﬁon et al., 1973; Wigham et al., 1975; Hall
and Chadwick, 1978, 1979). The specificity of this assay system is
~supported only by theufinding thag antisera made against the two pre-
sumed GH bands after PAGE is localized to the acidophil cells of the
eel proximal pars distalis (PPD) (Ingletén and Stribley, 1975); there
is no evidence, however, demonstrating the growth—promoting activity of
the 'GH' bands. In addition, a heterologous RIA employing radioiodina—
-ted ovine GH a§é‘antibody to ovine GH was used to estimate the relative
amounts of cross;reactipg antigen from serum or plasma samples of>sock-

eye, kokaneé and coho salmon (McKeown and van Overbeeke, 1972;

Leatherland et al., 1974; McKeown ¢t al., 1976) and goldfish
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(Peter ot wle, 19705 Petor and MeKeown, un;:nl)ll:sluul resalts) . Although
these author s tll‘lll(}llfiy‘ld(('!l paral leltbsm hetween ditations ot tish plosmae
and pituitary extroact, and showed that soram from hypox goldtish had

no cross-reactivity in this heterotogous RIA (Mockeown, personal
communication), no indications of assay precision or hormone speciti-
clty were provided. These and other limitations prevent the
ldentification of the substance(s) measurcd by the heterologous RIA

as a fish GH (see Nicoll, 1979%) . [IFryer (19/79) used tGlH and tilapia
Liver membrane fractions in a.radioreceptor assay (RRA) For G,

While a variety of vertebrate GH and PRI preparations caused apprecia-
ble displacement of radiolabeled tCH from the liver membrane fraction,
their displacement curves were not parallel with the purificed tGH and
were evident only at high concentrations (Fryer, 1979). The tGH RRA
(Fryer, 1979) has been used to demonstrate that somatostatin (SRIF)

can inhibit the geledse of GH from the pituitary glands of tilapia
(Fryer et al., 1979). It is likely, however, that the relatively
small amount of specific binding (5 to 10%) of tGH in the RRA

(Fryer, 1979) precludes the use of this assay for serum GiH measure-
ments.

The purpose of the present study was to develop a GH RIA, using a
purified carp GH (cGH) and an antibody to cGH, suitable for the
measuremént of circulating GH levels in the carp and goldfish. Due to
the nature of RIA, emphasis will be placed on validation of the GH RIA
using the methods enumerated by Nicoll (1975). Thorough validation of
the ¢GH RIA, including quantification of precision, sensitivity

and specificity,are of the utmost importance. Physiological studies



involving the application ot

thiee codt RITA o the measinreanenyt ot et o

tmmanoreact 1ve GHo (e i) deve ls in the goldtish will be designed to

both supplement the standard methods ot REA validat ton amd to provide

ortgtnal dntormation regarding circulating il levels i a teleont,

usitng o validated technigue.
cGH RIA and the cttects ot SR

in the goldtfish are presented

The development and validation of the
[ and monoamines on serum 1 Gk leve by

in Chapters L oand 2, regpectively.,

Chapters 3 oand 4 desceribe investigations of the hypothalamico control

ol GH secretion, and studics on seasonal and darly variatiions ot

serum 1r GH levels, vespectively,
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requlat ton
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G secret ton o of ol oped the chiovnges on blood Tevels of Gieoin teleogts,

The tactors tesponstbhle tor thes bumrted progress anclbinde a0 soarenty

ol b GHopreparat tons, and the ook ot an assay smtable tor the

Mo s cment ot coram or o opitaitary ot levelso o Although brochemroal,

o logrcal aned barologroal Stadies have heen done on Gl preparat tonsg

Prom Cilapia, ool oop o et ne tarmer o2 0y T Clarke
' L9777 Fryer of Ll 179 Fryer, 1979, cham o salmon,

Ciay

s anrs oo (Tdler o4 ey 17y Fomourdytan and Ldler, 1979) and

sturgeon, Ao Jtuvyfwu“x.f" pitultaries (Farmer -0 (0., 1931), a

tully validated RIA for application in physiological studies has not

been developed using these GH preparations. Sepum measurements have

been made from both salmon and goldfish samples using a heterologous

i
.

RIA (McKeown and van oOverbeeke, 1972; Peter 2f l., 1976; Peter and

McKeown, unpublished results). However, without rigorous assay

validation (for review: Nicoll, 197%), the substance(s) measured in

™ . ) 4
the heterologous RIA remain unidentified.  Recently, Fryer = ac.

(1979) demonstrated the suitability of a RRA for the measurement of

GH released into the medium from tilapia pituitaries cultured i vicro.

tiowever, for technical reasons this RRA 1s not suitable for measurement
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of serum or plaéma”levels of CH. To date therg have not been any .
published accounts of measureme&%s of serum.or'plasma GH levels in
E?lerts: . _ ' E
) The present chapter describes thefbiological and immunologiéal
’propertieékof a GH prepared from cérp (Cyprinus‘carpioj pituitaries
by Dr. S.W. Farmer (Hormone ReséaréhﬁLabo:atory, University of
Ccalifornia, San Franciséo).. bata grovided;by Dr. Farmer concerning
the method of purification éna biochemical~properties»of the cGH
- are included in APPENDIX I. In additién, theé cGH was used to develop-

a RIA suitable for the measurement of both serum and pituitary GH
- . ) . »
levels in carp and goldfish, Carassius auratus. An important
objective of the present study was to demonstrate that the cGH RIA
provides sensitive and reproducible measurements of endogenous GH

concentrations free from interference by other hormonal and non-

Normonal substances.

A



MATERTALS AND METHODS

I. Iodination of Carp G;owth Hofmone

The cGH,vpurified.hs outlined in APPENDIX I, was iodihated using
a modification of the méthéd of Thorell and Johaﬁsson (1971) . One ﬁCi
NalZSI (Edmonton ,Radiopharmaceutical Centre, Edmonton, Alberta) in 50
ul of O.Snﬁ phosphate buffer (pH 7;4), 27 nug lactoperoxidase (45.7
I1U/mg, Calbibchem—Beh;ing Corp., La Jolla,-CA) in 10 pl of 0.05 M

phosphate buffer and 10 pl of 0.003% ﬁéo were added to 5 ug of cGH
' 9]

2

in-5 pyl of 6.05 M phosphéte buffer and incubated at room temperature

for 5 min 'with constant agitation. Two additional 10 pl aliquots of

0.003% H202 were added at 5 min intervals, and the reaction was ter—

. . I

minated after 15 min by dilution with 500 ul of 0.05 M phosphate buffer.
Unreacted iodide and damaged proteinswere separated from intact

125I'-—cGH by gel filtration on a Sephadex G-50 (Fine) column (1.1 X 10

cm) . The iodination mixture was eluted with 0.08 M barbital buffer

(pH 8.6) and 1 ml fractions were collected. ‘The épecific activity of
125 o ‘ . 125

the I-cGH varied between 110 and 175 pCi/ng. The I-cGH was stable

: o. . . 125
for about 1 week when stored at 4 C. The useful life of the I-cGH

for RIA tracer was extended beyond this period by rechromatography of

undiluted Y2°1-cGH on Sephadex G-100 (1.1 X 10 cm).

II. Radiolmmunoassay Procedure
RIA was performed using a double antibody method under
disequilibrium conditions. All dilutions were made with 0.08 M sodium

barbital buffer, pH 8.6, containing. 0.5% bovine serum albumin (BS2) .



Glass tubes (12 x 75 mm) were used for incubation. Twenty-five ul of
sample or standard cGH were added to 100 ul of rabbit anti-cGH serum

\

(see APPENDIX I; 1}:6000 ipitial dilution) containing 2.5% normal
rabbit serum (NRS). After 24 hr incubation at 5°C, 100 ul of »2°I-cGH
(9 to 11 x lO3 épm) WéS édded to each tube and'incubation continued
for‘24 hr at 5°C. Precipiéation of the antibody-bound hormone was -
effected by addition of 200 ul of a 1:20 initial dilution of goat
anti-rabbit gémma—globulin (GARGG; Antibodies Inc., Davis, CA, U.S.A.)
and incubation overnight at» 50C. The tubes were then centrifuged for
}O min atv2000 rpm, and the supernatant decaﬁted by inversion and
gentlé blogting on absorbent cotton. The bound fraction was then
counted in an automatic gamma scintillation counter (Model MS 588,
Miéromedic Systems Inc. %?d., Horsham, PA). All values obtained‘were

3

corrécted for nonspecific binding of the labeled hormone to the
immunoprecipitate in which excess .unlabeled hormone was substituted
for the sample or standard. RIA results were analyzed using a

weighted regression of a log-logit plot of bound 125I—cGH/bound

125, _can inbthe_absenceuéf unlabeled. cGH (B/Bo), (Midgley et al.,
1969), after correction for nonspecific binding as outlined above.

All samples and standards were assayéd in duplicate. For statistical
comparison of slobes of RIA inhibition curves from serial dilutions of
éeruﬁ or hormones with that of the cGH standard, the Student's t-test
(2-tailed) was used. RIA inhibition cyrves wita % or wmore dupli-

cate values between 20 and 80% B/Bo were used for statistical testing

of parallelism, when possible.

—an
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'III. Molecular Heterogeneity .0f Immunoreactive Growth Hormone in ;J
Goldfish Serum and Pituitary Homogenate

The heterogeﬂeity of circulating GH was studied by gel filtration
on Sephadex G-100 (Fine) of several pooled serum samples which were
either untfeatéd, treated with NRS, or immunoadsorbed with rabbit
.ahti—cGH serum. Immunoadsorbtion was performed by incubating 50 nl of
goldfish serum with 100 ul of rabbit anti-cGH serum for 24 hr at. 5°C.
A control procedure was carried.out in an identical manner in which
the rabbit anti-cGH sergm wds substituted with NRS. Separation_of
antibody-bound hormone was accomplished by incubation:for 24 hr at 5°c
with a 1:5 dilution of GARGG, followed by;centrifugatiOn as described
for the'RIA.. The éupernatants were poolea to constitu;e a volume of
500 pl prior to gel filtration. Two ml of untreated serum or' 0.5 ml
of supefnatant from thg treated sera (see above) weré applied to a
1.1 x ‘10 -cm column of Sephadex G-100 and eluted with 0.08 M barbital
buffer, pH 7.6. Dextran blue,leI, and 125I—cGH were added to the
plasma as markers; 1 gl fractions of eluate were collected and
assayed for ir GH. »Goldfish pituitéry homogenates were chrbmatographed
on Concanavaline A-Sepharose 4-B and the eluate polle;ted in 1 ml
fréctions for RIA, to assess the émount and natqge of the pituitary
ﬁaterial(s) cross—reactingAin the cGH RIA. Qetails of the

Concanavaline A separation have been described previously. (Cook and

_Peter, 1980).

IV. Source of Hormones and Fish Serum

a

’ The mammalian hormones used in ‘the specificity testing of the

cGH RIA and in the GH bioassay were supplied by the National Institute
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*of Arthritis and Metabolic Diseése, National fnstitute'of Health
(Bethesda, MD, U.S.A.). The carp gonadotropin (GTH) and goldfish
PRL were generously provided by Drs. B. Breton (Laboratoire de
Physiologie des Poissons; Institut National de ia Recherche
Agronomiqﬁe, Campus de Beaulieu, Rennes, Frénce)‘and V. de Vlaming
(University of california, Davis,YCA, U.S.A.), reséectively. Sera
from coho salmon (Oﬂcorhgnchus kisﬁtch) and from common carp
(Cyprinus carpio) were. generouél-y suppiied by Drs. E.M. Donaldson
(Fisheries and M;rine Servicév‘West Vancouver, B.C., Canada) and
K. Berniarz (Akademia Rolnicaz, Krakow, Poland), respectively. Sera
from other teleost species'were obtained from fish maihtained at tﬁe
Department of Zoology; Univeréity of Alberta, Edmonton, Caﬁada.

w
V. Bioassay of Carp Growth Hormone

Goidfish, Carassius aurqtus, of tﬁe common or comet varieties
were purchased‘from'Grassyfork Fisheries Ltd., Martinsville, Indiana.
2ll fish were maintained for at leaét 2 weeks in .1500 % flow—throﬁgh

) aquaria under a simulated natural photoperiod (Edmonton, Alberta,
Canada) prior to use in the bioasséy. During this period the water
temperature was 15 % lbc and the fish were fed a commercial trbut chow
(Ewos) twice per day. At the beginning of the experimental period, the
fish were anaesthetized with 2-phenoxyethanol (Syndel Laboratories,
vancouver, B.C., Canada), and tagged bn thé operculum with size 1
Monel tags (National Band and Tag Co., Newport, KY, U.S.A.). The

fish were each weighed to the nearest decigram (initial BWt = 12.55 *

0.46 g, z>i SE) - immediately after tadging and at 6 d intervals through-

“a
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ouf the e%perimental period, commencing 10 d after the initial
weighing. All weight measurements were made, after genple blottiﬁg on
absprbent‘£8wellihg, between OB:OO'énd O9:OO‘hr, prigr to the first
feeding of thé ﬁéy, to reduce the contrigution td vafiability in
weight .of snrfac& and sfomach contents, respectively. ‘Preliminary
experimenté indicated that changes in BWt were more responsive to
hormone thefapy tﬁan length increments over,£he relatively shorf
duration of“hormone therapy (A.F. Cook, unpublished results). During
the eXperiméntal peripd all fish were maintained iﬁ a 296 % flow-
tﬁrough aquarium under a 16L:8D light-dark cycle (ligth on at 08:00
hr) at 15 + 1°C. Feeding was by an automatic feeder adjusted to
deliver approximateiyl6 g Ewos (size 5P) pellets over 3.5 min, at

5 separate times during each photophase. Tanks were cleaned daily

at 08:00 hr throughout the expefiment.

‘The vehicléjforlhofmbne injections and as a control injection was
teleost saliné (Burnstock, 19581 supplemented with 250 U of penicillin-
‘G (Sigma, St. Louis, MQ, U.S.A.) per ml, final solution adjusted to
PH 9.5 with NaOH. All injections were made intrapéritoneally‘(ip)
with a 250 ul Hamilton syringe fitted with a 27 gauge ﬁeedie. Each
fish received ; injections of vehicle at 3 d intervals, beginning
Qith the first ﬁeighing after tagging. After the pretreatment control
period, the fish were randomly distributed among 5 groups to receive a
total of 6 injection§ at 3 d intervals of either vehicle, bGH
(05, 1.0, S.O Qg/g BWt), or cGH (1 ug/g‘BWt). A post—hormoge ther-

N . ;
apy contrql,périod consistedvof a further 4 injections of vehicle tov

all fish, again at 3 4 intervals; injection volumes were 5 pl/g BWt.
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Instantaneous relative growth rates were calculated according to the
W - W X 100
(T% ;)

equation
' (WT) (T - t)

where wT and wt represent total BWt at

times T and ;} respectively (Ricker, 1979). After normalizatiop of
growth rates using a logérithmic transformation, results were analyzed
by analysislof varian;e and Duncan's multiple range test (éteei and
Torrie, 1960Y4and either.the Student's t-test or, when var lances were
non-homogenous, the U—test‘LSteel and Torrie, 1960). AtAthe end of

the experiment all fish were killed with excess anaesthetic and the
gonosomatic index (GSI) was calculated according to Cook and Peter

© (1980) ; the fisl] were then dried to a constant weighf at 110°C for

determination of per cent moisture.

vI. Immunohistochemistry
Goldfish were killed in excess anaesthetic, and the pituitaries

were quickly removed and placed in fixative consisting of 6.25%

f
R .

glutaralde;yde in phosphate bﬁffer,(pﬁ 7.4). The pars diétalis (PD)
was'separated from the neurointermediate lobe before being cut into
pieces appro;imgtely 1 mm3 in siée.‘ The PD fragmehts were fixed for
20 min before washing with phosphate buffer for 30 min; post-fixation
for 45vmin was in 1% OSO4 in barbital buffer (pH 7.4). After washinq,‘
tissues Wefé dehydrated in increasing concentratioﬁs‘of efhanol, and
eﬁbedded.in Epon 812 or LX 8l12. Sections wére cut on glass knives

and mounted on uncoated copper or Qickel grids. The sections on

copper grids were stained with uranyl acetate and lead citrate accorxd~

ing to Reynolds (1963), whereas the sections on nickel grids were

stained with the immunohistochemical procedure (see below). In some
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cases, matching seriél sections were cut gnto copper and nickel grids
in order to correlatg the general ultrastructural appearance with
antigen localization of the same cell. For immunchistochemistry, a
modification of the procedure of Sternberger et aZ.-il970))and

" Moriarty (1973) waé employed. Prior to staining, grids were etched
in 10% aqueogs‘HéO2 for 10 min ‘and then rinsed in double distilled
deionized water (DDD). Grids were then placed in a 1:30 ailution of
normgl goat serum (NGS),for 5 min, for control of non—specifié ad-
sorption of proteins on the t&ssue sections, and then incubated for

6 hr at 379C in a 1:6000 dilution of rabbit anti-cGH serum. The

grids were then placed in a solution of GARGG diluted 1:5 (see RIA

procedure) for 10 min. Lyophilized peroxidase-anti-peroxidase complex

(PAP) (Bionetics Laboratory Products, Kensington, MD, U.S.A.) was
diluted 1:10 and stored at 69C for not more than 5 d piior.to use.
After 10 min in th; PAP solution and after staining in eaéh of the
above solutions, grids were’rinsed in‘Tris—phosphate—buffered saline
(0.05 M Tris, 0.001 M phosphaté, O;OLS M NaCl; pH 7.6) (Tris-PBS)
containing 1% NGS. The peroxidase wasethen allowed to react.with the
substrates 3, 3'-diaminobenzidine (DAB) (Sigma) and H,O, for 10 min
with gentle stirring. The DAB Solutidn was made immediately prior to
use by’mixing 22 mg DAB with 175 ml Tris-PBS gﬁd 1.5 mi 0.3% H202.

After a final DDD wash for 30 min, sections were stained with 2%

OsO4 for 30 min. Tris-PBS was used as the diluent for all of the

reagents used in the immunocytochemical procedure. All solutions with

the exception of H PAP and 0s0, were filtered (0.22 u pore,

202f 4
Millipore Corp., MA, U.S.A.) prior to use. Examination of the tissu

was done with’a Philips 301 electron microscope.

15
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The.specificity of the stain was tested by substitution of. the
follow}ng éoiutions for the primary antiserum (rabbit anti-cGH serum)
in the staining procedure: (1) a 1:6000 dilution of antiserum
adsorbed for 24 hr at‘ZOOC with either cGH or goldfish PRL (28.6 ng/ml)
or (2) NRS diluted 1:6600. As method controls, Tris—éBS was, 1in
separate experiments, substituted for the GARGG and the PAP in the
staining procedure. ' ,

a

VII. Administration of Antisera to Carp Growth Hormone and Effects on
Growth Rates in Goldfish -

Prior to beginning the experiment, 20 female éoldfish/{;hitial
BWt = 7.25 # O.él g, X + SE). were acclimated for 10 d in two 60 ZJf
standing-water équaria‘(lo fis; per tank) maintained at Zl’t 1°C under
a l6L:8Dyl%ght~dark cycle (lights on at 08:00 hr). Each aquarium was
equipped with 2 charcoal and glass-wool corner filters and gravel
bottom filters and filled with aerated déchldiinated water containing
0.2% NaCl. The saline in each aquarium was chaqgedltwice a week
prior to each set of injectiong (see below). The fish were fed
powdered Ewos trout chow at the rbte of about 4% of BWt pegvday;
Weight-specific feeding was base&Jon the‘total BWt of all fish in each
aquarium determined from the mos£ recent (not greater than 7 d) weigh-~
ing. The daily ration was divided among 7 to 9 separate feedings
between 08:00 and 18:00 hr and feeding was withheld for 36 hr prior to
weighing. Fish were weighed to the nearest decigram, after gentle
blotting on absorbeng tdwelling, at weekly intervals throughout the

experiment. The type and method of anaesthesia used prior to weighing

and injections is the same as for the cGH biocassay (see above).

3



Instantaneous relative growth rates were calculated as:

‘BWt - BWt .
n w_n-l X 100 where Bth is the BWt at week n and represents

BWt

n
the relftive per cent increase per week.

After the acclimat%on period, all fish were injected twice weekly.
(50 ul per intraperitoneal injection) with undiluted NRS for a 2 week
control pretreatment period. Fish which faiied to grow by more than
8% per week (N=4) during :the pretreatment period were not included in
the rema¥nder of the experamént, but were left in the experimental
aquaria. During the subsequent 2 week treatment period, 4 fish
received twice weekly injections of undiluted rabbit anti-cGH serum
(50 ul p¢r~injection) and the remaining fish continued to receive NRS
injections as in the pretreétment period. Four fish from the NRS
group died during the treatﬁent periqd of the experiment. At the end
of the experiment, the fiéh weré killed and the GSI determined as for
the cGH bioassay.

Growth rates were analyéed using eithet the Student's paired
t-test or unpaired t-test for groups with dissimilar variances

: [

(Steel and Torrie, 1960). All confidence levels reported in Table 1.4

are 2-tailed.
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\

RESULTS

Injections of both ¢GH and bGIl enhanced the growth rate of female
goldfish after only 2 injections of a dose of 1 hg GH per g BWt
(Table l.l); 'During the initial treatment period (days 26 to 26),
hormone-injected fish gained weight at a éiqnificantly greater rate
{(p < 0.05) compared to their treatment vehicle injection periods, and
compared to the simultaneous Vehicle-injected fish. In addition,
growth rates were significantly elevated (p < 0.05) in the cGH-
injected and 0.5 ug/g bGH-injected groups during days 26 to 32 of

hormone therapy in comparison with their respective pretreatment

periods, and compared to the simultaneous vehicle-injected group

( (Table 1.1). Although goldfish injected with all 3 doses of bGH

gained weight at a significantly greater rate than the control groups
during days 20 to 26 of the experiment, there was no evidence for a
dose-response effect during this pe;iod_or during days 26 to 3? of
hormone therapy. The growth rates of all the groups of fish injected
with GH decreaéed with increasing time of hormone therapy; the{e were
no significant differepces infghe growth rates of any of the GH-
treated fish and thicle control fish during days 32 to 38. Towards
the end of the experiment aﬁd'especially during the, post-treatment
period (about day 36i the weight changes of many of the experimental
fish were highly variable, 'which is refleéﬁed by the negative growth
rates and large errofs shown in Table i.l. Six fish died during the.
.experiment; 2 in the control group and 3 and 1 iﬁ the 1.0 and 5.0 ug/g

bGH groups, respectively. At the end of the experiment there were no

»

18
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signiticant diftterences hetween any of the groups in the per o cent
moisture contenl @f the carcasses (table 101,

Pig. Lol presents a typical RI/\-(1l)fi¢“-l(‘5‘.})()“.‘;1‘ x'u.rvw for cai and
serial dilutions ot serum trom both intact goldfish and carp, hypox
goldfish, and pituitary homogenates from goldfish and carp.  Risplace-
ment of antiserum-bhound radioiodinated ¢GH by serial dilutions of
intact fish serum and the carp pituitary homogenate were parallel to
the ¢GH standard, while the goldfish pituitary homogenate was not
(see MATERIALS AND METHODS for statistical testing of RIA inhibition
curves). Serial dilutions of individual serum samples from 10 to 12
hypox goldfish caused a displacement which was not significantly
different (p » 0.01) from the zero dose response, and was therefore
considered not to react in the RIA.

The mean slope, intercept, and correlation coefficient (iii SE),
calculated from a weighted regression of the log-logit, specific,
relative bindinq (Midgley et al., 1969) for 10 separate‘cGH RIAs con-
ducted over a 3 year period, were -2.41 % 0.12, 4.17 * 0.22 and
0.97 * 0.0l1, respectively. The midrange of the RIA calculated as
the amount of cGH standard that will bind 50% of the zero-hormone
gtandard (Skelley et al., 1973) was 54.04 * 3.69 ng cGH per ml,

-Under the conditions used in the present study, the RIA sensitivity,
defined as the smallest amount of antigen distinguished with a 99%
probability from the zero dose level (Reuter ¢t al., 1978), was

125 pg per assay tube or 5 ng per ml serum. Within-assay (Table 1.2)
and between-assay (Table 1.3) reproducibility were within acceptable

limits; the coefficient of variation for 4 samples assayed four or

LSO



ig.

L1,

Representative radioimmunoassay (RLA) dose-
response inhibltion curves tor carp growth hormone
(GH) , and serial dilutions of serum and crude
pituitary extracts from carp and goldfish. RIA
data for serial dilutions of serum obtained from
hypophysectomized (hypox) goldfish are mean
values of 10 to 12 fish and the vertical bars
represent the standard error; all other points
represent the means of duplicate determinations.
The shaded area is the portion of the RIA curve
that is not significantly different from tﬂe

zero dose level (see MATERIALS AND METHODS) .
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TABLE 1.2
s

Tests of 'within-assay' reproducibility with the carp growth hormone
radioimmunoassay on serum immunoreactive growth hormone (ir GH)
measurements in goldfish. ’

o
sample A B c D
(ng ir GH‘;
per ml serum)

26,12 43.60 12.66 0 34.11
26.17 - 42.24 12.48 37.23

28.79 ' 45.27 12.22 7 34.'&

25.86 42.76 10.29 . 33.80 -
- —— 39.25 13,03 32.02
— 45.57 10.41 - 34.44
-— 44 .31 — -
Number 4 7, 6 6
"Mean . o - .
(ng/ml) 26.74 43,28 t 11.85 © °34.40
Staﬁdard
deviation .
(ng/ml) - 1.38 2.16 : 1.19 . 1.69
Coefficient

of variation ‘ )
(%) * 5.16 4.99 10.05 4.91

<3
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TABLE 1.3 o

Tests of 'betWeen—assay‘ reprodﬁcibility with the carp growth hormone
radioimmunoassay on serum immunoreactive growth hormone (ir GH)
measurements in goldfish.

-,
- Sample LY BB ' cc | DD
\\_.
(ng ir-cGH
per ml
serum)

Assay 1 17.30 23.75 >~ 33.81 ’ 12.68

2 "19.02  15.07 © 28.54 - 16.00

3 22.72 22.77 : 33.69 14.16

4 22,42 22.03 27.87 . 15.39
Number - 4 X T4 L 4 4

B 1
\
e,

Mean : . AN '
(ng/ml) ~20.36 20.90 30.98 14.56
Standard
deviation ‘ :
(ng/ml) 2.64 - . 3.95 3.21 : 1.47
Coefficient - Pl
"of variation .
(%) 12.97 18.90 . 10.36 9.95
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more times in a single assay or in four or more separaté assays were
6.28 £ 1.26% and 13.04 * 2.06%, respectively.
The specificity of the cGH RIA was determined using a number of

independent procedﬁres. Fig. 1.2 illustrates that cafp GTH and
"goldfish PRL do not significantly interfere in the cGH RIA. Althoqgh
the siope of.the inhibition curve for serial dilutions of goldfish
PRL is not si@nificantly different from that of the cGH stanéérd «
(p > 0.05), goldfish PRL has oniy limited immunological potency in the
cGH RIA, consisting of about 1% cross—reacti?ity. T?e slope of the
inhibitioh cg;ve by serial dilutions of carp’GTH is significantly
different compared to that of the cGH standard over the range of
doses tested and constituteé-only 5 to 8% displacement beyond the l%—
mit of sensitivity of this RIA (see Fig. 1.2 where limit of sensitivity
is B/Bo = 95%). furthermore, a_secondlqarp GTH preparation (Dr. B«
Breton, Rennes, France) caused even less displacement of labeled cGH
in the RIA, also in a’markedly non-parallel manner (data not shown) .
None of the mammalian GH or PRL preparations cross-reacted in the cGH
RIA (Fig.31.2). -

| Fig. 1.3 illustrates the dispiacement curvmr se‘rum samples
fromua variety of teleost species?iiSerial dilutions of serum samples
from ﬁhe three Cypriniforme teledst speéies (carp, éoldfish and
sucker) and rainbow trout all gave inhibition slopes which wére ndt
significantly different froﬁ the standard cGH gsed in the RIA. . Serum
samples from the salmonid species (coho salmon and rainbow trout)

caused only limited displacement of antibody-bound labeled cGH

(B/Bo = 85 to 90%) in the cGH RIA. Serum from the tilapia



Fig.

1.

2.

=3

Dose~response inhibition curves for carp
growth hormone (GH), carp gonaddtropin KGTH)
aed goldfish prolactin (PRL). Representative
data for a carp pituitary alkaline extract'
(cc6e) and another intermediate fraction

{ccbe) obtained during the carp GH purifica-

“‘tion are also illustrated. The radioimmunoassay

data for GH and PRL from bovine (b), ovine (o)

<

and rat (r) sources are as “4indicated. All

data are the means of duplicate determinations.
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Fig.

1.3.

‘Dose response inhibition curves for carp growth

ﬁormone (GH) (heavy.solid line) and serial
dilutions oﬁ sera obté;ned from intact coho

salmon (Oncorhyncus Kisuteh), rainbow trout

(Salmo gairdreri), tilapia (Sarotherodon
mossambicus) , white sucker (Catastomusn cormzefsoni) ,
gsldfish (Carassius auratué) and the common carp
(Cyprinus "cal”p‘llo) . All data are the means of |

duplicate determinations.
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(S. mossambicus) showed a significant cross-reaction, although the
slope of the displacement curve was not parallel\wiﬁh the cGH standard
(Fig. 1.3). :

In order to investigate the cause of the nonparallel inhibition
by goldfish piﬁuitary homogenate in the cGH RIA system (see Fig. 1.1),
several goldfish pituitary homogehates were chromatographed on
Concanavalind A-Sepharose (see MATERIALS. AND METHODS) . Thé results
of a typical fractionation of goldfish pituitary homogenate and
unlabeled cGH are shown in Fig. 1.4A. The goldfish pituitary
homogenate separates into two distinct. 'ir GH' fractions using this
Concanavaline A separation ;ystem. The lﬂrgest peak is unadsorbed to
Concanavaline A, chromatographs identical to unlabeled cGH and gives
parallel slopes of inhibition in the cGH RIA (Fig. 1.4B). sSerial

. v

"dilutions of the second Concanavaline-A adsorbed peak, consisting gf
34.68 + 5.78% (X *+ SE of 4 pituitary homogenates) of the total 'ir GH'
‘content of the»pituitary homogenate, caused inhibition slopes in the
' ¢GH RIA which were significantly different compared to that of thé
purified cGH standard (Fig. 1.4B). )

The PAP ultrastructural immunocytochemical method applied to gold-

fish pituitary sections revealed intense, selective staining on
; " :

granules of only the somatotrope cells of the PPD (Fig:. 1.5 and 1.6-1,3).

Comparisbn of conventionally-stained sections with adjacent
immunocytochemically—stained sections from fhe same pituitary.gland
(see MATERIALS AND METHODé) revealed that the étained cells were
usually ovoid in shape with rounded nuclei, and with rough endoplasmic

reticulum (RER) often grouped in whirls located at one cell pole or

1
P
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Fig.

1.

4.

Fractionation of carp growth hormone (cGH) and
goldfish pitpitary homogenate on Concanavaline
A-Sepharose 4-B (Con A) . The arrow in panel A
indicates the addition of 0.15 M a-methyl-D-—
glucopyranoside to the elution buffer. One ml
fractions were collected and assayed in the

¢cGH radioimmunocassay (RIA). ‘RIA results

of duplicate determiﬁations of serial ‘dilutions
of selected %ractipns collected from the Coﬁ A

v

separation are shown in panel B.
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Fig. 1.5. Immunocytochemical localization of growth
hormone in tﬁe goldfish pituitary gland.
Six positively stained Somatotrope cells
(GH)} stand out in contrasglto several
unstained gonadotrope (GTH) célls. Note
the larger cytoplasmic droplets (arrows)
typical of GTH cells. 1In addition to GH
and GTH cells, there is an adaitionai
cell type in this figure'containing numer-

ous smaller granules of about 1100 to 1500

.0
A diameter (X 3500).

~—
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Fig. 1.6-1,2. Serial sections (X 6000) .

1)
2)
3
”
Flg. l'6§_3' 3)

Immunocytochemical localization of
growth hormone granules in three
somatotrepes of the goldfish

pituitary gland.

The adjacent section treated with

uranyl acetate and lead citrate shows
o]
.

the same growth hormone cells with

many secretory granules and rough
.

W |
endopﬁ@ 1ic reticulum grouped con-

bel

L&&) ly around the nuclei.

3

Higher magnification shows individual

peroxidase-anti-peroxidase complex

molecules on growth hormone granules

(X 115,000).
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in concentric rings around the nucleus (Fig. 1.6-1,2$:J The membrane-

-

bound cytoplasmlc granules were of about 2000 to 3500 A in diameter,

comparable with that descrlbed in previous studies (Leatherland 1972

Kaul and Vollrath, 1974) for the somatotropes of the goldfish

pituitary gland. Immunostaining of GH cells with rabbit anti-cGH
serum was aboliéhed by addition of 28.6 ug/ml cGH to the primary anti-

serum (data not shownL In contrast, addition of an equivalent amount

"of goldflsh PRL falled to decrease staining 1nten51ty of the GH cells

No staining was observed if NRS was substituted for the rabblt anti-
cGH serum or if Tris-PBS was substituted for the PAP or GARGG.

The results of measurements of ir GH concentratlons 'in the eluate
obtained by gel fiitpation (Sephadex G-100) of a pooled goldfish ;erum
sémp;eenxashown in'Fig. 1.7. A single ir GH peak ié evident which
chromatographs with the slower eluting (i.e. smaller molecular size) of
the two 125I—CGH—peaks.-Treatment of a goldfish booied ser;m sample with
NRS and‘subsequeﬁt gel filtration resulted in 2 distinct peaks, one
elutiﬁg at void volume and the othér.with an elution volume to-void
volume ratio (V_/Q ) of 1.4 é;mparable with the iodinated cGH and single

serum ir GH peak (V /V = 1.5) (Fig. 1.7). Chr omatography of goldfish

f‘serum after rabbit. antl—cGH adsorptlon resulted in a slngle 'ir GH' peak

at VO«(Fig. 1.7). In a separate experiment where immunobead GARGG (Bio-

Rad Laborator;gg, Mississauga, Ont., Canada) was used in place of solu-

ble GARGG, similar resulté were obtained, except that no peak was

detected at Voféfter immunoadsorption of goldfish serum with the rabbit
anti-cGH sera or treatment with NRS (data not shown) .

The results of a preliminary experiment carried out in June and

.July, 1981, investigating the effect of rabbit anti-cGH serum on

37
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Gel filtration (Sephadex G-100) elution profiles

are shown for goldfish serum pools which had

> .

been immuneadsorbed with rabbit anti-carp growth

-

hormoﬁe serum (RACGH), treated. with normal rabbit

serum (NRS) or were untreated. For comparison,

125 .. . '
Na I and radioiodinated carp growth hormone
125 . N
(" 1-cGH, iodinated immediat®ly prior to

~

gel filtration, specifié activity 150 uCi/ug)

are also ‘shown. The void volume, (9 ml)
determined using Dextran Blue, is indicated by
the arrow. For additional dethils see MATERIALS

- . R '
AND METHODS. The stippled area represents ir GH

values which are less than the sensitivity of

{
the cGH RIA (i:e. 5 ng ir GH/ml).

~
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\relétive instantaneous growth rates in sexually regressed female
goldfish (GSI = 1.43 % 0.28%) ;re shown in Table 1.4. During the

+ 2 week control pretreatment periodf when all fish recgived twicé
weekly ip injections of NRS, growth rates averaged over.l2% per week
(all fish combined) and did not differ significantly either between
groups or within a group during this périod (Table 1.4). During
week 3, growth rates decli;eq significantly compared to that of the
previous week (week 2), in bogh'NRS and rabbit anti—cGH serum treated

\‘\. » -

‘goldfish. However, the fish treated with rabbit.anti—cGH serum
showed growth rates during week 3 which were also significantly re-
»duced in comparison wiﬁh those of week 1 (prétreatmént périod) and
the simultaneogs NRS-trgated fish at week 3. Duriné week 4 of the
experiment, the mean growth rate of the rabbit anti-cGH seruﬁ tregtgd
group recoverea to a v;lue (about 9%'pe£ week) not sighificantlyv
different from the pretreatment period. In a similar preliminary
experiment carried- out under comparable conditions, growth rates of’

NRS-treated fish (Nélli and fish which were uninjected (N=9) .did not

differ significantly over a 2 week period (data not shown).



TABLE 1.4

41

Effect of administration of rabbit anti-carp growth hormone serum
(RA-cGH) and normal rabbit serum (NRS) on relative instantaneous

growth rates in female goldfish.

¢ ~

« relative instantaneous growth rate
(3 increase per week)

pretreatment post-treatment

. weeks: 1 2 3 4
group N
« 1 2

NRS 8 : 11.23 i5.01 8.01 8.61
' + + + +

1.59 1.24 1.61 1.21

RA-CGH 4 11.17 12.04 2.55° 9.20
- t E: + =

0.86 " 1.26 1.94 2.09

"1 All data are X * SE and all significant differences are reported

below.

2 Significantly different coﬁpared to growth rates on week 3
(p < 0.01) and on week 4 (p < 0.025) of NRS treated fish.

3 significantly different compared to growth rates on weeks 1 and
2 (p s 0.05) of RA-cGH treated fish and of NRS treated fish on

week 3 (p < 0.05).
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DISCUSSION

The ¢GH purified by Dr. S.W. Farmer (see APPENbIX I) and used
throughout the present study shares many of ‘the physicochemical
proéerties of the GHs from a variety of mammalian and non-mammalian
species, including similar molecular weight, similar amino acid
composition, and simi%af behaviour in various chromatographic systems
and on disc gel electrophoresis. In addition to its growth-promoting
biological activity in the goldfish (see below), the‘cGH Cross=-
reacted in two well—studiéd GH RIAs (see APPENDIX I). These assays
have been shown to measure GH from a wide variety of species,
including three piscine GHs: ~rtilapia (Farmer et al{, 1976),
shark (Hayashida; 1973) ana sturgeon (Faruwer et aZ.; 1981) .

However, it is possible that carp PRL could also cross-react since
these RIAs also measure tPRL {(Farmer et al., 1977a). 1With the recent
purification of a carp PRL (Idler et al., 1978) and goldfish PRL
(Vodicnik et aZ.,l9%8; V. de Vlaming} unpu?lished resylts) it may, in

the future, be possible to test the teleost PRLs in these heterologous

. assays. ) ,

The yield of cGH was extremely low (75 mg GH/kilo, see
APPENDIX I) relative to that obtained from other'species (e.g. 1400 mg
GH/kilo for.£ilapia5. This may, in part, be due to the use éf aceﬁone—
dried pituitaries in the preseﬁt study, whereas fresh frozen pitui-
taries were used for the tGH purification (Farmer et al., 1976). The
low yieid of cGH may also be related to variations in the pituitary

)

GH content of the donor carp. Unfortunately, information on the age,



sex and condition of these fish is not known. Data presented in .
Chapter 4 demonstrate marked seasonal va;iations in serum ir GH levels
whiéh, if associated with similar variations in pituitary GH levels

as described for the perch'(Swift and Pickford, 1965), may also ex-
piain'the relatively low yield 6f GH obtained in the present study.i
It is also possible that carp 'GHs' were contained in other fractions

\
dﬁring the purification, although the lack of material precluded their
use in the bioassay émployed in the present study. In support of this
possibility, Komburdjién and Idler (1979) found severgl fractions, in
additioﬁ to their salmon GH, which had SZgnificant growth;promoting
>activity in hypox rainbow trout (alép see GENERAL INTRODUCTION) .
The biochemical and biological analyses used in the presént study

(see APPENDIXli), including PAGE, tegminal amino acid andlyses and gel
exclusion chromatography, all indicate that the cGH was obtained in a
vsuitébly purified form (see APPENDIX i) prior to biocassay. The
lbiological potency of the cGH was determined by measuring its growth-
promoting activity in a_élosely related Cypriniforme( the goldfish,
Carassius auratus. A dose ?f'L wg/g BWt of cGH caused a gignificant

)

(325%) increase in ins;antaneous growth rate, compared to control fish,
after only 2.ip injec¢tions at 3 d intervals. With both cGH and bGH,
the inérease‘in growth rates were not due to changes in watér conteﬁt
since the per cent moisture was not diffgrent between hormone-injected
and control fish. Furthermore, the increase in BWt resulting from
hormohe therapy was maintained after GH was withdrawn even though

growth rates had returned to control levels. Unfortunately, the amount

of CGH available did not permit the testing of multiple dosages to

43
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facilitate potency comparisons with DbGH. Furthermo;e, there was no
clear dose-response relationship established for bGH using the intact
géldfish. ‘Similagbdifficulties in determining the biélagical potency -
of teleost GH to a mammalian CH standard were also evident when both
the tilapia aﬁd salmon GHs were assessed for growth-promoting activity
.in homologous or 'near-homologous' teleost biocassays (Clarke et al.,
1977; Komourdjian and Idler, 1979). Nonetheless, the résults of the
present.study suggest that‘the cGH is approximately equipotent in
stimulating weight increa;és in intact goléfish when compared to bGH.
This suggests that the tGH (Farmer et al., 1976) and cGH of the
présent étudy are of similar biol&gical potency. However, it is
difficult to make a direct comparison in‘popggcy with the salmon’ GH.
(Idler et al., 1978)‘gince these authors utilized hypox instead off

\

3
intact rainbow trout and porcine GH as a standard in their bioassay,

and did not'reporﬁ the weight of fish used, making it impossible to

calculate welght specific dosages (Komeurdjian and Idler, 1979).
although the growth rates of the control and bGH lnjected fish durlng
the fifst 6 d of hormone'therapy of the present study is very com-
parable tg.similar studies using,intact cafp (Adelman, 1977) and
salmon (Higgs et al., 1977, 1978), there was a reduction in response
to both bGH and cGH with continued‘administration., This plateauing
effect is similar to findings previously repdrted for/both‘mammalian
(Li et al., 1959) and non-mammalian GHs (Wilhelmi, 1955; Kayes, 1977a;

Farmer ¢t al., 1977b), tested in heterologous bioassays. It is likely

that the continuous handling associated with the freguent injections '

of GH and morphometric¢ measurements is stressful and is, in part,
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reéponsible for the plateauing effect.‘ Whether or not the cGH was
antigenic in the goldfish remains to be investigated, although the
finding that bGH is not antigenic in several teleost species (Higgs
et ai., 1976, 1977, 1978; Markert et al., 1977) makes this explanation
unlikely. 1In spite of the limitations of the presént bioassay, there
can be no doubt that the purified cGH used in this study is potent in
stimulating‘weight gain in gdidfish. |

The cGH RIA developed in the present study was found to be
suitable for the measurement of serum ir GH levels in the goldfish.
The purified cGH showed competitive inhibition curves in the RIA which
were parallgl to serial dilutions of sera from a large number of gold-
fish.. Furthermore, sera obtained from hypox goldfish did not cross-
react in the RIA,iindicating the pituitary or pituitary-dependent
origin of the cross-reacting material in serum from goldfish with an
intact pituitary gland. The cGH RIA is sensitive enough to measure
ir GH in as little as 3 to 6 ul of goldfish serum, depending on the
experimental conditions énd season (see Chapter 4). Thé precision of
the cGH RIA.compares favourably with GH RIAs developed for other
species (Schaléh and Reichlin, 1966; Tsushima et al., 1971; Borer and
Kelch, 1978); with an qyerall 10% coefficient of variation (CV)
(average of within and between assay CV) in the useful range of
this RIA. .

To date only GTH, PRL and GH have been isolated from teleos£
pituitaries, resﬁricfing the specificity testing of the cGH RIA to
oniy these teleost hormones. The cross-reactivity of carp GTH in the

cGH RIA was of a very minor and nonspecific nature, and is not likely



due to GH contaminaticn of the GTH preparation since the inhibition
curve was virtually flat compared to the cGH standard. The finding
that the gqldfish PRL (see Vodicnik Gt.aZ., 1978) does not cross-—
react to an appreciab%e extent in this RIA is of considerable
significance in view of the biological, chemical and immunological
" data indicating similarities between GHs énd PRLs prepared from a
number of species (Nicoll, 1974; Hayashida et al., 1975; Farmer and
Papkoff, 1979). However, results obtained us%%g this goldfish PRL
préparation must be viewed somewhat cautiously, since the biological
properties of this hormone have not been fully evaluated (Vodicnik
et al., 1978). Nonetheless, antisera prepared aéainst tGH (Farmer
et al., 1976), salmon GH {(Komourdjian and Idler, 1979) and cGH
k(present study) do not éppear to cross-react appréciably with the
homologous teleost PRL, suggesting greater antigenic differences
between GH and PRL in teleosts than previously suspected. Further-
more, a number of studies also have shown a clear distinction beﬁweén
GH and PRL biological activity in teleosts (Doneen, 1976; Clarke
et al., 1977; Idler et al., 1978, Komourdjian and Idler, 1979).
While the isolation of larger quantities of teleost GH and PRL is
essential for a more preéise determination of ﬁhe biological activity
and specificities of thése hormones, it is interesting.to speculate
that the longer period of evolutionéry history of the teleost fishes
Arélative to tﬁét of the mammals has contributed to the greater
immunochemical and biological differences between thege two hormones.
Altﬁoughhother goldfish pituitary hormone preparations are

unavailable for testing in the RIA (see above), the dilution response

N
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curves for goldfish serum samples were parallel to that obtained for
the purified cGH. Moreover, ovulation, which is known to initiate a
marked surge in ir GTH in ﬁhe goldfiéhl(Stacey et az., 1979) had. no
effect on ir GH levels, and injections of dopamine, known to inhibit
PRL release in the_goldfish (Vodicnik et al., 1978) , caused either no
change or a significant increase in serum ir GH levels (see Chapter 2).
Taken together, the results outlined above strongly suggest that cross-
reaction of PRL, GTH and other pitujitary hormones in the cGH RIA is
either of a very minor nature or nonexistent.

ﬁone of the mammalian GHs or PRLs that haye been tested in either
the cGH RIA (present study), tGH RIA (Farmer et al., 1976) or tGH RRA
(Fryer, 1959) have.produced appreciable_cross—reaction,‘even when
assayed at very large doses. While thgse findings do not address the

important question of assay specificity with regard to the teleost

«

pituitary hormones (see above), they indicate -major immunological
differences between the mammalian and teleost G support of
this, antisera produced against a variety of mamu.:iian protein hormones

I -
‘1 ¥ I

show immunocytological cross-reactivity with teleost pituitary cells .T%
only at very larée concentrations (e.g. 1:5 to 1:20 dilution)

(Emmart et al., 1966; Emmart, 1969; McKeown and van Overbeeke, 1971;
Aler, 1971). The finding that teleost GH is relatively inactive in
mammals (Farmer et «l., 1976; see GENERAL INTRODUCTION) but that
mammalian GHs are approximately equipotent with telgost GH when

assayed for growth induction in fishes (Clarke et al., 1977;

o~

Komourdjian and Idler, 1979; present study) suggest both similarities

F
O



‘&

48

and differéneces in specificity of GH activity between these verte-
brate groups. In gspite of the strong biochemical evidence
demonstrating that the structure of GH has been congerved during
evolution (for review: Farmer and Papkoftf, 1979), available results
do not permit generalizations regarding immunological and biological
relatedness among GHs from mammalian and teleost species

Based on the preliminary results from the RIA ogwserum from a
variety of fish species, the present study indipates that the <GH RIA
may be used for species other than goldfish. Furthermore, the finding

o .

that serum from coho salmon and tiiapia, but not rainbow trout,
showedvslopes of inhibition in the RIA which did not parallel the cGH
standard suggests that there are both immunochemical differences in
circulaping GH among even closely félated teleost species. The
finding that perch pituitary‘extract (Farmer et al., 1976) and gold-
fish serum (S.W. Farmer, personal communication) do not cross—-react in
the tGH RIA also suggest immunochemical differences between these
teleqsts. Additional studies including RIA of serum from a greater
variety .of fish species are required to determine whether or not

there is any GH immunochemical phylogenetlc pattern among teLeosts

_USince serum from the three Cypriniforme«species (carp, goldesh aﬁﬁ

.

sucker) and the rainbow trout showed parallel slopes of thlbitlon 4n
the RIA, it is possible that valid GH measurements cah be %adglin' $f &

serum samples from these species. It is importantdto noteahpweyef, i

4 ¥
R R

that immunochemical parallelism between serum and the purffiéd CGH

standard provides only the initial step in determlq&ngﬁghe valldlty

of the GH measurement by RIA. In the present study
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specificity testing was accomplished using goldfish and carp
pituitary hormones in the RIA, immunohistochemistry applied to
goldfish pituitary sections, biochemical separations of gold-
fish serum and by testing serum from hypox goldfish. PFurther
investigations are required to determine whether or not the oGl
RIA can be utilized for the measurement of serum GH levels in speclies
other than.goldfish. *

In contrast to results»obtained using serum, goldfish pituitary
homogenates did not cause a parallel inhibition slope in the cGH
RIA, which precludes the measurement of ir GH in crude goldfish
pituitary extracts. However, the present study has demonstrated
that the nonparallel displacement curve is due to the‘presence of
a pituitary substance}s) that is adsorbed to Concanavaline A, which

N
if removed using the descfibed separation system establishes a
parallel slope of inhibition. Sincé the other tests of specificity,.
including ultrastructural immunocytochemistry (see below) and
RIA testing of other goldfish and carp pitugiary hgrmones (see
above) support the‘validity of pituitary GH measurements in gold-
fish, the Concanavaline A separation may be used for the deter-
mination of goldfish pituitary\;n\GH#;evels. It is possible that
o (S :

the relatively small and variable ‘contribution of the goldfish
Concanavaline A-adsorbed pituit;ry material cross-reacting in the RIA
prevented its ultrastructural localization using the PAP immuno-
cytochemical method (see below) .Pternatively, the cross-reacting
méterial may be a component of the‘GH granules of somatotrophs_stainedA

by the PAP reaction which may contain a glycoprotein moiety that is

not released into the circulation. It is interesting to note that in



‘contrast to goldfish\pituitari éxtrééts, carp pituitaryrextracts have
-~ i ¥ .

1
'

parallel slopes of inhibition in the cGH RIA, emphésizing the impor-

tance of carefully determining the Suitability of a RIA for even

- closely related species.‘ 1

Furthgéltesting of‘the specif;city of the cGé‘RIA based dn

‘results obiained using e PAP immunocytochemical‘teéhﬁique
(g?ernberger 2t qZ., 19&07 Mdriarty, 1976), confirmssand extends those
obtained: by RI& (see above) . IdentifiCation of the presumptive
somatotrope celt% in the goldfish pituitary'wés based on the location
of thé cells withih the pituiﬁary and by ultrastructurél criteria
detailed by Leatherland (1972), Négahama (1973) and|Kayl and vollrath
(1974).' B;iefly, the somatotrope cells of the goldfish pituitary may
be recognized by their overall oval or pyramidal shal e with a roﬁnd
or oval nucleus and electron dense granules which ar¥ latgdr than
those in PRL cells, together with an extensive and p%larized RER.

Thé specificity of the staining reactiqn was demonstr¥ted»by the find-
ing that absorption of the rabbit antigégrp GH serum \ith CGH, but
‘not goldfish .PRL, abolished the staining reaction onit é GH “granules.

This finding is in agreeﬁent with results deﬁailea above in which

goldfish PRL‘was‘showp not to cause appreciable cross-r.activit; in

§ < T : .
the cGH RIA. In addition, all methodological control procedures
supported the validity of £he PAP‘ultrastructurai method using the
rabbit anti~cGH serum for stainingggoldfish‘GH grénuleS. Since only
the presumed somatotrope cells of thengoldfish pituitar; reacted with

thé'rabbit-apti—cGH sérum, the specificity of the RIA for only gold-

fish GH is further supportea. It is also important to note that the
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i that used

rabbitianti—cGH serum was used at dilutidhs cdmpara
in the RIA (see MATERIALS AND METHODS), and that the seﬂzitivity of
gthis PAP technique is repérted to be at least aé great as for the RIA
(Petrali et al., 1974). .It—must be noted, however, that the cGH RIA

is, in the present study, employed primq-""?zor the measurement of g

serum, and not pituitary, ir GH.leveLig g#1dfish. If the

. P -
piﬁuitary and circulating form of GH in goldfish differ in their
immunological and/qr biological prbpérities, as has been guggested
.for the rat (vodian.and Nicoll, 1977) and goldfish (see’discussion
cohc;rning Concanavaline A separatioﬁ of goldfish pituitary homogenate),
then u;e of both the PAP technique and RIA for testing the immunologi-
cal specificity of goldfish pituitary hormones may nct Be relevant to
the guestion éf possible crdss;reactivity of circulating hormones.
However, the'resuk§s Of'the‘immunoadsorptién of GH from goldfish
and subsequent chrogétography on~Sephadex G-100 demonst;ate the
siﬁilarity, aﬁ least in-terms of size, of the serum ir GH and the cGH.
Standégg, Furthermore, since serial dilutions of goldfisﬁ sergm‘show
RIA\LA;ibition\éurves which parallel that of purified cGH (see ébove),
the immunological similarigy between the circulating and pituitary
form of goldfish GH is suppér?ed.v Without highly purified hormones
isolated from goldfish serum, the results described above'stréngly
support the specificity of the cGH RIA for measurement of serum .GH
in goldfish.

A preliminary‘e%be}iménﬁ showed that twice weekly ip injections

of anti-cGH serum caused significant decreases in growth rates in

goidfish after 1 week of treatment. It is likely that neutralization

51



4

of endogenous circulating goldfish GH by the rabbit anti-cGH serum is
responsiple for the observed reduction in gfowth; These results as-

_sume some significance in light of recent investigations of the

P

relatioﬁships between cifculating levels of immunoreactive and

biologically active GH (Vodian and Nicoll, 1977; Russell et al., 1980)

9

which emphasize.that RIA makes an immuﬁolpgical measuremeft (i.e. dis-
placemént of radiolabeled hérmone from antisera) of é presumed |
biologically active hormone. 'Thes? resuité, in conjunc?ion with those
of .the specificity tests detailed abqve, indicated that endogenous

goldfish GH shares immunological degerminanté with the cGH and the

g

.anti-cGH serum used in the cGH RIA. However, theffinding that there

was no significant reduction in growth Xate during the second week of

rabbit anti-cGH treatment is difficult fo explain. It is possible

7

that rabbit anti~cGH serum is antigenit in goldfish or that endogenous

GH secretion was greatly increased after continued administration of

this antiserum. Although additional studies réquiring larger amounts

-~

of antiserum for injections of greater numbers of fish over a longer

period of time are needed, this preliminary experiment suggests tha{/

Es

the rabbit anti-cGH serum used in the RIA binds biologically active

circulating GH in goldfish. i

An attempt was also made to correl RIA (present study) and -

v

bioasséy (Adedman, 1977) estimates of GH content .of pituitaries
N » .

collected from two separate populations of carp at different times of
the year (I, Adelman and A.F. Cook, unpuplished results). However,
the absence of significant seasonal variations in bioactive pituitary

GH content in carp (I. Adelman, unpublished results) and the

\

3y
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variapility of the carp bioassay made it possible to establish a
statistically significant correlation between the biocassay and RIA
results Lr = 56.4%, N;7, P <MO.05) for only one set of samples

" (I. Adelman and A.F. Cook, unpubiished results) . Unfortunately,
availeble teleost bioassays are neithet'sensitive nor precise enough
to heasute serum GH levels. The question of whether the cGH RIA
measures circulating biologically active goldfish GH is studied by the
experlments described in Chapters 3 and 4.  Briefly, these studies
directly and indirectly establlsh pOSlthe relatlonshlps between the
serum‘%r GH level‘and the growth rate of the goldfish.. In Chapter 3,
lesioning the nucleus preopticus periventrioularis’resulted in both an
increased weight gain and serum %r GH levels in goldfish, whereas
lesions not affecting weight changes had no effect on serum ixr GH
levels. Furthermore, serum ir GH levels show a’seesonal pattern in
‘both gOldfish‘and suckers, withﬁelevated circuleting ir GH ievels
occurring afterbthe.epawning;period, when growth is most rapid (see
Chapter 4). ‘ | . |

In summary, the cGH RIA described in the present chapter is both

‘precise and sensitive and appears to measure Serum ir GH free from inter-

ference from other hormonal and non-hormonal substances. Furthermore, -

the specificity'of the cGH RIA for measurement of serum GH in goldfish

~

has been shown in the present study, to a degree greater than that
demonstrated for any other RIA for a teleost pltultary hormone
(Breton et al., 1972; Crim et al., 1976; Farmer et aZ., 1976 Hontela
and Peter, 1978). It is apparent then that the cGH RIA prov1des a

T

valid means of studying the ph 1olo§ of circulating ir GH levels in
p %f y

goldfish.
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Chapter 2. THE EFFECTS OF SOMATOSTATIN AND MONOAMINES ON SERUM
'GROWTH HORMONE LEVELS IN THE GOLDFISH, CARASSIUS
; ik

AURATUS o

INTRODUCTION

i
i

The participation éf the catecho{aminergic ;ystem of the brain in
the central regulation of GH release is established in several o
mammalian speciesu(Ganong, 1975; Ruch et al., 1977; Edén et al., 1979).
’Catecholamines appear to influence GH secretion by way of central
sites, gffecting the hypothalaﬁigiﬁeurons which produce somatogtqtin
(SRIF, also known as somatotropin felease—inhibiting factor) and/or.an
~ as yet unidentified GH releasing factor (GHRF) (Martin, l9i6; Martin
et aZ.,‘l978; Weiner and Ganong, 1978). For exam%le, in the dog,

Ly
adminiéifation of the amino acid precursor of catecholamines, di-
hydfbxyphenlalanine (ﬁ—DOPA) increases GH secretion by an action inside
the blood-brain barrier (Lovinéer’et al., l976).,fConsiderable evidence
. suggests that L;DOPA increases‘GH éecretion in the aog by its subse-
quent conversion to no}epinephrine (NE) and not to dopamine (DA) or
ﬁépinepﬁrine (E) (for review: Weiner and Ganong, 1978). Furthermére,
» intraventricular injections of ﬁﬁ and the ceptral acting a—agon%sf
clonidine also increased GH levels while the a-receptor antagbnist
'phentolamine reduced GH levels (Lovinger et al., 1976) . Afthough it
is not known whetherML—DOPA increases GH secretion by decreaging SﬁIF
or increasing GHRF secretion, evidence obtained from the rat (Durand
et al., 1977}, cat (Ruch et al., 1977X, baboon {(Steiner et al., 1978)

" and human (Lal et al., 1975) also are consistent with an a—adrenergic

&
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mechanism for stimulating GH secretion. Since intravenous administra-
tion of anti-SRIF -serum increases basal GH levels, there .is at least
some degree of basal SRIF secretion (Ferland et al., 1977), and it
may be that NE reduces SRIF release to cause the increase in GH
secretion. . \\

In contrast to the situation in mammals, very few studies have
investigated the possible effects of either monoamines or SRIF on GH
secretion in teleost fishes. A major obstacle in this area of compara-

e B

ti&e endocrine research has been. the lack of an aésay'suitable for the
measurement of serum GH levels in non-mammalian vertebrates. A
validated RIA technique for measurement of serﬁm GH has begn reporéed‘
for the bullfrog Rana catesbeiana (Clemons, 1976), and a rgdiorece?tor
asséy (RRA) suitable forrthe measurement of GH released erﬁ
Sqrotherodon mossampi.eus pituiEariés cultured in vitro has béén
described (Fryer, 1979; Fryé; é% aZ.: 1979). Chapter 1 describés a ,
RIA for GH in carp, Cyprinus carptio and goldfishh“Carassius auratus.
SRIF has beén shown to inhibit GH re;eased into the“culturek
mediuﬁ from pitpitary glands of the teleost fish, tiiapia (S.
mossambicus); as megsure& by RRA (Fryer et al., 1979) . At concentra-
tions of 0.1 to 2.0 Hg per ml incubation medium, SRIF produced a
dose—dependent/inhibitioﬂ of GH release;‘the highest‘concentragion of
SRIF (2.0 ug/ml) producing an 80% inhibition éf GH release cbmpared
‘with céntrol values (Fryer et al:, 1979). 1In addition, SRIF has been
4measured by RIA in brain éxtracts'of S. mossambicys (King and'Millar,

1979) and the éatfish and-hdgfisha(Vale et al., 1976). Furthermore,

the teleost SRIF is immunologically and chemically very similar to, if
[
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not identical with mammalian synthetic SRIF (King and Millar, 1979).
Using immunocytochemical procedures Dubois et al. (1978, 1979) have

demonstrated the presence of SRIF in the pituitary and hypothalamus

£ . , : . . .
of riyﬁbow trout, Salmo gairdneri. While it is certain that SRIF 1s
present in the hypothalamus of fishes and that SRIF can inhibit GH

releasefpnpm tilapia pituitary glands cultired in vitro, it is
CAYe ‘ o

W

essentiéilto,determine the effect of SRIF.on serum GH levels in intact
fish before postulating a role for SRIF in the regulation of GH
secretion in teleosts.

_The present study was designed to determine the effect of sever-

v

/ : .
aL/doses of SRIF on serum ir GH levels in goldfish and to determine

the time-course of the reéponse3 Althougﬁ>s§verél studies have
employed histochemical p;ocedures to demonstrate mono;mines in the
'braih and hypothalamus-of sevéral,spécies of fish (Baumgarten and
Braak, 1967; Terlou et al., 1978), there is no publishediinformatiqnv
coﬁcernihg the possiblé influence of monoamines:on either SRIF or GH
Secretgbnbin'this vertebrateugroup. Thereforé, the present study also
invéstigates-the effect of a;variety of monoamines ana related .drugs

and their interaction with SRIF on seruﬁ ir GH levels in goldfish, to

gain insight into the neural regulation of teleost GH secretion.

3
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MATERIALS AND METHODS

I. General Procedures
The source and genverairocedures for the handling of, and method
of anaesthesia of goldfish were as described for the cGH bioassay -

(see Chapter 1).

II. Experiments

Somatostatin Experiments
Sexually mature male goldfish (27.38 # 0.56 g BWt, X * SE,
Experiment 2.1; 36.77 2 1.09 g BWt, Experiment 2.2; 32.01 * 0.94 g BWt,

Ekperiment 2.3) were acclimated to conditiogs of 12 + 1°C and a 16L:8D

light-dark cycle (iights on at 08:00 hr) for a minimum oé 2 weeks. All
éomatostatin exp‘er\iments and the cémbinatiqn e‘periment (seé below) were
dorte in May aﬁd Juﬁé. The fiéh wére fed Ewos size 5P pellefs twice or
three times daily at differeﬁt times during' the photophase, except that
food was withheld on the day of, and the day prior té biood sampling
(see below). At the start of each experiment the fish were individuéily
tagged ana weighed (see Chapt%i 1) .and é pretreatment blood sample
taken. The method of éampliﬁg and pr?paration of serum for subsequent
RIA analysis were as described by Coé% and Peter (1980). The initial
(pretﬁgatment) blood sample (90 to. 110 ul volume)'was'taken from all
fish at 20:30 to 21:00 hr, immediately priér to the first ip injection
of éitﬁer physiological saliﬁe (PS; Burnstock, 1958) or the experi-~
mental solutions described below. A second ip>injection was given 12

hr later at 08:30 hr and each fish was bled at 1.5 hr in Experiment

2.1, and at 1.5, 6 and 24.hr'followipg the second injection in
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Experiments 2.2 and 2.3. After the final blood sample, the fish were
killed in excess anaesthetic, weighed and the gonads were removed and
weighed.

| The SRIF used in Experiments 2.1 and 2.2 was synthesized by
Dr. J. Rivier and genefously supplied by Dr. W. Vale of the Salk
Institute, La Jolla, CA, whereas for Experiment 2.3, SRIF was pur-
chased from Beckman Instruments Inc., Pald Alto,-CA. .Thyrotropin-
reieaéing hormone (TRH) and Substance-P were also obﬁained from
Beckman instruments Inc. All solutions wére.prepared immediately pri-
or to use énd the vehicle used for dissolution and injection of
neuropeptides was alsé PS. 1Ip injections were admini§t¢red i a
volume of lo.pl/g BWt using a 250 ul Hamilton syiinge fitted with $ 

o

27 gauge needle. The dosages of neugopeptides used;in Experiments

4

2.1, 2.2 and 2.3 are included in Table 2.1 and the figure legends to

N

Fig. 2:;1l.and 2.3, respectively.

Drug Experiments

Female or male goldfish wer# acclimated fog at least ﬁwé Weeks.to
12 + 1°9C, and either a 12L:12D or 16L:8D light-dark cycle (1i§hps on
at’OB:OO hr).‘ On the day of drug administration feeding was withheld
and all injections and bloga sampling was performed thweén 08:30 and

14:30 hr. Alpha-methyl-paratyrosine ester HCl (AMPT), DA, NE (NE:HGL),

reserpine and L-DOPA were purchased from Sigma (St. Louis, Missouri,

>
- F

U.S.A.). Clonidiné HCl and phentolamine%FCl were kindly donated by
Boehringer Ingelheim Ltd., Ridgefield, CT, U.S.A. and CIBA-GEIGY

Canada Ltd., Dorval, PQ, Canada, respectively. Thegeg drugs were
. Py e
9

pl
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administered as a solution or as a suspension in a §ehicle of acidi-
fied 0.7% sodium chloride with 0.1% sodium metabisulfite. Ip
injections of drugs were made with a 1 ml syringe fitted with a 27
gauge needle. TheMNtimes of blood sampling relative to that of
injection are included in the appropriate tables (see RESULTS,

Tables 2.2 to 2.10}.

Combination Experiment

Sixty-seven male goldfish (24.60 * 0.57 g BWt, X t SE) were
acclimated for 18 d in 96 £ flow-through aquaria (14 to 18 fish per
tank) at 24 * 2°C under a 16L:8D light-dark cycle (lights on at 08:00
hr). The fish were fed as described above and feeding was withheld
on the day prior to and the day of blood sampling. To start the
experiﬁént”fish were individuélly tggged and weighed and a-pretréat-
ment blood sample wagEtaken as described for the SRIF experiments
(see above). Immediately following, and at 12 hr.after fhé pretreat-
hent blood sample, each‘fish'was injected with one of the solutions
described below. SRIF (1 ug)g BWt;\obta%ned‘from Boehringer Mannheim,
Dorval, PQ, Canada), L-DOPA (50 ug/g BWt; Sigma), 2-(3,4 dihydroxy-
‘benzyl) 2 hydrazinopropionic acid (CARBIDOPA, 50 ug/g BWt; kindly
'donéted by Merck Frosst Laboratories, Dorval, PQ, Canada), SRIF and
"L-pOPA (1 ng/g BWt and 50 ug/g BWt, respectively) and L-DOPA and
CARBIDOPA (50 pyg/g BWt for each drug) were all dissolved in PS
immediatelyzprior to use, and injected ip in a -volume of 10 pl/g BWt
as described for'th;_SRIF experiments.‘ Control fish were injected

with an equivalent volume of PS., Post-treatment blood samples were



taken at 1.5 and 24 hr following the second injection and the serum

was processed’ for the c¢GH RIA in the usual manner.

, ~
I4

I1I. carp Growth Hormone Radioimmunoassay

Details of the cGH RIA are as described in Chapter 1.

IV. Statistical Analyses
Somatostatin Experiments
Analysis of variance and Duncan's multiple range test at p < 0.01

were used to determine differences between groups at each of the ’

1
1

sampling times (Steel and Torrie, 1960).;;The raw data were nprmalized
using a logarithmic traﬁsformation prior to statistical testing.
Paired t-tests (2-tailed) were used to compare serum ir GH concentré-
tions of pretreatment and post-treatment samples from individual fish

within experimental groups (Steel and Torrie, 1960).

Drug Experiments | .

For comparison of the gffects of a single drug on serum ir GH
levels, either_the.Student's t-test (2-tailed) or, if the variances
were significantly different as indicated by Bartlett's x2 test, the
. Mann~Whitney U-test were used (Steel and Torrie, 1960). The effects
of several doses of the same drug were assessed using analysis of"

variance and Duncan's multiple range test at p < 0,0l.

)

Combination Experiment

The Student's t-test or Mann-Whitney U-test (see above) were used



»

for comparison of mean serum.ir GH levels of each treatment group with
that of the vehicle eontrol group. The ir GH data were nokmalized
using a logarithmic transformation prior to statistical testing. The
paired t-test was used to compare an serum ir GH levels at 1.5 and

24 hr following the second injectibn with that of the presample value.

All signifjcance levels reported in Table 2.11 are 2-tailed.

-y

6l
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RESULTS

Somatostatin Experiments . BRI

' 4 e b

TaBle 2.1 summarizes the effects of two ip injections, give&,lZ 3

hr apart, of either SRIF, TRH, or Substance-P, on serum ir GH levels

EN

in sexually‘ﬁature malé goldfish (GSI = 3.68 i.0.23%) (Equgiment 2;1);
Of theypeptides tested, only SRIF (1 ug/g BWt) had a significant ~
effect, decreasing serum ir GH levels by 56% at 1:5 hr following the
second injeétionIQTable 2.1). Fig. 2.1 illustrates the results of
E#periment 2.2; describing the time-course of inhibition of serum ir

GH levels in sexually mature male goldfish (GST ; 3.39 + 0.29%) after

2 injections of SRIF (1l ug/g BWt) given 12 hr apart. SRIF caused a
significant décrease (p < 0.01) in serum ir GH-levels compared to both
presample and vehicle-injected c&htrol values at 1.5 and 6 hr follow-
ing the second injection (Fig. 2.1). At 24 hr following the second
injection there was a significant rehgund to levels that were more

than twice those of presample control values. Fig. 2.2 illustrates

thé effect of SRIF on seruﬁ.ir GH’levels in individual fish before and
after SRIF treatmént (Experiment 2.2, same data as Fig. 2.1). It'is

~ apparent that the inhibitory action of SRIF on mean serum ir GH levels
(Fig. 2.1) is’due4£0'a decrease in the serum ir GH levels of fish that
had elevated levels {(ca. > 25 ng ir GH/ml serum) at the time of the
pretreatment. sample (Fig. 2.2). TRH (1 ug/g BWt) caused a significant
increase in serum ir GH levels af 24 hr, but not at 1.5 or 6 hr

after the second injection compared with both pretreatment and vehiéle—

control values (Fig. 2.1).

62
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TABLE 2.1
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The effect of two intraperitoneal injections ofTsome neuropeptides
given 12 hours apart on serum immunoreactive growth hormone (ir GH) |
levels in the goldfish at 1.5 hours following the second injection .

(Experiment %ﬁ;).

»
treatment dose N ng ir GH per ml serum
{(ug/g BWt)
vehicle -- 15 31.04 2.411 . b
r’
TREZ ' 1 ug/g 9 27.17 + 4.05
3 4
SRIF 1 vg/g 10 17.31 + 2.64
Substance-P 1 ug/g 10 28.38 + 3.39
, LN “ . =
' @
1 n:_:lel data are X * SE.
2 \bSynthetic porcine thyrotropin-releasing hormone.
'3 " 'Synthetic linear somatgstatiﬁ.
4 nSighificahtly different compared to vehicle control value

ip*< 0.01). ©



Fig. 2.1.

AN

O

(Experiment 2.2). The effect of synthetic linear

somatostatin (SRIF, //////////////, 1.0 ug SRIF/g
' 1 3 B AF‘ ¢
BWt, N=18), synthetic thyrotropin-releasing hormone

(TRH, e p l.O(ug\TRH/g BWt, N=12), and

physiological saline. (PS; : , 5 ul/g -

~

: % .. .
BWt, N=18). on serum immunoreactive growth hormone

(ir GH) levels in male goldfish. All fish were

sampled immediately prior to the first of two

-

;ﬁtxaperitoneal injections given 12 hours apart
(plesample, p) and at 1.5, 6 and 24 hours following

the second injection. The values shown are X * SE.

Paired t—tEsp usiné log-transformed data
{(p < 0.01). - .

PS p 6 24 1.5
SRIF:, . 1.5 . 6 p 24
TRH p 1.5 6 24

ANOVA and Duncan's multiple range test using
log-transformed data.(p < 0.01).

£y - #

p TRH SRIF PS
/1.5 : 'SRIF  PS. TRH -
6 . SRIF PS ‘TRH

24 PS TRH SRIF
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Fig. 2.2.

s
<

3

(Egperiment 2.2). Changes in serﬁm immuno-
rga;tive‘growth.hormoné (ir GH) levels in
igimale gdléfisb before and after two
injectioﬁs.of'somatostétin (1.0 ug SRIF/
é,BWt), giyénulzuhqurg‘ééart. .The post-
Ereatment sample_waé t;ken at 13.5 hou;s after
the presample ana'l.S hgprs after the:second

SRIF injection (same data as in Fiq. 2.1).
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Fig. 2.3 shows the results of 2 injections of either 0,1, 0.5 or
1.0 ng SRiF/g BWt given 12 hr apart in sexually mature male goldfish
(GSI = 2.96 * 0.37%, Experiment 2.3). Both 1.0 and 0.5, but not 0.1
ug SRIF/g BWt caused a'significant decrease in serum ir GH levels at
1.5 hr’fbllowing the second injection compared to the presample con-
trol mean value; Both the highest and intermediate doses of SRIF also
caused a significant (p < 0.0l) rebound increase in serum ii GH levels
at 24 hr following.the second ihjeétion. Interestingly, although the |
lowest dose of SRiF (o.iug/g-Bwf)causéd a.signiﬁicant decrease in serum
ir GH.levels compared to the vehicle, but not presample control
group at 1.5 hr’followiﬁg thé second inje;tion (but‘see below), this
dose Qas éssqciated with a rébéund i&E&gase at 6 hr following the
second‘injeétion (Fig. 2.3). Although a vehicle control gpbup (N=10) | g

[

was included in Experiment 2.3 (data not shown), the presample serum

A
AJ"

gaq;tion to the 1.5 and 6 hr values, of thisfgroup
o . &f
" were significanﬁly‘qréatgr than those of the 3 SRIF-treated &roups,
* ‘{.,‘X i )

>

ir GH value, in

: . ) ‘V{\s . .
obviating statistidcal comparison ‘with#hthls gwroup.

i
£ w2,
¢ . @'t

&

Drug Experiments

The effects of NE on serum ir GH levels in female goldfish*were
different when results of experiments pexformed‘bétween'Navember and
March were comparedgwith those oflMaé‘and June. - Tableé 2.2, 2.3, 2.4,
2.5 aﬁd.2.§ sﬁmﬁarize,the rggults of a se#ies ;f experimentsrqonducted'
between Novémber'aﬁd garch; Tables 2.7, 2.8 and Fig. -2.4 are from the
* May and June experiments. | |
ﬁFn Marchi injection of NE (1 and ibb pg?é BWt) caused a

e . B N



Fig. 2.3. (Experiment 2.3). The’éffect of three doges.of
p ;synthetic linear soma;ostatin (SRIF) on serum
immunoreactivg growth hé&ﬁone (ixr GH) levelsAiﬁ,
male goldfish. All fish wifre samp;gd imme@iatgly
‘ prior to the first of two intraperitoneal gﬁ
injections given 12 hours apart (presample, p) and
at 1.5, 6 and 24‘hours following the second |
injection. The values shown are X + SE.

P}

. S “eme= 0.1 hg SRIF/g BWt . N=10
. e B

Fﬁ
i
o
=4
Q
wn
P2y)
=
&

B

. ing log-transformed data (p ¥ 0.01).
X P 6 24
6 P 24
1.0 1.5 P 6 24
ANOVA and Duncan's multiple range test using
log-transformed data ?b < 0.01).
P . 1.0 0.1 0.5
. 1.5 -~ 1.0 0.1, 0.5
e iw ’ . i
. ' 3
é(:/ 1.0 0.5 0.1
24 1.0 0.5 0.1

. . . i
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significant increase (p < 0.05) in serum ir GH levels at 1 hr post-

injection in female goldfish (Table 2.2); however, this effect was not

9 .
]

dose-dependent, and the dose of 10 ug NE/g BWEldid not céusé a signi-
ficantjincrease. Although 1 ug NE/g BWt caused alsignificaht.increase‘3
in serum ir GH levels 1 hr post-injection (Table 2.2), the same dose
of NE had no significanE effect at 6 hF pOsf—injection in a separate
: experimept conducted in January (see TaQIEJE.é).
fhe ao—adrenergic agonist clonidine (30 ug/g BWt) resulted in
elevated serum ir+'GH levels at 6 hr posp—injection in an experimeht in

‘ 5
February, 1980 (Table 2.3). In a separate experiment carried out in

- January, injection of 300 ug clonidine/g BWt resulted in significantly

"eiévé%eﬁ serum ir GH leVels compared with the vehicle control group at
both 2 and 6 hr post-injection (Table 2.3)\. Table 2.4 sumarizes the
results of 3 separate experiments on-the,effééts of & éinélé“injéctiéhq
of the catécholam;ne éYnthgsiS'inhibitor AMPT on sefum ir GH ievels in
feméle goldfish. Althoughka dosé of 5 png AMPT/g BWt resulted in'a
significant decrease in serum ir GH leyels at g’'hr postjiﬁjection in
November, administration of 100 ug AMPT/g BWt in January had no.
significantweffeét. In February 300 ug AMPT/g BWt caused a marked
inhibition at 2 hr éost-inji un iﬁ both the mean and range of serum;-
ir'cH leﬁels}yhen compared wii:. the vehicle con%rol group (Table 2.4).
In one experiment conducted in February, phentolahiﬁe (5 wg/g BWt)
caused‘a significang inhibition of serum ir GH levels in female goldf
o _
fish {Table 2.5); whereas in a separate~ex3eriment, also conducted in
February, thé same dose -of bropranolol had no significant efféct,on'

~

serum ir GH levels (Table 2.5). Reserpine was without effect at the

71



TABLE 2.2

€

Effect of a single intraperitoneal injection of norepinephrine (NE)
on serum immunoreactive growth hormone (ir GH) levels 1 hour post-
injection in female goldfish acclimated to 12 % 1°9C and a 12L:12D

light-dark cycle (11 March, 1980).

treatment dose N ng ir GH pef ml serum
1 (ng/g BWt) i}
vehicle - 11  18.99 + 1.62%
. ‘ &
NE.,, oo 1.0 10 B 28.74 + 2.23
o P NT "/1 .
NE  .10.0 10 20.77 £ 1.77
OV ]
NE &3 1 100.0 10 33.35 * 3.92
i
W
™~

.

N

A

. v N
1 All data are X i\é?.

X
Results of analysis of variance and Duncan's multiple range test.

v . 10 1 100 p < 0.0l
»
N v 10 1 100 p < 0.05
e
C 4
\\,M
».
{ .
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' *
single dose and Sample time employed (see Table 2.6). .
In contrast to the results obtained between November and March,

both 0.1 and 1 yg NE/g BWt caused significant decreaées in serum ir GH
. : ‘ oo , .
levels at 0.5 hr post-injection in female goldfish acclimated ‘to

13

12 + 19C and a 12L:12D light~dam ‘cycle in May (Table 2.7). In a
comparable expé;iment using goldfish acclimated to 12 % lOC and a

16L:8D light-dark cycle, both 10 and 100 ig but not 1 pg NE/g BWt
. . , -
caused sigr
(

post-injectlon in female goldfish (Table 2.8). Fig. 2.4 dermonstrates

ificant reductions in mean serum ir GH levels at 0.5 hr

that the sjehificant inhibition of NE on serum ir GH levels .in May
ana June (is transient, beginning at 0.5 hr and ending between 1 and
2 hr post injection; there wasino significant difference between
vehicle and NE-tIeated fish at either 2 or 6 hr post-injection.
Tables.2.9 angd 2.10 show the results of a single injection of
either L-DOPA ér DA on serum ir GH levels in female goldfish acclima-
ted to 12 + 1°C and a 12L:12D light-dark cycle. Except for the 10 ug
L-DOPA/g BWt group,. all dosaées of L-DOPA, from 50 to 200 ug/g BWt,
significantly increased (p < 0;01) serum ir GH 1€Vels in a dose-
dependent manner at 1 hr post;injection (Table 2.9). 1In a separate
experiment L-DOPA (100 ug/g BuWt) also elevated serum ir‘GH levels at -
6 h* post-injection (mébie‘z.g). Table 2.10 shows that all three
doses of DA tested (1, 10 and 100 nug/g BWt) caus;d signifié;gé in-
é}eases (p < 0.01) in serum.ir GH levgls at 1 Pr post~injection,
although there was no evidence of a dose—rqsponse pattern. In a

separate experiment DA (100 ug/g BWt) had no detégtable effect on

serum ir GH levels at both 2 and 6 hr post—injection (Table 2.10): .

-
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Fig.

2.4.

o,

£

The effect of norepinephrine (NE) (--=—--- Z—-——)

and physiological.salinek(PS) ( ) on
Serum‘ﬂhmunoreactide growth hormone (ir GH) levels
in female goldfish acclimated té 12 + 19C and a
l2L:i;D light-dark cycle. The experiment was done
in"Juﬁe, 1980. Values shown a;e the X * SE of 10
fish at each saﬁple’time. The NE-treated fish

had significantly (*) reduced (p < 0.05) serum

ir GH levels at 0.5 and 1 hr post-injection com- 2
pared tolvehiclercontrolxgrgup (Student's t-test)..
Results of énalysis of variance and Dﬁncan‘s

multiple range~fest (p < (7.Ql) are shown below

(groups joined by underline are not significantly

)

different).
PS 0 1,7 0.5 6 2
>
j‘ -
NE (100 pg/g 1 0.5 6 on, 2
BWt)
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In a third experiment completed in November, 1979j 1 ug DA/g BWt had
no significant effect on serum ir GH levels at 6;or 24 hr post-
injection compared to either the presample or vehicle control value.

¢

Combination Experiment

The results of an experiment cCury ing the effects of two ip
Ld K ¥ .

¥ PR S .
s"m,»j\ ’ ‘_ :;’l et ’
injections (12 hr apart) cf ébmhkﬁﬁgidﬁu” ¢RiF, L-DOPA’ and CARBIDOPA
. i R p . ?’}*f@:@; , R
are*shown in Table 2.11. SRIF ug/g BWe) caused a significant

. 1 N N
reduction in serum ir GH levels at 1.5 hr following the second injec-
tion compared to both the vehicle and simultaneous presample control .
values (Table 2.11; -62.4 * 6.3% of presample value for SRIF group

compared to 96.7 = 31.9% for vehicle grour, X * SE). Serum #r GH

levels rebounded to levels which were not significantly different from

both control values by 24 hr following the second injection of SRIF.

L-DOPA;(SO Lg/g BWt) caused a marked increase in serum ir GH levels
which was significantly different from the presample value, but not
the vehicle—injectedtgroup, ;t‘both 1.5 and 24 hr post—injection.
;3jeétion of/g»combination of.SRIF and L-DOPA alone had no statistic-
ally signif#éant effect on serum ir GH levels at either 1.5 or 24 hr

e ‘ _ .
posf-injection'compared to both the presample and vehicle~injected
controlrvalﬁés. The large SE of the mean serum ir GH level of this
group, at 1.5 hf\fQ}lowing the second injection, is due to individual
fish showing either a marked increase (N=5) of a marked decrease

’

(N=6) in serum ir GH levels relative to the presample control ir GH

//value. Injection of - the peripheral decarboxylase inhibitor

/

1
AN

CARBIDOPA (50 pg/g BWt) had no significant effect on serum

ir GH levels at either 1.5 or 24 hours folloWing the second.

84



. , TABLE 2.11 <

! i

Effects of two injections of physiological saline
(veéhicle), somatostatin (SRIF), dihydroxyphenylalanine (L-DOPA) and
- (3,4 ¢ihydroxybenzyl) 2 hydrazinepropionic acid (CARBIDOPA) given

‘12 hours apart on serum immunoreactive growth hormone (iy GH) levels

 in male goldflsh acclimated to 240C dnd a 16L:83 light-dark cycle

intraperitoneal
- !

(17 June, 1981) .
- ng! ir GH per ml serum
. presample hours after second injgction
1.5 «24
treatment dose N
(ug/g BWt) ,
vehicle -- 19 43.20 61.81 ’ 55.52
+ + "
. 6.92 7.11
N 1
\SRIF 1 10 59.71 20.1ve ¢ !”F,ﬂ . L.
T + t R S * ' a Vu gt
o .4 7. i WX
~ 8.49 4.58 67 " P
SRIF+L-DOPA 1,50 11  40.74 48.00 65.04
o + + +
X also 10.88 8.04
-
. 3 4
L-DOPA 50 13 38,07 79.05 57.33
+ . i + +
N *
6.00 ™ 6.70 7.70
~.
L-DOPA+ ‘ 5 ,
CARBIDOPA 50,50 9 46.83 "L03.41 41.45
o + R *
7.50 8 37 6.94
CARBIDOPA 50 5 52.42 41.35, 68.46
+ * \\ +
17.14 9.51 \‘ 11.07

1 All data are X + SE.

2 Significantly different from
values (p < 0.001).

3 Significantly different from
(p < 0.05).

4 Significantly different from

both presample and vehicle control

SRIF presample control walue

presample control value (p < 0.001).

-
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injection. At 1.5 lr following the second injection of a combination
of L-DOPA and CARBIDOPA, scrum ir GH levels werc significantly in-
-~
creased when compar to both the presample and vehiclé® control
values, whereas dinjettion of L-DOPA alone caused a significant in-
N -
crease in serum ir GH levels only in comparison with the presample

control value (154.0 * 44.0 and 105.6 + 58.0% ofﬂesample value‘z for

L-DOPA~CARBIDOPA combination and L-DOPA, respectively, X * SE) .

L
!



DIsCUSS TON

Previous investigations demonstrated that the presence ol
~
£

immunorcactive SRIF in the braing ot teleosts (REA; Vale ot al., L976;
' /
King and Mi,ll(u‘,‘l‘ﬁ‘); immunohistochemistey, bubois ¢4 al., 1974, 1974,
1979), and that SRIF is capable ot inhibiting GH releaged from teleost
pituitaries cultured n Vitro ¥ measured by RRA (Fryer of «l., 1979).
However, without data concerning the effects of SRIF on serum GH
levels in intact fish 1t 1s impossible to assess the role that thig
neuropeptide may have in the regulation of GH secretion~in teleosts
(see INTRODUCTION). The present study has, for the first time,
demonstrated an inhibitory action of synthetic mammalian SRIE on
serum ir GH levels in intact male goldfish. In four separate experi-
ments two ip injections.of 1.0 yg SRIF/g BWt given 12 hr apart
caused a significant depression of serum ir GH levels at 1.5 hr
following the second injection. In addition, at doses. as low as 0.5
Lg SRIF/g BWt serum ir GH levels were also lowered.at 1.5 but not at
6 hr after injection, suggesting that the serum half-life of SRIF in
goldfiéh is limited. These results-are comparable with those of
mammals where a number of studies have estimated the half-life of
SRIF to be between 2 and 25 min, depending on the species and
experimental procedures employed (Yen gt al., 1974; Brazeau et al.,

-

1974; Schusdziarra et al., 1979).

Analysis of the changes in serum ir GH levels in individual

goldfish treated with SRIF indicatés that when pretreatment serum

levels are less than about 25 ng/ml, SRIF usually had no detectable
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thhihitory ettect o Parthermore, AR apparent that they hipgher the
nttral pretreatment e Gl levels, the greater the onhinbantory eftect
Of  GRITE (e Fog. ). Altnough GRIF has bheen tound to anbitbhiot bhoth
Spontancous aned st bated Secretton o Gl o var dety ol mamma b an
Cor oo System:s, and Lo nhibirt stimalated Gt secretron oo DS (Lo
review:  Moguil lan, b7/, 1930), o nunber ot mamma Lran stadien have
tound no ot fect of SRLUE on basal sceram GH levels {(Loviinger of L,

’

La74d; Bryoce o 'v/., T/ Davis, 329 Havvey of oo, 1o/78) . In

Chaptor 4 results are presented todieat Tog GH s secretod dn buests o

goldtish, as in mammals, Tt ois possible then that SRIF may act by
inliibiting only the spontaneous secretory bursts and may be withouat
coftect o the basal serum G levels.  the only published acoount. ot
the eobfect of BRIF on GH secretion 1n tishes (Fryer ;A:/., 17
demonstrated the dose-dependent inhibition of Gl released trom
pituitary glands of tilapia, but did not determine 1f the spontancous
Gl sccretion occurred in pulses under i vlcro conditions.,  Itobs
interesting to speculate that in the goldfish the basal il levels, in
contrast to elevated levels, may depend on a GH releasing factor as
postulated by Peter and McKeown (unpublished results; see Chapter 3),
althougn other studies have provided only limited (see Chapter 3) or
no data (Fryer, 1981l) to support such a hypothalamic factor for thne
goldfish.

The finding that SRIF is capable of inhibiting the release of
GH in a variety of mammals (for reviews: Chiodini and Laiuzzi, 1979;
MacQuillan, 1980) and from pituitéry glands of the domestic fowl

(H211l and Chadwick, 1976) and the teleost, 5. rosswibicis
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very marked post-inbibitory vebownd vn o seran rr G beveds ot S he
post-1nject ton. In a separate expoerment condactod under armn bae
conditions two ip injections ot boog SRIF/g BWE also roesulted inoa
signiflcant post-inhibhitory rebound in serum v ool levels at Jd4 br
post-injection.  With the lowest dose o SRIF (0. L g/ bW}, the
post-inhibition rebound was detectable ecarlier, by o hr post-injection,
In the combination experiment (Table 2.11), two 1 injections of sRIP
(1 11g/g BWE) caused an Lnhibition of serun iv Gl levels at 1.5 hr, but
was not associated with a statistically signiticant rebound effect at 24
hr followinyg the second injection, althiouih the rosulits are suggestive
of an increased level at the 24 hr sample.  since the comblnation
experiment was performed afcer acclimation to 14 & 2°C as opposed to

o i e . e . — ,
12 + 17°C used for the SRIF experiments and since the control
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o ltowing Che sevond ot two dpjections cprven Db apart,oan combarison

with Loth rresampte and vohr o le—tajected control groupss, However,
detoctable Locroase oo seram o rr ooH levels at either LS

thero w.is no
R In e tion. [t the half-life of TRH 1n
s ot magnmals (about S omin, Murad o and
Hayres, L240) then the time course of the tkd eftect an goldtish
wwul@ suggest that TRV 19 nor alrering scerum ir Gil levels through a
direct action on the piltultary gland.  Additional studies and con-
flrmation of the present results are reguiroad before TRH can be
sonsidered to have a role in the regqulacion of serum GH levels in
goldfish. .

The present data indlicate that serum ir 3H levels in female gold-

fish can be altered by systemic injections of a varilety of
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fcatecholamines“orlatugs which alter the synthesii or action of
‘catecholamines. Resulfs of experiments c;hpleted between November
énd Februé?y sugéest that NE elevates serum ir GH levels in female
goldfiéh. NE (100 ug/g BWt) and clonidine (30 ug/g BWt),.an{'
a-adrenergic receptor sfimulan£ drug, causeq marked elevations in
serum ir GH levels, wheréas’fhe cate;holaminé biosynthesis inhibitor
“AMPT (5 pg/g BWt) ahd,the_a;adrenergié.receptof blocker, phentolamine
(5 ug/g Bwt)‘both,caused significant decreases in serum ir GH lg?els,
Resérpiné (1 wg/g BWt) and the g-adrenergic blocker propranolol

(5 pg/g BWt) were not associated with any change iﬂ serum ir GH levels.
It may be pelévant to note that the dbse of NE required to elevate
.serum ir GH leVeis in goldfish was lagge in comparison with that
previousl§ dempnétrated to alter hemodyﬁamics in teieosts (Wood, 1976;

Payan and Girard, 1977). ' However, the finding that much lower doses
. \ . 4 .

)

of clonidine, AMPT and phentolamine' caused marked alterations in serum

>

if GH le&els, which corroborates those obtainéd.with.NE, favours an
actioﬁ of monoamines on GH secretibn as -opposed to a nonspecific
alteration of GH disﬁributién volume.or clearance:rate.ﬁ These résults
then, are consistent with avstimulatory roie forlNE in the control of
GH seéietioﬁ in the female goldfish and are in.agreement with studies
in a Qariety.of eXpérimental mammals where considerable data supports
the involvement of o-adrenergic receptors,,inside the central nervous
system (CNS), invol;;d'in the étimuiatidn of GH secretion (for review:
Muller et al., 1978; Bluet-Paﬁot et az., 1980) "

In direct contrast- to the reéults of experiments on NE completed

in the winter months (see above), experiments conducted in May and

U“
oo =



June indicate that at this time of year NE;lowers serum ir GH leQels

in fegale goldfish. 1In two separate experiments NE (0.1 ana 1 ug/g

BWt, feble 2.7; 10 and 100 ug/g BWt, Table 2.8) caused significant
decreases in serum ir GH ievels in female goldfish. An experiment
completed in June,-designed to investigate the time course of the”

serum ir GH response to NE, alse‘?emonstrated the inhibitory effect.

of Né~(100 ug/g BWt) ; decreases in serum ir GH levels were detectea

at both 0.5 and 1, but not at 2 or 6 hr, post-injection. The results

of the present stuay demonstrate that the changes in serum ir GH levels
in respshse to exogenous administration ef NE differ, depending on %ime
of year. If these monoemines exer? their effect in-temale goldfish via
a central action, alteting the activity of hypophysiotrophic peptidergic
neurons (SRIF or GHRF)‘es suggested by additional results of the present

study (see below) , then either the goldfish pituitary gland or the

“hypothalamus is capable of altering the response to the fegulatory

péptides and/or monoamines, respectively. It may be relevant to note
that serum ir GH levels vary seasonally in female goldfish where serum

ir GH measurements are much greater during August, at a time when

growth rates of many spring spawning fishes are elevated, than in the

winter months (see Chapter 4).  The serum ir GH response to monoamines

may be related to the sexual condition of female goldfish (for review

>

of the goldfish ovarian cycle. see: Hontela and Peter, 1978; Cook and

"Peter, 1980). In the period from November to February, when NE

elevated serum ir GH levels, the GSI of female goldfish varied between
3 and 6% (ovarian recrudescence); the GSI of goldfish used_ih experif

4 : ' . -
ments done in June and July when NE lowered serum ir GH levgds
. , ] ‘

r
v
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‘

were betﬁeen 2 and {%; reflecting a sexually regressed state of ovérian
- .

development. Although the present study has not determined whether the

changing serum ir GH response to catecholamines is part of a central

‘ N
-~ - . . . N f
mechanism regulating ehﬁher the annual reproductive cycle or seasonal
L . Y

s
Yo g

N , :
variations in serum ir GH levels in female goldfish, it is apparent

that considerable caution musi be gxercised in comparing results of
neuropharmacologicél studies in fisheé carried out at different times
of year., . :

- Systemic injections 6f both DA (1 ug/g BWt) and L—DOP%.(SO ug/g

- \

BWt) resulted in significant,eiévatioqs in serum ir GH levels at 1 hr
post-injection in experiménts completed between April and June. It is
difficult to interpret the ;ncrease,in serum ir GH'levels observed in
female goldfish, in response to ip admihistration,of DA, since there
.was no evidence for a dose-fesponse effect. If DA is unable to pene~
trate the blood-brain barrier in fishes, as demonstrated for mammals~
(Wéiner, 1980) , DA may alter sérum ir GH levels in the goldfish by a
dire;t action on the pituitaryiglapd. In contrast to bA, the amino
.acid precursor df'qatecholamines, L—DOPA; is ablé to péhetrate the
blood-brain barrier in mammals (Bianchine, 1980), and in the present
study'céused a dose-response effect; increasing doses from 50 ug/g BWt
resulted in progressi?e'inéreases in serum ir GH levels to a méximﬁm
253% increase over control values with 200 ug L-DOPA/g BWt. The serum
ir GH response to a combination of L-DOPA and CARBIDOPA was greater
than that of an\equivaleﬁt_gose of L-DOPA alone; Fﬁrthermore, injec—;

tion of CARBIDOPA alone had no significant effect on goldfish serum ir

GH levels. In mammals, CARBIDOPA is a potent inhibitor of L-DOPA



94

deéarbpxylation that ig unable to penetrate into the CNs;’since about
95% of systemically administered L-DOPA is rapidly converted to DA in
pé;ipheral tissues (Bianchine, 1980), concurrent administration of
both drugs causes an increase ;n the p;asma éoncgntration and half-
life of L-DOPA resulting‘in greater CNS concentrations of L-DOPA
(Bianchine and Shaw, 1976). If CARBIDOPA has-a similar action in
goldfish, it is apparent that resulté of the present sgudy favour a
central actioq.of L-DOPA in elevating serum i; GH levels in goldfish.
Since L-DOPA has been shown to exert its main effects by its decarboxy-
latibn to DA and/or NE (Bianchine, 1980), and since in the present
study both DA and ﬁE have beén shown to élter serum ir GH levels, it

is likely that the action of L-DOPA in goldfish is mediated by eitmgzﬂ
DA or NE. The finding fhat NE decreases.serum ir GH levels ‘during the
summer mon£hs in goldfish (see above) at a time when L—ﬁOPA increases
serum ir GH levels, sﬁggests that DA may, in part, mediate this iﬁ—
crease in response to L-DOPA. In sdpport of this an eXperiment
conducted in June (see Table 2.10) demonstrated that injeétions of DA N
resulted in elevated serum ir GH levels.

Infaddition to démonstrating the inhibitory action of SRIF oﬁ
sexum ir GH levels,lthe present study has shown that SRIF (l'pg/g BWt)
'inhibits the L-DOPA induced stimulation of GH'seéretion in goldfish. .
The finding that two ip injections of a combination of SRIF and L;DOPA
‘had no effect on serum ir GH levels, whereas injections of SRIF or
L-DOPA alone resulted in a significant decrease and increase; res—
pectively,isuggests that the action of SRI? and cétecholamihes are

interrelated in the control of GH secretion in the goldfish.
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Sincé L-DOPA elevates serum ir GH levels via a central action in
éoldfish, probably via'decarhoxylation to DA or NE (see above), it is
apparent that there are a number of possible mechanisms by which
monoamines may, interact with hypothalamic peptidergic neurons to

alter GH secretion. Fig. 2.5 summarizes several possibilities which

are all consistent with the data outlined above. Since the results of

Chapter 3, together with those of the present study, strongly support

a role for SRIF in inhibiting serum GH levels in goldfish .it is -
reasonable to speculate that L-DOPA may stimulate GH secretion by its
conversion to DA within the CNS and subsequent inhibition of somato-

statinergic neurons. The finding that NE decreased serum ir GH levels

in the summer months at the same time of year SRIF was shown to \ -

\

inhibit ir GH levels, suggests that the L-DOPA effect was not mediated \
e \
by an action of NE on SRIF release. NE could, however, increase the

activity of somatostatinergic neurons causing the observed decreases

in serum ir GH levels following NE administration in goldfisﬁ\ Al- . \

though much work is required to, fully elucidate the mechanisms\con— j
B \

trolling GH release in goldfish, the present study has provided\the ' /

- : \ » /

original information clearly demonstrating the involvement of boéh

1

catecholamines, and SRIF in the regulation of GH secretion in fishes.

\
.
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Fig.

2.

5.

Diagrammatic representation of some possible
mechanisms involved in the regulation of growth
hormone (GH) secretion in the goldfish based on

results of experiments done between April and

" June. Dopaminergic (DA) or noradrenergic (NE)

neurons are diagrammed as stimulating (+) or

~inhibiting (=) hypothalamic peptidergic

(somatostatin, SRIF; growth hormone-releasihg

factor; GHRF) neurons. In turn the SRIF ané GHRF
neurons could inhibit and stiﬁulate GH relegse,
respectively, by a direct action on the secfetory
cells of the goldfish pituitary gland. The dia-
gram also indicates that DA could stimulate GH

1

release by a direct stimulatory (+) action on the

pituitary- gland.
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Chapter 3. EFFECTS OF HYPOTHALAMIC LESIONS ON SERUM GROWTH
HORMONE LEVELS AND GROWTH RATES IN GOLDFISH, CARASSIUS
AURATUS

INTRODUCTION

In spite of the potential importance of GH in the manipulation
of the growth of feleost fishes (for review: Donaldson et al., 1979)
there is little known about the control of GH secretion in teleosts
(for reviews: Ball et al., 1972; Holmes 'and Ball, 1974; Peter, .1973;
Peter and Fryer; 1981) . Experimenés involving pituitary transﬁiant—
ation and culture have not provided an? cleér indication as to either
the presence or nature of the neuroendocrine cont;ol of GH secretion
in fishes. Pituitary autotransplants in the molly, Poecilia
Zati?inna, were presumably secretiﬁg GH without hypoﬁhalamic support,
as suggested by the slight g;owth shown by grafted fish observed over

a period from 3 weeks to 8 months (Ball et ql.; 1972). 1In addition,

somatotropic cells ofﬂéhe‘éel, Anguilla anguilla (Olivereau and
»Dimovska, l§69; Olivereau, 1970), stickleback, Gasterosteus aculeatus
(LeAtherland, 1970a,b) and Gambusia sp. (Chambolle et al., 1981)
pituitaries all retain approximately normal appearance after trans-
planﬁation, although GH cells of P. formosa appear less active and
fin regéneration was slower than normal after pituitary homotrans-
plantation (Ball et al., 1965; Olivereau and Ball, 1966). Similar

to the results obtained using the eel and stickleback, Kayes (1977a)
demonstrated that the black bullhead, Ictalurus melas, showed only

small increments in linear growth after pituitary autotransplantation,

9 8 i
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The results of these pituitary transplant studies suggest that GH
secretion by the teleost pituitary gland, is normally under a tonic
level of stimulation by its connections with the hypothalamus,
perhaps by a GHRF.

A number of in vitro organ culture studies have used PAGE to
measure GH (see GENERAL INTRdbUCTION)lreleased into the medium by
eel pituitary glands (Ingleton et gl., 1973;<Baker and Ingleton,
1975). Since siygnificant amounts of putative GH were reiéésed into
the medium for -2 or more weeks in culture, and since histological
analysis indicated that the somatotrope cells appeared to be main-
tained well over this period, it‘was presumed that the GH cells of
the eel pituitary gland were capable[of at 1east'some autonomous
secretion (Bakér and Ingleton} 1975) . - In contrast to the results
obtained using eel pituitaries, when rainbow trout (Salmo gairdnert)
pituitaries were cultured, putative GH, measured by ?AGE and densi;_
tometry, was rgleased at a steadily decreasing raﬁe with time in
culture, énd histological éigns of somatotropic.hypoacﬁivity were
' evidént as early as 1 week (Baker 1963; Baker‘l97l cited in Ball
et aZ;, 1972), suggesting that hypothalémic support (e.g. ; GHRF')
is necessary for the maintenance of GH secretion in the fainbow trout,
It is apparent that there.are differenéeé in results of pituitary
culture exper;ments involving different teleost species, and between

‘results of pituitary culture and transplant studies. Furthermore,

these experimenﬁs can not determine whether the pituitary gland in

-

the intact fish is normally under a stimulatory and/or inhibitory
influence from the teleost hypothalamus.

¢

()
i
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.

More recently Hall and Chadwick (1978) have provided evidence
for a GHRF in the eel hypothalamis. Acid extracts of cel hypothalami
caused signifiéént increases in the amount of putativc‘GH, as
measured by PAGE and densitometry, released into the medium of eel
pituitary glands cultured in vitro (Hall and Chadwick, 1978). In
addition, Hall and éhadwick (1979) demonstrated that hypothalamic
extracts from the flounder, Pleuronectes flesus, and eel, A. angutlla,
but not the cod, Gadus gadus, increased GH release into the medium
from ch%cken pituitaries incubated fn vitro. Although these results
provide support for a teleost GHRF, it is relevgnt to note ﬁhat the
PAGE and densitometric technique for GH measurements has not been
fully evaluated for u;e with medium from teleost pituitary gland
cultureé (see GENERAL INTRODUCTION) .

Recently Fryer (1981) indicated that the goldfish (Carassius
auratus) hypoﬁhalamus can influence the somatotrope activity of the
pituitary gland. ‘Following electrothermic lesions of the nucleus
preopticus (NPO), both light and electron microscopical observations
of the pituitary gland indicated enhanced secretory activity of the
somatotropes (Fryer, 1981), suggesting that‘this hypothalamic nucleus
was involved in the inhibition of GH release in goldfish, per@aps-by
a SRIF-like neuropeptide. Lesions of the telencephalon anterior or
dorsal té the NPO had no cytological effect on the GH cells. 1In
common”with other histophysiological endocrine studies, the
correlations between ﬁistological or ultrastructural criteria and

hormone synthesis, storagé or release after lesioning (Fryer, 1981),
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are speculative without additional information regarding scerum and
pituitary hormone levels, as well as measurements of the hormone -
clearance rate (sce:  Schreibman of a/., 1973; McKeown aﬁd Peter,
1976; Cook and Peter, 1980). ©Other studies also suggest that hypo-
thalamic lesions can influénce Gl secretion in the goldfish. Lesiong
in the nucleus'antcrior tuberis (NAT) and larqe<iesions involving
most of fhe nucleus lateralis tuberis (NLT) and NAT caused a
significant decrease in serum GH levels as measured by heterologous
RIA, suggesting the presence of a GHRF in these brain areas (Peter
and McKeown, unpublished results). The finding that lesioning the
NPO in galdfish had no significant effect on serum GH levels at 4
weeks postflesioning (McKeown and Peter, unpublished results) may be
considered at variance with a comparable study by Fryer (1981) wﬁere
similar lesiogs producéd mérked alterations in goldfish pituitary
ultrastructure at 3 weeks post—bperation (see above). While differ-
ences*beﬁwéen these two studies may be explained on the basis of
different sampling times post—lesidninq, or the possible presence of
daily variations in serum GH levels in goldfish (see Chapter 4), it
is apparent that additional lesioning studies are eséential to
determine what role‘the hypothalamus may play in the regulation of
GH secretion in goldfish. .Fu££hermore, the validity of heterologous
RIA measurements of GH used in their sﬁgdy (McKeown and Peter) has
been quéstioned (Nicoll, 1975; see GENERAL INTRODUCTION) and until the
RIA is further validated the substance(s) measured is uncertain.

It is clear that there are difficulties in interpreting invest-



igations ot the hypothalamic control of GH woeortetion based on results
ot pitui(.ny. transplant and culture experiments, and that there are
difficultics in interpreting results based on Gl measurement s made
with both the heterologous RIA - (McKeown and van Overbecke, 1972) and
the PAGE and densitometry methods (Ingleton ol al., 17y, In the
present study the effects of a vuriéty of hypothalamic radiofrequency
lesions on both growth increments and serum ir GH levels were
determined to investigate the hypothalamic control of GH secret 1on
in the goldtfish. Since the cGH RIA has been fully validated (see
Chapter 1) and since changes in BWt and standard length (sL) will be
determined concurrently with serum ir GH levels, the present study
will provide a major advance ovVer previous investigations of the

hypothalamic control of GH secretion in fishes.

"y

1o
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The ot ce ated goneral procedares tor o omaont enanee and o clama

tion of goldt il woere an descr ibed o Chaprter L

[, bExperiments
Easooopleent g0t wdnd e = ety L
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In Bxperiment 3.0, T35 male and bemale goldtish (25088 0040 g
HWE, Xt CE) were cLivided evenly between tour om0t low=through
Aaquaria. The fish were acelimated tor 4 weeks to 21 1VC and
lal:an light=dark cyele (Lights onoat 98:00 hr) .o At the start of the
acclimation period all fish were anaesthet fzed with My 220 (Gandor)
and individually tagged with metal opercular olips before BWE and
length were determined (see below).  During the accolimat ion period,
morphometry was rocorded weekly to ensure that all fish used in the
experiment wer¢ growing in a similar manner. Fish showing erratic
growth increments or weight losses during this period were removed
from experimental aguaria and not included in subsequent data
analysis. Fish were fed terramycin-treated Ewos {(size 5P) pellets at
about 2% of BWt/d, twice daily at approximately 08:00 and 17:0‘0 hr,
except on the days of lesioning and blood sampling (see below).

At the end of the acclimation period the fish in each aquarium
were divided into three groups: a normal control group, a sham-
operated group and a brain-lesioned group. Radiofrequency lesioning

and sham operations were performed as described by Peter and Gill
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CETY, toL6, M, b S04 nnc Lot preopt teus (NP, thon, M, S
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Docod and 100, ko0, Do, atter bessioning o shame-
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Weekly growth dncrvements an BWE andd otancdard Tength 8 were determined
Yo cach grong according o

Wt - RWt ) S -
n 0x i and n 0 XN Tog,

CBWt S,
@]

whore err arnd SL“ represent BWE and SLoat week o, respectively and
HWt,O and fiI,U represent Bwt o oand SEooat the time of lesitoning., Thus alhl
the growth increments of the present study (see RESULTSY represent
the per cent change in BWt or S0 relative to the time of operation
(i.¢. week 0). DPreliminary analysis of changes in BWt or SL during
the 4 week duration of Experiment 3.1  showed significant
differences between weeks for individual treatment groups, indicating
that calculation of average relative instantaneous growth rates as
used for the cGH biloassay (Se; Chapter 1) would be unreliable in
estimating the effects of lesioning on growth in this study. Between
11:00 and 13:00 hr on the day of the last weighing and on the two
subseguent days, blood samples (about 200 ul) were collected and

serum processed for the cGH RIA as described in Chapters 1 and 2.

Results of serum ir GH measurements are based on only the first blood

Lordd

Ve
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sample. Small differences in numbers between serum ir GH and growth
measurements for several groups (see RESULTS) were due to the

inapility to obtaim the first blood sample from several fish. After
{

B

tﬁg third blood sample, the fish wereAkilled in excess anaesthetic
before the bfain, together with the portion of the parasphenoid béne
containing the pituitary gland,we;e dissected apdafixed in Bouin's
sblution. Histological.proceduriﬁ were as déscribed by Peter and
McKeown (L974)i The placementvof_lésions Qas deterﬁined hiétologi—
cally.and fish were excluded from analyses only if the lesion failed
to destroy more than 50% of the particular hypéthalamic nucleus.
®nads were also dissected and weighed at the end of_the experiment
for the determination of gonosomatic index (GSIY‘(Cook énd Petéf,
1980): In both Experiments 3.1 and 3.2 tﬁé majority (86%) of all the
goldfish among the various treatment groups were sexually Fegresséd
females (GSI = 2.01 * O.l7é, ;;i SE, N=166 for all female fish
pooled) and’there were never more than 3 males in a single groupﬂ

The male goldfish inclgded in these experiments were also in a

' régressed sex;al state (GSI = 1.39 f 0.10%, X + SE, N=19 foruall.malé
fish poéied). Sin;e'theré were no detectéble aifferences béfween
méle and femalé goldfish in either BWt or SL increments or serum

ir GH levels fegardless of treatment group, da%a from both sexes were
pobled for sfatistical analyses. A

4

- “Experiment 3.2. (September - October, 1977) —
For Experiment 3.2, 65vgoldfish (24.20 + 0.63 g BWt, X + SE)

were placed in a single 293 & flow-through agquarium and acclimated



for 4 weeks to 21 * 1°9C and a 12L:12D light-dark cycle (lights on at
08:00 hr). THé method and time of BWt and SL measurements and method
of feeding were the same as for Experiment 3.1. In addition, fish

showing erratic growth increments during the 4 week acclimation

3

period were removed from the experimental aquarium and were not

included in the data analysis. - At the start of the eXpefimental

. . — 3
period the fish were divided among 4 groups: a normal control group,

a sham-operated group and two brain-lesioned groups. 1In this experi-

v ! .

ment lesion coordinates were +0.04, M, D 2.2 for the NAT and +1.2,

M, D 2.1 for the NPP and the voltage used varied between 85 and
‘105 ﬁv. Other procedures were identical to those .described for
Experiment 3.l,mexcept that plasma, instead of serum, was collected
using the method of Weigand and Peter (1980).

IIT. Cérp Growth Hormone Radioimmunoassay

Details of the ¢GH RIA are as described in Chapter 1.

i

IV. Statistical ‘Analyses

N . —

Results were analyzed by Student's t-test (Steel and Torrie,

1960).
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RESULTS

For Experiment 3.1, the effects of hypothalamic lesions on

growth»ihcrement§ are:shownfin Tables 3.1 to 3.4 and the sefum ir GH
levels are sumﬁ;riéed in Table 3.5. As éhown in Table 3.1, lesions
in the NAT caused a significant decrease in length increments
throughout the 4 week post-lesion period compared to sham controls,
but not in comparison to the normaijcon£rol group. NAT lesions had
no significant effect on changes in BWt at an; tlﬁémduring Experiment
3.1. Leéibns of the NLT resﬁlted in a significant increase in lehgth,
but not weight, at 1 week after lesioning, compared with the normal
control but not ghe sham;lesionea controi group' (Table 3.2), buf for
weeks 2 to 4 ﬁhere were no significant differences in either BWt or
Si increments among normal control, sham control or’NLT—lésioned
,goléfish. Lesions»involving the NPO or biléteral lesiong of the NRL
had no éffects on either weight ‘'or length changes during-the experi-
ment (see Tables 3.3 and 3.4, réspecti&el . As shown in Table 3.5,
lesioning the NAT, NLT, and NPO in Ekﬁg;zzlnt 3.1 had no significant
effects on serum ir- GH levelé. Although bilateral lesions of the
:NRL in Experiment 3.1 resulted in significantly elevated (p < 0.01)
serum ir GH compared to the sham contrel group, the lesion group was
not. significantly diffefent from the normal céntrqi group (statistics
 not included in Table 3.5).

In contrast to Experiment 3.1, lesioning the NAT had no effect
on either BWt or .SL .increments in Experiment 3.2 (Tablé 3.6). Lésions

o
3 . . e 4 . ‘
involving the NPP resulted in a significantly greater BWt increment f
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Effects of lesioning the nuéieus anterior
(BWt) and standard length (SL) increments

‘TABLE 3.1

tuberis (NAT) on body weight
in goldfish (Experiment 3.1).

.

weeks
post- normal sham NAT
lesion .control control lesioned
N 26 7 14
1 2 3
1 0.26 + 0.28 3.67 £ 0.69 0.71 + 0.37
. . 4 o 3
% increase 2 2.11 £ 0.30 4.09 £ 0.94 1.74 + 0.54
over
initial SL 4 4.22 + 0.42 6.40  1.44 3.60 ¥ 0.50°
3 5
4 5.26 £ 0.49 8.25 + 1.73 4.26 * 0.45
1 1.42 £ 0.64 3.13 + 1.47 1.52 + 1.02
% increase 2 9.18 = 0.83 10.90 + 2.14 "7.50 + 1.57
over .
C e W
initial BAL 12.09 + 0.98  16.26 *+ 4.13  12.62 * 2.27
4 17.27 ill.3l 19.91 + 5,16 13.57 + 2.58
1 All data are X * SE.
2 Significantly different compared -to normal (p.< 0.01). -

3 Significantly different
a Significantly different

5 Significantly different

compared to
comparedrto

compared to

control value

sham control value (p < 0.05).

sham control value (p < 0.02).

sham control value (p < 0.01).
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TABLE 3.2

Effects of lesioning the nucleus :lateralis tuberis (NLT) on body weight
(BWt) and standard length (SL) increments in goldfish (Experiment 3.1).

weeks .
post- normal sham ’ NLT
lesion control control lesioned
N 26 : 6 16
' 1 2
1 0.41 * 0.31 1.40 + 0.73 1.42 +* 0.28
% increase 2 .2.14 £ 0.30 - 2.40 = 1.04 2.85 + 0.43
in SL '
i
3 4.17 + 0.41 3.80 + 1.06 4,55 £ 0.44
mﬂ%‘%ﬁ
4 5.28 +* 0.47 5.07 + 1.37 5.33 + 0.62
' 1 2.21 % 0.71 1.92 + 1.99 3.69 + 0.70
% increase 2 9.21 + 0.83 5.01 + 3.07 7.23 £ 0.92
in BWt
3 12.73 + 0.98 11.29 + 3.24 15.98 + 1.28 *
4 16.89 1.29 11.95 + 4.41 17.38 £ 1.96

&4

1 All data are X * SE.

~

2 Significantly different compared to normal control value (p < 0.05).



Effects of lesioning the

and

standard %ength (sv)

\

nucleus preopticus (NPO) on body weight (BWt)

\ TABLE 3.3

increments in goldfish (Experiment 3.1).

(p < 0.05).

weeks
post-— normal sham NPO
lesion control control lesioned
N 27 15
' 1,2
1 0.40 * 0.28 1.22 £ 0.13 1.14 + 0.32
% increase 2 1.96 + 0.34 2.45 £ 0.40 2.73 £ 0.67
over initial.
S 3 4.32 % 0.46 4.07 + 0.65  4.16 % 0.83
4 5.46 * 0.51 5.47 + 0.60 5.80 + 0.91
1 1.64 + 0.73 72,66 + 1 36 3.34 + 1.21
% increase 2 8.13 + 1.08 2.44 * 1.983 © 4,82 £ 1.29
over initial '
BWt .
3 11.33 £ 1.14 7.99 £ 2.46 8.64 + 1.90
, 4 16.56 *+ 1.38 12.64 * 3.14 13.27 + 2.17
1 All data are X t SE.
2 Significantly different compared to sham control group (p < 0.02).
3 Significantly different compared to normal control giroup
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TABLE 3.4

111

o .
Effects of bilateral lesioning of the nucleus recessus lateralis (NRL)
on body weight (BWt) and standard length (SL) increments in goldfish

(Experiment 3.1).

¥
N < i
weeks
post- normal sham NRL
lesion control control lesioned
N .27 4 11
1 0.46 + 0.29 1.07 + 0.87 1.03 + 0.69
% increase @ 2 2.69 * 0.39 3.29 + 0.96 3.16 * 0.49
over '
tnitial SLo 4 4.74 + 0.43 4.69 £ 1.12 4.50 + 0.47
4 5.99 + 0.51 6.65 + 2.40 6.46 * 0.65
1 2.21 + 0.67 2:94 + 0.84 3.01 + 0.56
% increase 2 9.66 + 0.83 5.44 + 1.73 8.58 +.1.12
over . ‘
initial BWE 4 12.74 + 0.97 9.58 + 4.44  13.15 + 1.72
+1.28 12.79 + 6.97 17.49 + 2.54

4 17.82

1 All data

are X + SE.
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TABLE 3.5

Effects of lesions in the nucdleus anterior tuberis (NAT) , nucleus
preopticus (NPO), nucleus lateralis tuberis (NLT) and bilateral lesions
of the nucleus recessus lateralis (NRL) region on serum immunoreactive
growth hormone (ir GH) levels in\goldfish at 28 days post-lesioning
(Experiment 3.1). ' ‘

\

ng\{f GH per ml serum

lesioned ' normal sham
area . control c¢antrol - Jlesioned
N 6 : 7 13
o ‘

NAT -X 18.70" "17.10- - - 18.67
, S £ - *

i SE 1.05 - 0.95 ° 0.98
N 7 6 15

NPO X 20.06 ' 22.26 25.07
+ + +

SE 1.44 1.86 4.15

/////// A

NLT X - o21.51 . 21.86 T 23.70
+ ; + +

SE . 1.02 1.62 . 1.39
N 7 4 11

NRL X 20.69 11.89 - 21.46
+ ' + +

SE 1.16 ©0.86 3.11

1l All data are X *+ SE.

a



Effects of lesioning the nucleus anterior tuberis

TABLE 3.6

(NAT)

on body weight

(BWt) and standard length (SL) increments in goldfish (Experiment 3.2).
weeks
post- normal sham NAT
lesion control control lesioned
N 15 10 10 .
1 4.09 * 0.43 3.98 * 0.87 3.79 * 089
% increase 2 5.92 £ 0.40 5.53 + 0.30 5.68 + 1.10
over
initial SL 3 8.42 + 1.06 6.61 + 0.72 7.58 + 0.98
4 9.88 + 0.77 7.60 = 0.91 9.34 + 1.62
1 2.54 + 0.78 0.74 * 0.40 1.57 + 1.23
% increase 2 9.93 + 0.74 6.84 + 1.69 10:40 + 2.71
over
initial BWt 17.79 + 0.82  12.76 *+ 2.95  18.08 + 3.93
4 22.13 +* 0.98 16.02 + 3.68 l9fl§}t 1.64

1 All data

are ; + SE.
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at 4 weeks post-lesioning, compared to both normal and sham control
groups (Table 3.7). Furthermore, BWt increments of the NPP—lesioned
group were also greater than those of both the sham and normal
control groups at all 4 weeks of Experiment 3.2, although the
differences were not statistically significant until week 4. At 4
weeks postoperatively the NPP lesions also caused a significant
increase in the SL increment compared to the sham control broup, and
tended to a significant”;ncrease in comparison with the normal con-
trol group (t = 1.67, 21 df, p ~ 0.10; Table 3.7). It is‘of
interest to note that the increases in BWt and SL increments in the
NPP-lesioned Broup were significant (Table 3.7, Experiment 3.2) in

spite of the fact that the growth of the normal control group in*

Experiment 3.2 was significantly greater than that of Experiment 3.1.

In Experiment 3.2 there wére no significant.effects on serum ir GH
levels compared to the normal or sham control groups as a result of
lesioning the NAT (Table 3.8). HoweVern lesions involving the NPP
resulted ih a marked increase in serum ir GH levgls compared to
both the normal and sham control groups.at 4 weeks post-lesioning
(Table‘3.8). bAt weéku4, analyéis of BWt increments and serum irvGH
levels of individual’fish for the normal ahd sham control groups and
the NPP-lesioned group revealed a positive correlation between the
two; with increasing serum ir GH levels, the growth increment
increased (Fig. 3.1).

Fig. 3.2-1 shows a representative crbss-sectién through the
forebrain of a sham-operated goldfish for compariéon with & section

at about the same level from the forebrain of a fish with a midline
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TABLE 3.7

Effects of lesioning the nucleus preopticus periventricularis (NPP) on
body weight (BWt) and standard length (SL) increments in goldfish
(Experiment 3.2).

weeks
post- normal sham NPP
lesion control control | lesioned
1 4
N 15 12 9
1 4.09 +* 0.43l 2.76 £ 0.63 3.59 £+ 0.56
% increase 2 5.92 + 0.40 4.79 + 0.57 5.47 + 0.51
over
initial SL 3 8.42 + 1.06 7.34 + 0.75 8.38 £ 0.71
4 9.88 * 0.77 9.02 + 0.84 l11.62 * 0.702
1 2.54 + 0.78 1.58 + 0.53 2.82 + 0.63
% increase 2 9.93 + 0.74 -8.85 + 0.85 10.18 *+ 0.81
over ' .
initial BWt 4 17.79 + 0.82 17.00 + 0.62  19.96 + 1.37 ‘
4 ' 22.13 * 0.98 23.15 + 0.50 28.35 * l.7l3

1 All data are X + SE.
2 Significantly different compared to sham control wvalue (p < 0.05).

3 Significantly different compared to normal contrcl (p < 0.01) and
sham control (p < 0.02) values.

1



TABLE 3.8

1o

Effects of radiofrequency lesions in the nucleus anterior tuberis
(NAT) and the nucleus preopticus periventricularis (NPP) on serum

immunoreactive growth hormone

(ir GH)

post-lesioning (Experiment 3.2).

levels in goldfish at 28 days

)* Mi
ng ir GH per ml serum -
lesioned normal sham.
area control control lesioned
N 15 10 6
NAT X 27.29 27.05 24.85
+ + +
SE 3.51 4.18 2.76
T N 15 12 9
: — o1
NPP X 27.29~ 22.50 40.23
. . t + +
SE ' 3,51 1.51 3.89]

1 Significantly different compared to both normal and sham control

va%ues (p < 0.01).
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Regression of per cent increase over preoperative
(BWt) on scrum immunoreactive growth

Fig.
. body weight

3.1.
hormone levels (ng ir GH per ml serum) at 4 weeks
The solid circles, solid tri-

2)

post-lesioning.
angles and open diamonds represent the nucleus
(N=12

preopticus periventricularis (NPP) lesioned
respectively.

the sham NPP-lesioned group

(N=15) ’

group (N=9),

and the normal controls
Y; ng ir GH per ml

Per cent increase in BWt
significance of difference of
number of

=X; p=

‘serum
regression coefficient from zero; N

= 0.34.

goldfish, r =
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Fig. 3.2-1.  Representative cross—section tﬁrough the fore-
' | brain ofva'shhm-operaged goldfish at 4 weeks
post—operative. The horizontal bar repreSentS/
150 ym.

N

) &

Fig. 3.2-2. ' . Representative cross-section through the fore-
brain of a goldfish with a midline radiofrequency
lesion (arrows) of the nucleus preopticus

periventricularis at 4.weeks.pqstLoperatiVe.

The horizontal bar represents 150 um.G

Fig. 3.2-3. Higher magnification of lesioned area. Note
. . extensive periventricular neural degeneration

with necrotic debris: The horizontal bar -

. ) represents 40 um.
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iesion (arrows) of the NPP (Fig. 3.2—2). At 4>week§ post-operation
thé lesioned area of the hypothalﬁmus showed histological evidence of
coagulation ngcrosis‘(Fig. 3;2—3), including extensive replacément of
neural tissue by connective tissue. There was no evidgnce of
degeneration in brain areas other than at EheiSige of le#ioning,
regardless of %he hypothalamic coordinates used in the present study.
Fig. 3.3 is a. summary diégram of lesions of the inaividual fish
iﬁclgded in the NPP-lesioned group. Of the 9 fish included in this
group there was Qirtualiy complete destruction of the entire NPP. ‘Iﬁ
addition, in 4 fish the lesion extended in a posterior and posterior-

ventral direction to damage the NPO and part of the nucleus anterioris

periventricularis (NAPv) (Fig. 3.3).



Fig. 3.3. A diagram of a parasagittal section of the gold-
fish forebrain (approximately 150 pm laterél to
the midline) showing the common area of destruc-
tion caused by radiofrequency lesions located

bprimarily in the nucleus preopticus periventricu-
{ laris of fish in Experiment 3.2. The drawing is:
“\ magnified'approximately 30 X. Terminology is as

described by Peter and Gill (1975).

AC, anteinr commissureé; HOC, horizontal
commissuref NAPv, nucleus-anterioris
peri&entricularis; NAT, nucleus anterior
Q‘AJ/A%?’~ tuberis; NH, nucleus habenularis; NLT, nucleus
lateralis tuberis; NPO, nucleu#l opticus; NPP,
nucleus preoptib periventricula£1§; NRL, nucleus
reéussus lateralis;fCN; optic nerve}-PIT,

\

pituitary gland.
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DISCUSSION

The present study demonstrates that destruction of the NPP .in
’

goldfish results in an ihcrease in both growth, as indicated by
chahges in BWt and SL increments, and seéum ir GH levels at 4 weeks
after lesioning. The difference in BWt increments between NPP-
legioned fish and both sham and normal control groups increased with
time after lesioning, although the effect was not s?atistiéally
significant until the fourth week. These results suggest the in-
volv?ment of the NPP in inhibiting GH secretion in‘goldfish. In
support of the present results Fryér (1981) showed that at 14 days
after the'placement of large lesions in the NPO and much of the NPP,
there was a marked inérease in nuclear area of ﬁhe.presumed GH cells
in tﬁe goldfish pituitary. At 21 days after lesioning the NPO there
was a marked reduction in the nuﬁber 6f both type A neurosecretory
fibres innervating GH cells and hormone granules; in aadition a
proliferation of. rough enaoplasmic reticulum.(RER) was evident,
sgégesting increased GH'secretion (Fryer, 1981): In his study,>
biiateral lesions of the NPO were 900 um in length, 400 um in width
.and completely destroyed the NPO and NPP with thé exception of a few
cells of the NPO posteriorly and of t@e'NPP anteriorly (Fryer, 1981).
Since in the présenp study lesions of the NPP, but not the NPO, were
effective in increésing growth and ir GH levels, it is likely the
appdrent enhancement of GH secretion after combinéd NPO/NPP lesions
suggested by cytological and'ultras;ructural evidence (Fryer, 1981)

2 .

was primarily due’ to destruction of only the NPP.
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In contrast to lesioning the NPP, lesions éf the NAT in female
goldfish resulted .in significant decreases in growth in comparison
with sham-operated fish, as indicated by changes in SL increments
(Experiment 3.1). These results suggest that the NAT may‘play a stimu-

\ .
latory role in GH secretion in goldfish. While the inhibition of SL
incrementé, relative to the sham control group, was evident at all 4
weeks of the post-operative pe;iod in the NAT-lesioned fish in Experi-

ment 3.1, these decreases were not significantly different from the

normal control group. Although BWt increments of NAT-lesioned fish

were not significéntly different compared to either control groups, it

is apparent that the BWt increments follow a similar pattern to the SL
increments of this tréatment‘groqp (seé Table 3.1). Petexr and McKeown
(unpublished results) have also provided évidence that the NAT is fhe
origin of, or involved with the secretion of soﬁe factor that stimu-
latés GH secretion in goldfish. Leéions in the NAT region and in‘
the c&mbined NAT-NLT~NPP region caused aecreased serum ir GH levels
(Peter and McKeown, unpublished results) measured using the hetero-
logous GH RIA developed by McKeown and ;an Overbeeke (1972) (also

See GENERAL INTRODUCTION).. In the present study, serum ir GH levels
in NAT-lesioned fish.were not signifiéantly different from the con-
trol groups in either Experiment 3.1 or 3.2, in spite of the effects
on SL increments (see above). However, since significant daily and
hourly fluctuations in serum ir GH levels have been demonstrated in
goldfish (see‘ghapter 4) and since blood samples were collected at a

single time of day in these studies, it is not possible to rule out

an effect of NAT lesions on serum ir GH levels in goldfish. Further

>
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inpvestigations are required to determine the temporal sequence of
serum ir GH chénges(‘if aﬁy, following NAT lesions -in goldfish.

In summary, the results of NAT lesioning in goldfish in the present
study and that of Peter and McKeown (unpublished reéults) in conjunc-
tion with earlier pituitary transplant and culture studies (see
INTRODUCTION) , provide indirect support for a GHRF in teleosts.

In Experiment 3.2 lesioning the NAT did not result in significant
effects on either BWt or SL increments at any of the sample times
after'lesioninq. Since the experimental procedures used in thesé é
experiments were very similar (see MATERIALS. AND METHODS) it is
possible that the differentlgrowth response to NAT lesioﬁs in gold-
fish between Experiment 3.1 (July to August) aﬂd Experiment 3.2
(September to October) is related to the time of year. While it is
premature. to éostulate a mechanism forlthe contrasting effects of
NAT lesions at the two diffefen§ times of year,.sﬁch differences
could exist since ﬁhe‘changes in sefﬁm ir Gé response to exogenously
administéréd monoamine; have been shqynip0'differ at different times
of year (see Chapter 2) and serum.ir GH levels in female goldfish
exhibit marked variationé depending on both temperature and time of
year or photopeiiod (see Chapter 4).

An important:finding of‘Experimént 3.2 was the relaticn between
serum ir GH levels and BWt increments of normal cdntrol and NPP and
sham NPP-lesioned fish at 4 weeks post-operative. When daéa from

these groups were combined there was a significant dependence of

serum ir GH levels on BWt increments; serum ir GH levels were higher

in fish that had greater BWt increments (see Fig. 3.1) . Since marked

126



1 127
!
)

i
variations in serum ir GH ﬁsvels can occur in less than 0.5 hr in

\ ‘

goldfish (seé Chapter 4) ana since the collection of blood sa%ples in
the present stddyfwas performed over a 2 hr‘period, ip is likely that
fhe pattern of sefum ir GH-levels from individual fish included in
'Fig. 3.1 was altéred-by lesiéning the NPP, resulting in eifher a tonic
elevation in serum ir GH levels and/or an increase; frequency of GH
secretory bursts. The finding that greater BWt increments were
related to serum ir GH levels suggests that the cGH RIA developed and
validated in Chapfer 1 measures circﬁlating GH in goldfish that is,
ét least in part, responsible for growth in géldfishf In support of
‘this, preliminary data presénted in Chapter 1 indicated that the

a

rabbit anti-cGH serum used in the*RIA cross-reacys with en@ogenous,

circulating biologically actiye GH in goldfish, causing a slowing of
growth. i

Tﬁe results of lesioning experiments and GH secretion in gold-
fish assumé greater importance in view of the recent demon;tgations of
SRIF in the hypothalamus of teleost fishes (for review: Cfim et al.,
. 1978) . SRIF has been measured by RIA ih whole brain extracts of
hagfish and catfish (Vale et al., l97é)'and tilipia (King and Millar,
19795, and has been identified in-the hypothaiamo-hypophysial complex
of rainbow troﬁ£ (Sqlmo gairdneri) with an’ immunofluorescence tech-
nigue (Dubois et al., 1974, 1978). More recently, Dubois et al.(1979)
investigated the anatomical.distribution of SéIF in the brain of
rainbow trout, and f&und immunoreactive perikérya in three hypo-

thalamic nuclei, including the NPP, NLT and an unnamed dorsomedial

hypothalamic nucleus. Notably, the staining appeared to be more in-

Eense and there were more reactive cells in the NPP than in the other



two locations (Dubois et al., 1979). In addition, these authors
noted that SRIF immunoreactivity in the NPP was quite apart from the
NPO, and that in some fish nearly all the NPP perikarya showed a very

. ‘ !
strong immunofluoresceni reaction. Results of hypothalamic lesioning
in goldfish in the pregent study and those of Fryer (1981) are con-
sistent with the studies of the distribﬁtion of SRIF immunoreactivity-
in rainbow trout (Dubois et al., 1978, 1979) inasmuch as the hypo-
thalamic areas noted for SRIF immunoreactivity were also the regions,
which when lesioned, resulted in increases in either growth rates and
serﬁm.ir GHulevels,or histologdical and ultrastructural evidence of
‘increased pituitary GH secretion.

It is reievant to note that SRIF detected in the hyéothalamus of
tilapia (Sarothe‘ro.don mossambicug) 1s probably immunologically
identical to synthetic mammélian SRIF and that SRIF extracted from
hypothalami of tilapia chromatograph; similar to that.of several
vertebrate species (King and Millér,‘l979). Recently, Fryer et al.
(1979) showed that SRIF inhibited GH,\?S measured by RRA, reléaéed

f g :
from tilapia pituitary giands maintainéd in an in vitro culture
system. In vivo studies in the goldfish have élso'shown that syn- .
thetic SRIF can inhibit‘sepﬁm ir GH levels in a dose-dependent manner
‘(see Chapter 2). Assgminélthat the di;tribution of SRIF in the
brain of goldfish, if pfesent,'is similar tg‘that of the rainbow
trout (Dubois et al., 1979; and see above), then the results of the
present study suggest that the increase in gfowth.detected in gold-
fish after lesiqm@qg the NPP is due to destruction of somato-

=

statinergic neurons in this nucleus and the resulting increase in

circulating GH levels.



Chapter 4. DAILY AND SEASONAL VARIATIONS IN SERUM IMMUNOREACTIVE
GROWTH HORMONE LEVELS IN THE GOLDFISH, CARASSTUS AURATUS

INTRODUCTION

Soon after RIAs for mammalian anterior pituitary hormones came
into routine use, it was found by frequent sampling that blood
levels of pituitary hormones often fluctuated abruptly {(Quabbe et «l.,
1966; Gallaghef et aZ.,_1973).> For example, GH se;retion in the
male rat is characterizeé by secretory episodes containing 1 to 3

b4

rapid-onset pulses separated by 1 to 2 hr periocds of bésal serum GH
levels (willoughby and Martin, 1976). Other studies have demonstrated
that this ultradian rhythm occurs with a 3.3 hr periodicity and is
entrained to the light-dark cycle (Tannenbaum and Martin, 1976);
Although GH secfet;ry dynamics have been studied extensively in the
rat and rapidly fluctuating serum GH levels.have also been described

. .
in a variety of experimental mammals (for review: Chiodini and
Liuzzi, 1979) and man (Plotnick et aZ;, 1975), few studies have
investigéted the possible importance of serum GH patterns in either
nutrient homeostasis or overall somatic growth (Tannenbaum et al.,
1979; Tannenbaum, 1981).

While it is certain that many temperate-zone spring-spawning
teleost fishes have seasconal variations in growthﬁrates (for review:
Carlander, i969; Bond, 1979) there are few detailed studies des-
cribing the changes in growth rates which occur within a single year.

In mature carp, Cyprinus carpic, a Cypriniforme closely related to

the goldfish, most of the annual growth increment occurs in the late

129 -



spring and early summer, following the spawning period in early spring
(Kawamota ot al., 1957).

This general pattern of seasonal growth
described for the carp is

similar to that of a wide variety of spring-
spawning teleost fishes

including white sucker (Cataslbomus commersont)

(Basset, 1975), barbel (Barbus barbus) ( Hunt and Jones, 1975)

perch
(Perca fluviatilus) (Le Cren, 1951) and the bluegill sunfish
(Lepomis macrochirus) (Gerking, 1966) It is likely that temperature,
photoperiod,

food availability and the metabolic demands that gonadal
maturation makes on resources all contribute to these

patterns

seasonal growth
(for reviews:

shul'man, 1974; Brett, 1979; Peter, 1979) .

Although associations have been made between environmental _
factors and seasonal growth rates, relatively few studies have in-

vestigated the possible role of pituitary GH in seasonal growth in
fishes.

Swift and‘Pickford (1965) used hypox Fundulus heteroclitis
to bioassay the GH content of pituitary glands obtained from perch.
sampled during an annuai cycle ana found that gfowth—promoting
acti&ity in the pituitary was highe;; in June, one month prior to the
periodrof maximum growth (Swift and Pickford, 19¢5). These authors
hypothesized that rising water temperature and/or increasing day

/

length stimulates GH synthesis, and that elevated temperature alters
GH secretion and taééet-tissue responsiveness.

Kaul éndvallrath (1974) have studied ?%e annual changes invthe
presumptive piﬁuitary GH cells of.the goldfish (C. auratus) by

electron microscopy. They found that from October to January the GH

cells had relatively little RER and seécretory granules, whereas in

February and March the GH cells had extensive RER and an increased

number of secretory granules. In the summer months the amount
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in the GH Collﬁ was increased further, but the secretory granules
were decreased in number compared to the spring months, which sugggsty
that increased rates of GH synthesis and secretion are associlated
with the summer period of increased growth in the qold}ish. It is
apparent, however, that without concomitant serum GH measurements the
results of Kaul and Vollrath (1974), and also those of Swift and
Pickford (1965), are open to altexpative explanations. The studies

. ) :

cited above and others (Pickford, 1959; Saunders and Henderson, 1970;
Komourdjian et al., 1976, 1977; Adelman, 1977) all suggest from
indir?ct evidence, that endogenous teleost GH is involved in the

annual growth cycle. However, without a validated assay suitable for

the measurement of endogdnous %erum GH levels, it has not been

possible to assess the possiblé relationship between annual growth
cycles and circulating GH level% in teleost fishes.

‘ | . . . . .
In fishes in general, and the goldfish 1in particular, circadian

rhythms appear well establishedtfor circulating levels of several tele-

~
7

ost hbrmones (gonadotropin, Hontela and Peter, 1978; thyroxine, Spieler
and Nbeske, 1978; prolactin, McKéown énd Peter, 1976; cortisol, Peter

et al., 1978). However, data conéern;ng tne possible-existence of a cir-
cadian rhythm in circulating 1eve#s of GH in fishes, based on the single

study of kokanee salmon (Leatherlénd et al., 1974) are equivocal. These
N . | '
” \ . A iyt
authors pronged/no déta concerning reproducibility or stability of the

two serum 'GH' peaks and the Validity of the heterologous GH RIA used in
7 |

this study has been questioned (see GENERAL INTRODUCTION).
/ ! .

/ |
The present study was designed to determine if goldfish serum ir GH

, |
levels, measured with,the cGH RIA validated in Chapter 1, might vary
. p \ v
' \
|

v |
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in cither a daily and/or hourly time period. Tn addition, the

yresent study desceribes variations in serum ir GH measurements
!

obtained from large numbers of female goldfish sampled at three

separato times ot year




- MATERIALS AND METHODS,,

I. 7Source and Maintenancé*of‘E#perimental Animals
The source and general holding procedures, for the goldfish used
. >
in, the experiments of tHe present study have been described (see

€hapter 2). ' o ‘ . . .
?' -~

II. Experiments

3

Experiments 4.1 and 4.2

% At the start of these experimenﬁs groups of 7 to 11 female yuld-
(\ ‘ X ‘ L3 X . .
fish were fin-clipped for individual identification ani acclimated

f6£ 2 weekg-to 12 + 1°C and either a 8L:}6D light-dark cycle
(Experiment 2.1, February, 1980) or a 12£:12D light-cark cycle
(Experiment’4.2, April, 1986), with lights on at(OS:OC r. In each
experimept 8 groups of fish were maintéined separately, irn similar

96 % flow-through aquaria. ‘Onithe first day féllowing the acclimation
peripd blood Samples‘werelobﬁainéd from groups of fish at 3.43 hr
intervals (i.e. 3 hr and 26 min) over a 24 hr periqd cémmencing at
24:00 hr. For convenience of preseﬁtation of the&statistics in Figs.

4.1, 4.2 and 4.3, sample times were rounded to the hr nearest the

midpoint of the sampling interval (i.e. 03:26 rounded to 03:00,.
~ L

/ 06:52 to 07:00, 10:18 to 10:00, 13:44 to 14:00, 17:10 to 17:00,, and
. ’ 3 . N
):36 to 21:00 hr). The method of anaesthesia, blood sampling
G : v ‘ :
r)/V;;oceQ9re and preparation of the serum for RIA have been described
i B ¥
1

o <
previously (Coock and Peter, 1980).. Each group was sampled over a-

. 15 to 20 min 'interval and the maintenance of fish in individual

R
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hooded aquaria ensured that sampling of one group of fish did not
influence the sampling of any other groups of fish. ‘At 09:00 hr on
the day following-the first blood sample’, the temperature was

gradually raised to 20 * 1%¢. A second blood sample was obtained

~from each fish after 5 d at the elevated temperature, at the same.’ ‘“’J//’/
time in the light-dark cycle as the first sample. During the acclima -
tion periods the fish were fed Ewos (size 5P) trout chow (approximate-

ly 1% BWt/d) once per day, at preselectéd randomized times during the

. . . ,
photophase. Feeding was withheld on /the days of blood sampling.

Experiment 4.3

In thié'experiment, performéd in Augﬁst, 1980, all pro;edures
including the acclimation time[‘method of feeding and blood sampling
were similarito those described for Experiments 4.1 and 4.2 except
that the fish were maintainea under a 16L:8D light-dark cycle, and
lbnlz/glsingle blood sample &as taken.aféér an initial acclimation

L

period to 20 * 1°C. At the end of each experiment BWt; sex and

gonad weight were noted for each fish.. The gonosomatic index (GSI)

%_for each fish was calculéted as described by Cook and Peter (1980).
/ . ‘
- / : o
/ .

/

Eiperﬁments 4.4 énd 4;5

The‘ggﬁ—normal,distribution and large variability of.serum ir GH
levels obtained in most of the groups sampled from the expefimenté
outlined abgve suggested that serum ir GH levelé might fluctuate in
a pulsatile manher, similar to that described for mammals (seé |

INTRODUCTION). For exdmple, in Experiment 4.1, the serum ir GH levels



fanged frém 15.54 to 94.85 ng/my in the group of fish held at 20 * 1°C
and sampled at l3:44.h£. Experiments 4.4 and 4.5 were designed to
examine the cauée of this"variébility in goldfish serum ir GH levels.
For Bxperiment 4.4, i26 male goldfish were acclimated fé} 4 weeks
to a simulated ambieht light-dark cycle (April, 1980) and 12 % 1°c,
ana then randomlyfdistriputed into 2 groups of equal number in similar

296 { flow-through .aquaria. After acclimation for a further 10 4

the tank temperature was gradually raised to 20 * 1°c, since

-

Experiments 4.1, 4.2 and 4.3 all suggesteqman increased occurrence
of Variable and elevated serum ir GH levelé {n:fish‘acclimated to
200 compared to 12°C. After 5.4 at 200c? one group of fish was blood
sampled at 09:00 hr aqd again 30 min later. Fish were fin-clipped
fér iﬂdividual iden£ification afte; the initial blood sample was
obtained. The methods of anaesthesia, blood s?mpling and preparation
of ée;um.for thé cGH RIA were as descr}bed for Expéyiments 4.1 to
4.3. The second group of fish were sampled in a similar manner at:
16:15 and 16:45 hr. ‘ N | ‘ E
forUExperiment 4.5, 11 large female géldfish (104.80 = 5;15
g BWt, X * SE) were maintained and acclimated as déscribed for |
Ekﬁeriment 4.4. Blood samples (90 to 110 ul) were taken at 29 min
intervals:for é 2 to 3 hr period between 10:00 a@d 13:00 hr. 1In

"

this experiment sampling was accomplished without anaesthesia using

i 4

gentle restraint in foam rubber blocks.  Serum was processed for the

cGH RIA as described in Chapter 1.
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III. Carp Growth Hormone Radioimmunoassay

The cGH RIA procedures and validation for the measurement of

goldfish serum GH have been described in detail (see Chapter 1).

IV. Statistical Analyses

Experiments 4.1, 4.2 and 4.3 were analyzed by one-way analy51s
of variance and Duncan's multiple range test (Steel‘and Torrie, 1960)
for aifferences.between group means at each acclimation temperature.

S

The data were normalized using a logarithmic transformation prior to

statistical analy51s. The paired Student's t-test (Steel and Torrie,

1960) was used to%%pm$@me changes in serum GH levels between indivi=-
A, %;i"
dual fish sampled at 12 B lOC and 20 £ lOC, at each sampllng time.

For Experiment 4.4 significant differences in serum ir GH levels

between the first and second samples of individual goldfish were

"determined using the paired Student's t-test. The Student;s t-test

was used to compare mean serum ir GH values from/the fish sampled at

either 08:30 and 09:00 hr with those sampled at 16:15 and 16:45 hr.“
Since the sensitivity of the cGH RIA is approx1mately 5 ng/ml serum
and- since the precision of this assay permlts detection of differences
between separate samples of 5 ng/ml serumuof less (see.Chapter&l),
changes in serum ir GH values of greater than 5 ng/ml between the 2
samples from individual fish were considered significant for the

purposes of this experiment‘and for Experiment 4.5.

I3
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{p < 0.01) after acclimation to 20° compared to 12°Cc (Fig. 4.2); -

RESULTS

Expefiment 4.1 (February, 8L:16D)

Fig. 4.1 showé the éerum ir GH levels in femalg goldfish after
acclimation to either 12 or 20°C. After aqclimation t6 12°C the mean
serum ir GH level of fish sampled at 00:00 hr Qas significantly less
than thelgroups sampied at 03:26, 10:18, 13:44 and 24:00 hr (p < 0.01).

Serum ir GH levels measured at 06:52 and 20:36 hr were also signifi-

;’cantly less than those obtained at 24:00 hr (Fig. 4.1). Although no

significant daily fluctuations in serum ir GH were detected in the
fish after acclimation to 20°C, there was a significant increase in

serum ir GH over>the levels found in the same fish acclimated to

112°C at 00:00, 06:52 and 20:36 hr. When all the samples taken'ét

each temperature were pooled and cbmpared to each other, it is

evident that the mean serum ir GH levels afe greater at 20° than at
12°c (o < 0.001) (Table 4.1). The GSI of the fish used in Experiment

4.1 was 4.11 * 0.62 (X + SE).

Experiment 4.2 (April, 12L:12D)

oo
P

In Experiment 4.2 ‘here were no significant differences,in serum
. - v 1

ir GH levels between groups of fish sampled at various times of day

?

after acclimation to either 12° or 20°C (Fig. 4.2). The group of

fish sampled at 10:18 hr had significantly elevated ir GH levels

-

however, there were no significant differences between fiéh acclimated

to 12° compared with those acclimated to 20°9C when all the samples
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Fig.

4

1.

Serum immunoreactive growth hormone (ir GH) levels
(X *+ SE) from female goldfish, in February 1980,
acclimated for 2 weeks to 12 ¢t 1°c and an 8L:16éD

light-dark cycle with lights on at 08:00 hr

( ) and after a further'S d at

20 £ 17°C (mo=—mmwmemmenm ). The results of the
Duncan's multiple range test (p < 0.01) are
indicate;; groups with common underscoring are
not significantly different. Significant
differences between the -12 and 20°C samplé times

were determined using the paired Student's t~-test

(*, p < 0.05). Note the log10 ordinate axis.
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TABLE 4.1

140

Average of serum immunorefctive gfowth hormone (ir GH) levels obtained
at 8 separate times of the day in female goldfish held under different
environmental regions and at different times of the year.

Experiment 4.1 4.2
-
OcC February April August
8L:16D 125:12D 16L:8D
ng ir GH per ml serum
N 62 . 60
-~ 1
12 X 17.46 (p < 0.001). 31.89
. + ' C +
SE 0.88 . 1.65
4 = l
(p < 0.001) ¢ (NS) '
N 61 o 58 68
20 X 29.23 (p < 0.05) 35.91 | (p < 0.001) 55.88
+ : ' * e
SE 2.17 1.98 3.02

1 “Values are obtained by pooling ithe data from each of the 8

'sample times of Experiments 4.1, 4.2 and 4.3.

2 significance levels determined using either the paired or unpaired
Student's t-test, as appropriate (NS = nonsignificant).



Fig. 4.2.

Serum immunoreactive growth“hormone (ir GH) levels
(X t SE) from female goldfish, in April 1980,
acclimated for 2 weeks to 12 & 1°C and a 12L.:12D
light—dérk cfcle with lighﬁs on at 08:00 hr

(————————), and after-'a fgrther 5 4d at

20 £ 1°C (~—======_-Z-—-). The results of the

Duncén's multiple range test (p < 0.01) are

-indicated; groups with a common underscoring are

not significantly different. Significant

differences between the 12 and 2OOC sample times

were determined using the paired Student's t-test

(*, p < 0.0l).‘ Note the ldglo ordinate axis.



142

oove

00:0¢

0080 00:¢¥0 0000
1

100>d “*
g 0} g=u

J0C ¥e2 12 1 ¥L. 0L L ¥ O

All ve 1g Livvl O L ¥ O

l_;l‘

ot

02

0s

1ad HH 1l Bu

|w

‘wniliag



taken at each temperature were pooled for comparison (Table 4.1).

~The GSI of the fish used in Experiment 4.2 was 11.44 t)1.01% (X + SE).

Experiment 4.3 (August, 16L:8D)
Fig. 4.3 shows éerum ir GH levels in female goldfish after
9

acclimation to 20°C. . The fish sampled at 10:18 hr had significantly
lower ir GH levels compared with those sampled at 00:00 but not 24:60
hr. The GSI of the fish used in Exper%&ent 4.3 was 1.37 % 0.24s.

Table 4.1 presents a comparison of the serum ir GH levels in the
female goldfish from Experiments 4.1, 4.2 and 4.3 after averaging of
the values obtained at the 8 sample times of the 24 hr period. _Fish
sampled in April, after acclimation to 12° and 20°C (Experiment 4.2),
had avérage serum ir GH levels that were significantly greatér com-
pared with those of the fish sampled in February (Experiment 4.1)
after acclimation to the same temperatures. In turn, fish sampled in
‘August (Experiment 4.3) hadkaverage serum ir GH levels which were
significantly greater (p < 0.00l) than those of fish sampled in April

’

acclimated to 20°C (Table 4.1).

Experiment 4.4 and 4.5
The results of Experiment 4.4 are summarized in Tablé 4.2 and
Fig. 4.4. The fish sampled at 16:15 hr had significantly greater
'seruw ir éH levels than those samplea at either 09:60 or 09:30 hf
(Table 4.2). Furthermore, serum ir GH levels in éoldfish sampied at
16:45 hr were significantly elevated compared with those of the fiéh

sampled at 09:30 hr. There was a significant decrease in serum ir GH
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Fig.-4.3.

Serum immunoreactive growth hormone (ir GH) levels
(i-t SE) from female goldfish, in August 1980,
acclimated for 2 weeks to 20 % lOC and a 16L:8D
light-dark cycle, with lights on at 08:00 hr
(=== ). The results of the Duncan's
multiple range test (p < 0.0l) are indicated;
groups with common underscoring ﬁ

significantly different. Note th ordinate
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L6

TABLIY 4.2

-,
. .
Serum lmmunoreactive growth hormone (ir CH) levels in two groups of
male goldfish each sampled twice, 30 minutes apart in either the
morning (Group A) or afternoon: (Group B),

- -

group Group A Group B
N 63 63~
sample times (hr) 09:00, 09:30 16:15, 16:45
ng ir GH/ml serum 32.86l (p ©~ 0.01) 38.22
+ t
2.00 l1.63
’
2
(o < 0.01) (p < 0.01)
ng ir GH/ml serum 26.00 (p < 0.001) 32.48
b *
1.25 1.37

: e

1 All data are X + SE.
}‘ ' Jo iz}

: . LAY
Significance levels determined using either the paired
or unpaired Student's t-test, as appropriate.
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Serum imﬁﬁaoreactive growth hormone (ir GH) levels
: Rd]

_‘in male goldfish acclimated to 20 #* 1°c. Each fish
wi§ blood sampled twice, 30 min apart ip'either
the‘mo:niﬁg (A)‘ér afternoon (B). The grbup
sampled in the morning was samplea at 09:00 and
09:30 hr; Ehe afternoon group was sampléa at 16:15
and 16:45 hr. The figufe illustrates the changes

observed in individual fish in the seruﬂrir GH

levels at the first and second samples. The

diagonal line and the shaded area representsba

- line of no change (i.e.,”glope = 1) and the

Sy
7

shaded area around the line encompasses the fish

which increased or decreased by less than 5 ng ir

GH/ml serum. " Five ng ir GH/ml serum is considered

-

s \ to be less than a detectable change because of

assay sensitivity (see MATERIALS AND METHODS) .
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levels betweeén the first and second samples in Bétﬁ gf&ﬁﬁé of gold- W
Lfisﬁ; Fig. 4.4 diagrams serum ir GH chan%es in individual fish
sampled at either 09:00 and 09:30 hr (panél A) or 16:15 and 16:45
hr (panel B); the shaded area demanﬁ&%es.chaﬂges bet@een the 2
. S
sample>£imes of less than 5 ng ir GH/m%“serum. Analysis of the
changes in serum ir GH levels in indiviéﬁal goldfish between the 2
blood samples taken at 09:00 and 09:30 hr (group A) indicated that
about 90% bf the fish in this group showed either significant
(i.e. greater than 5 ng ir GH/leSerum difference between first and
second ;éﬁple; see MATERIALS AND METHODS) decreases (51%) or no
.significant change (38%); a small%;umber-of"f;sh (lO%)'showed signi—
ficant‘increases of bet&egﬁ 5 and 31 ng ir Gé/ml serum over the 30
" min sampling interval (Fig. 4.4). similarly, 52% of the fish'sampled ‘ ~
duri;g the afternoon (group B) shéwed decreases of greatervthan 5 ng,
ir GH/ml serum between the 16:15 and 16:45 hr samples and 40% of the
fish did not change by more than 5 ng ir GH/ml serum bétween'these
2 sample timeé. As. with the group of fish sampled at 09:00 and
09:30 hr, about 10% of the fish in group B showed 1ncreases greater
ﬁ than 5 ng ir GH/ml serum between the 16:15 and l6 45 hr samples.
Fig. 4.4 also shows that thejgish which show appreciable decreases
during the experiment tend aléo to héve elevatedisepum’ir GH levels .
at the firsg éééple {either 09:00 Qé@%%515 hr).v Thére ig no apparent
relationship for fish which showed appreciablé incre;ses ingserﬁm
ir GH levels. |
. 29

The results of Expérimenﬁ 4.5 are shown in Fig. 4.5.a Of the 11

fish sampled, all but 2 fish (I and K) showed changes of greater. than

5 ng ir GH/ml serum within at least one 20 min interval of the



'
Fig. 4.5. Serum immunoreactive growth horﬁone (ir éHj levé}s
obtained from large femdle goldfish\éérially
sampled at 20 min intervals from 10:00 to 12:40
hr. The acclimation procedure, tank temperature
and light-dark cycle were as described for
Experiment 4.4. The series of samples from an

individual fish are identified by a letter:
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sampling period. Fou? fish (D, E, F and L) sdeed similar transient
significant peaks followed by alslower decline to basal serum ir GH
levels (Fig.'4.5): Wwhen the serum ir GH patterns for these 4 fish
were shifted with reséect to time in order to align the highest ir

GH level; the composite pattern suggested that the inéreasing.portion
of the.peak serum ir GH level occurred over a shorter‘time interval

than the declining.portion (20 min compared to 60 min; see Fig. 4.06).



¥ MNu,

N

Fig. 4.6. Serum immunoreactive growth hormone (ir GH) levels
of serial blood samples obtained from fish D, E,

F and L (same data as shown in Fig. 4.5). The
sequence of values obtained at 20 min intervals
from each fish was shifted with respect to those
of the other fish to align the largest ir GH level
(assigned ﬁq‘time 0 in the figure). The vertical

bars represent the standard error and the number

T of values at each point are as shown.
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DISCUSSION

Although circadian rhythms or significant daily>fluctuatiohs
have been described for circulating levels of cortisol (Péter-et al.,
1978) , triiodothyronine and thyroxine (Spieler and Noeske, 1978),
prolactin (McKeown and Peter, 1976) and gonadotropin (Hontela and
Peter, 1978) in goldfish, thé present study provided no evidence for
reproducible daily.variations in serum ir GH levels in this fish.
Serum ir GH levels from groués of fish sampled at certain times were
significantly différént from other times during the same 24 hr period.
For example, in Experimept 4.lvthe groups of female goldfish accii—
matea to lZOé and sampled at 20:36 and 06:52 hr had significantly

lower serum ir GH levels than those sampled at 24:00 hr. However,

'

since individual serum ir GH levels were variable within each group'

of fish and 'since the 00:00 and 24:00 hr sample values were signi-
ficantiy different, it is not likely the observed patterns of serum
ir GH levels in Experiment 4.1 are part of a circadian GH rhythm in
thevgoldfiSh. In addition, ﬁhere were no significant differences in
serum ir GH levels at any of tﬁz sample times during the 24 hr‘
sampling periodé of Experiments 4.2 and 4.3_after acclimation toll2

and 20°C. ' However, thase negative results regarding a possible’

circadian rhythm in serum GH in goldfish must be viewed cautiously

A
SRS

© since serum ir GH levels were significantly different when very 1

B
RN

Arge.
numbers of goldfish (N=63) were sampled at two separate times of day

(Experiment 4.4). In addition, considering the results of Experi-

ments 4.1 to 4.3, the possibility of a daily GH rhythm in goldfish

155
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kept under différént environmental conditions can not be ruled out.
However, since the péttern Qf ir GH levelg obtained from serially
“*sampling individual goldfish suggests that GH is secreted in a
pulsatile manner (see below), there would have to be partial temporal
synchrony of serum ir GH levels within a population of fish in order
to detect a significant daily cycle of serum ir GH levels. Although
only 11 fish were sampled repeatedly in Experiment 4.5, there was no
evidence that the patterns of serum ir GH levels obtained from
individual fish were synchronized with respect to time.

There is only limited publisﬁed evidehce available to support
the concept of diurnal GH variations in teleosts.: Leatherland et al.
(1974)  described a.cifcadian rhythm in plasma GH levels in juvenile
kokanee salmon, Oncorhynchus nerka, maintained at 10 to 12°c ﬁnder a
natural daylight photoperiod. AltHough these authors described
significant GH peaks at 03;00 and 12:00 hr,  they provided no data
concerning reprodupibility or stability of the 'rhythm' or whether
similar patterns are present in salmon maintained undér other

. conditions (Leatherland et aZ{;-l974). Further&ore, the @éterologous
GH RIA used in their study has not been sufficiently validated to
permit'an accurate assessment of the substance(s) measured
(Nicoll,‘l975; see GENERAL INTRODUCTION). More recently, Carillo
et al. (1980) have shown.a significant daily variation in nuclear
area of.presumptive GH cells in tilapia Q(Sar"othepodon mossambicus)

maintained at 22 to 23°C and either a 15L:9D or 9L:15D light-dark

cycle. The finding that the nuclear area of GH cells was greatest

.

at the end of the photophase and lowest at 8 hr after the end of the
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photophase in both short and long photophase experiments (Carillo
et al., 1980) suggested that this rhythm of the somatotrope cells
is detgrminéd by either the start of the scotophase o; end of the
photophase. Without serum GH measurements it is not possible to
make!§ direct comparispn between theirs, and the preseﬁt study, to
determine if the species used, experimental conditions or other .
factors are responsible for the different results. Obviously, the
,question'of possible circadian GH rhythms in teleosts remains open.
A number of inveétigators have assumed that GH secretion variés
seasonally in fishes and can be influenced by environmental factors
(e.g. Gross et al., 1965; Swift anc;i;fPickford,‘ 19'65; Gerking, 1966;
Saunders and Henderson, 1970; Komourdji;n et al., 1976; Adelman,
1977; Clarke et al., 198l). The present study provides the first
direct evidencé for seasonal variations in serum GH levels in a
teleost fish. Mean‘serum ir GH values (obtained by avéréging all
samples obtained during the single 24 hr sampling period) were sig-
nificantly lower in fish éampled in February (8L:16D), after
‘acclimation.to l2°C> than «in fish sampled in April (12L:12D) also
acclimated to lZOC. Furthermore, in August (16L:8D) average serum
ir GH levels of female goldfi;h acclimated to'2OOC_weré significaﬁtlY'
greater than those of fish sampled in Féb;uary or April, after
acclimation to 12 and 20°C. Since the serum ir GH values outlined
aoneiwere obtained.by averaging a.large number (N=58 toné8) of
individual serum ir GH measurements obtained from goldfish sampled

at 7 equally spaced times of day, it is apparent that differences in

results of Experiments 4.1 to 4.3 are more likély‘related to either

v



the time. of year or photoperiod rather than the temporal pattern
of GH release in individual fish (see below) or time of day of blood
sampling. ) \

The finding that goldfish serum ir GH levels, averaged over a
24 hr period, were significant/y elevated in August compared to those
of eithgrnéebruary or April, s\ggests that the increased growth rates

/ . -

observéd,in the post-spawning pgriod, usually during the late spring
and early summer months Eér a variety of fishes (see INTRODUCTION),
is related to én increase in GH secretion. It is important to
emphasize, however, that the experimental design of the present study
does noﬁ permit definitive conclusions regarding the cause of the
difference in average serum ir GH levels between Experiments 4.1 to
4.3. Since both time of year and the experimental lidht-dark cycle
changed concurrently, either or both of these factors may have.con—
tributed to the observed results. Although‘the exéerimental protocol
and blood sampling procedure used in the present study prevented the
simlutaneous determination of growth rates and serum ir GH levels,
other studies in this laboratory have shown that growéh in éoldfish,
acclimated during‘August to 20°C and a 16L:8D light-dark cycle, is
significantly faster than that of fish maintained at 20°C and a
12L:12D light-dark cycle during April (A.F. Cook, unpublishéd re-=
sulfs);

Studies concerning the periovulatory changes in ciféulating
hormone levels from a natural population of white suckers, Catastomus

commersoni, have indicated significant differences in serum ir GH

levels at the time of spawning (N.E. Stacey, A.F. Cook, D. MacKenzie
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.ﬁ*;?x aﬁg GH - measurgmpnts obtalned from
' % “" ’fww. o :;
female suckers prlor to and during ovulatlon (3J andf47 ng &r CH/&%
.serum, N=19 and 11, respectively) were 51gn1f1cantly Iess”than those ”3Qwﬁfm *§_f
from spent fish (74 ng ir GH/ml serum, N=9). Since‘spént-(i.e. ﬁost—'gﬁa
P ﬂ; D
spawniﬁg) white suckers. are known to leave the spawning grounds wi%hin }wl .
s 1(:& A «-g
several days following ovulation (Scott and Crossman,1973; N.E. Stacey, - ' . g
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personal communication) and since serum ir GH measurements from spent
5

fish sampled at the spawning grounds are greater than those from
ovulating fish, it is likely that GH secretion increases soon after

spawning. in this species. It is not known if serum ir GH levels are

elevated as quickly after ovulation in the goldfish as in the sucker,

but the present study has shown that serum ir GH levels of sexually
regressed female goldfish in summer (Auéust) are greater than in pre-
ovulatory females sampled in the spring (April); In addition, serum ir
GH measurements from éexually :égressed goldfish (GSI = 1,37 * 0.24%,
X .+ SE) sampled in August (Experiment 4.3, 55.88 * 3.02 ng ir GH/ml
serum) were greater than ir GH levels obtained from 2 preovulatory
goldfish (GSI = 9.08 + 2.00%; 29.28 and 44.94 ng ir GH/ml serum) held
under ideneiéal conditions at the same time of year. |

Since increasing ambient temperature from 12 to 20°C resulted in a
marked increasc in serum ir GH levels in February (8L:i6D), but not in
April (12L:12D), it is apparent that, in addition to reproductive state,
the season (i.e. month of year) and/or light-dark cycle can modify the
GH response to t%mperature. A large number of studies have deménstrat—
ed that, in fishes, the growth response increases wiﬁh elevated tempera-

ture up to an optimum, then declines at above optimal temperatures

(for review: Brett, 1979). Since it has been shown that elevated serum
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ir GH levels tan be dssociatéd with elevated growth rates.in goldfish
(see Chapter 3), the serum ir GH response to a temperature in. :ocase
observed in February, but not April, may represent part of a pituitary
mediated temperature effect on growth of qoldfig&. Together, the
effects of temperature and season ana/or photoperiod on serum ir GH
levels in goldfish m;ke’it possible %% speculate that GH secretion in-
creases‘progressively during the period from early spring to the-summer
months, withdhaximum levels associated with the period of most rapid

»

somatic growth occurrihg aftef\the spawning season and that GH
Y

secretion is accelerated by incfeasing ambient temperature in the early
. \
spring. The present study has perided support for the presumed re-

\
lationship between seasonal growth ?nd GH secretion in teleosts {see

INTRODUCTION) and has demonstrated t%at the goldfish, and the cGH RIA
described previously, will be useful to further our understanding of
the ro%g‘of various environqental factors in influencing circulating
GH -.lev‘elé in fishes.

Sérum iglGH levels in goldfish from a variety of experimenﬁs
weré 6ften nén—normally distributed with low values bunched close to

tﬁe"mean and elevated values extending far above the mean. 1In

1

Eﬁperiment 4.4 the distributionwof serum ir GH values from the group

-, of goldfish sampled at O9:bO hr was significantly different from a
Jnormal,disfribution,of values (p'<OLO5, Kolmogorov-Smirnov test of’

’normélity,‘qnax=o.l78), and a logarithmic transformation of the

values resulted in a normal distribution. Since there was a signif-

° icant difference between the serum ir GH values of individual fish
sampled at 09:00 and 09:30 hr it is likely that the non-normal

- .distribution is; a result of the changing serum ir GH levels in



individual fish, rather than a non-normalhdistriﬁution of constant
'éergm ir GH in individual goldfish.b The finding thaﬁ serum ir GH
1evels cangchange markg@{y in the 30 min sampling interval of
Experiﬁent,4.4 Fuggésts(that GH may be released inbspontangoué Bursts
"similar to that éeécribed‘fér m;mmals~(f§r review: Martin, 1976;
Weiner and Ganong, 1978; s€e INTRODUCTION). If it is assumed there

is a-ncn-uniform‘distribu;ion oﬁAGH secretory bursts with respect to
time, as suggested by Expe;iment 4.5, and that the effect of'sampliﬁg
on serum ir GH levels is similar for all goldfish, then the finding
that'mbie fish showed décrements than showed ihcréments over the 30
min period, suggests thaé ﬁhe time—inte;val of a 'GH sécretory burst’
is much égorter'than tﬁat of the subsequent decline td bqsal if GH
leVe15: Although it is poss;ple ﬁhat the stress of the first blaod
sample may have'influencéd the secqnd'%erum ir GH measureﬁent,‘the-
finding that both the~ma§ni£ude and‘direc;ion of change between the
two samplés wés’differeht in individﬁai goldfish, in spite of théir‘
similar BWt) su&gests that ;he observed results wéré ﬁbt due td'blééd
séméling. In addition, daté obtaineqvby serially sampling large
goldfish also dgmbﬁstrated tﬁe pulsatile variaﬁiogs invserpm.i? GH
levels and cénfirmed that the bursts occur over a Shortef time
period (about 26 min) than the declining periodh(about 1 hr) ;éee
Fiq. 4.6). “ |
The‘Short-term fluctuations in serum ir GH levéls shown-'in
Figs. 4.4 to 4.6 were of a smalier amplitudg than that observed in

other studies’in goldfish (A.F. Cook, unphblished results) and in

the rat and other mammals (for review: .Chiodini and Liuzzi, 1979) .

£

lel
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While it is p0551b1e that the secretory GH patterns are smaller in

‘changing serum ir

‘of many spring-spawning teleost_fishes, it

goldfish than in mammals,_add1t10na1 studies are required to determine.

o
.

whether the method of anaesthesia or blood sampling procedure are, in

part, responSLble for thls difference. In addltlon, futuretstudies

will have to determine the effect of feeding on pulsatile GH release

~_,l '

in goldflsh in view of recent studles in the rat where food ?
deprivation for 48 and 72 hr was shown to suppress pulsatlle GH
release (Tannenbaum etral., 1979; Tannenbaum, 1981) .

Whlle addltlonal studies are requlred to determine 1f the
GH levels are part of an ultradian rhythm or

represent random GH secretory bursts, the

q/

present; resultg stxongly
p

I f s

" suggest pulsatlle GH release in goldfish. Slnce9§be pr%ienm study

-

has also demonstrated'seasonal varlatlons in goldfish serum ir GH

. S .
levels that can be related to the seasonal pattern of growth typical

istossible that the

+

seasonal variations in GH secretlon 1n goldflsh represent superim-

'posed neuroendocrlne 1nfluences on the pulsatlle secretory mechanism.

s
( fane)
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GENERAL DISCUSSION

The major objective of the present study was the development of
a valid RIA suitable for the measurement of circulating GH levels in

goldfish., Results.preSénted in Chapter 1 demonstrated that the cGH

RIA provided reproducible and sensitive measurements of ir GH in

goldfish serum. The sensitiyity and range of this RIA was suitable

for the wide variety of goldfish physiological studies described in

Chapters 2 to 4.

 The specificity of the cGH RIA for endogenous circulating GH in

goldfish was investigated using several independent procedures which

-

are summarized below., First it was demonstrated that serial dilutions

of serum from goldfish with gn intact pituitary glahd caused RIA

inhibition curVes which were parallel to that of purified CGH,
L

whereas serum from hypox goldfish did not cross-react in this RIA.
G- : .

. . : o L

Second, goldfish serum ir GH levels were not altered under conditions

which were associated with marked changes in GTH and PgL secretion.

Third, the ir GH measurements of goldfish serum which had been frac-

tionated by gel filtration (Séphadex G-100) indicated'chromatographid

'

C e . . : . e 2
similarity between serum ir GH'and purlfled'l 5I—cGH. Fourth,

immunoadsorption of goldfish»sefum with rabbit anti-cGH serum and

'subsequent gel filtration Suggested.that the rabbit anti-cGH serum

used in the RIA binds to circulating goldfish GH, supporting the
specificity of the cGH RIA. Fifth, analysis of RIA inhibition curves

. . - _ . .
caused by serial dilutions of carp GTH and goldfish PRL indicated’

‘that the contribution of these hormones to serum ir GH measurements

!H . ‘ RS

16
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is either negligible or nonexistent. Sixth, results obtained using the

PAP\immunohistechemical teehnique extended the RIA analyses of hofmone
specificity by demonstrating that the rabbit anti;cGH serum reacted
only with the elecfron dense granules of the grewth hormone cells in
the goldfish pituitary gland. _Since the presumptive hormone granules

of the other goldfish pituitary cell types did not react usf%g the PAP

"method and the rabbit anti-cGH serum, it is likely that only goldfish

GH reacts in the RIA.

The biological activity of the cGH used for standards and tracer

_in the RIA was determined by measuring its growth promoting ‘activity

“in a near—homologous bioassay. Intact goldfish injected with 1 ug

cGH/g BWt galned weight at a significantly greater rate than efther
the pretreatment comtrol values or simultaneous vehicle injected

groups. Prellmlnary results obtalned by passive 1mmunlzatlon of gold—

\

investfgations ar quired to fully evaluate the biological activi-

/

_ties of both the/cGH and the rabbit anti-cGH serum, the present study

i

: /
has demonstrated tHat the cGH RIA is based on a growth—prom&ging hHor-

mone and grewth—ne‘traliéing antisera.
A series of expgriments described in‘Chap;er‘Z demonstrated an
iﬂhibitory action of synthetic mammalian SRIF on serum ir GH Ievels in
male goldflsh Two ip lnjectlons of either 0.5 or 1.0 ug SRIF/g BWt
given 12 hr apart caused a 51gn1f;cant decrease in serum ir GH levels

at 1.5 hr following the second injection and also resulted in a.

significant post-inhibitory fepqﬁnd in serum ir GH levels at 24 hr

R e

s

it
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post-injection. Analyéis of the changes in:serum ir GH levels in

individual goldfish suggested'thét SRIF may act by inhibiting only the

spontaneous GH secretory bursts (see below). Since SRIF also inhibits

GH release iP a variety of mammals and in birds (Chiodini and Liuzzi,
1979),‘the cGH RIA developed in the present study shares, in common
with a wide variety of independently developed GH RIAs, the property
of measuring the inhibiuion of serum ir GH levels after SﬁIF'treatment.
In addition, these results extend’preuious studies by Fryer et al.
(1979) who demonstrated tﬁat SRIF produced’a dose~dependent inhibition
of GH reiease from tilapia pituitary glands cultured in vitro. Since
SRIF has been shown to inhibit GH release in‘vitro (tilupia‘ GH
measured‘by.RRA, Fryer et al., 1979) a€§§€n vivo (goldfish GH

;,measured by RIA, present study), and has been located in several

# '~ ~
wihypothalamlc nuclel, espeCLally the NPP (rainbow trout, SRIF detected

TR
',J\«-

by 1mmunofluoresce§cev Dub01s et al.y 1979), in teleost flSheir it

0

is now reasonable to postu}ate ‘a role for SRIF in the regulatlonaof
.ﬁﬂ‘"
GH\secretlon in thlswVertebrate group. ”Further support for this

hypothe51s is prov1ded by results o% brain 1e51on1ng4§tud1es which
o] R
A(M

indicated the NPP of the goldfish hypothalamus was involved in the

inhibition of GH secretion in this species (Fryer, l981ﬁ see ngpfér
3).

Additional experiments presented in Chapter 2 investigating the
b s -

effects of a variety of monoamines -and related drugs and their inter-

3 . :
action with SRIF on serum ir GH levels in goldfish also provided new

information regarding the neural regulation of teleost GH secretion.

7

y

; N
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Systemic injections of 50 to 100 ug L-DOPA/g BWt»reéulted in a dose-
- S i S
AV,
dependent elevation in serum ir GH levels at 1 hr post-injection.
_\, '. ' ) P ~

~

The finding that the serum ir GH response to a combinatioﬁ_of L-DOPA
and the peripheral decarboxylase inhilgitor CARBIDOPA was greater than
that of an equivalent dose of L-DOPA alone suggests a CNS site of

action for L-DOPA in elevating serum ir .GH levels in- goldfish. Since

.

: u ‘ .
* NE decreased serum ir GH levels during the summer months at a time

when L-DOPA increases serum ir GH levels, it is likely that 6A, and

not NE, is responsi¥le for the central stimulatory effect'of_LfDOPA on

GH secretion in goldfish. Further work is necessary to determine
) 5 asfr.,w l':“w‘v‘:;_{‘*‘
whether this actioni of DA on serum ir GH‘;TWGlgggsiﬁrdiated by the

action Qf'SRIF and/or GHRF on the somat#¥

'>.tor§-cei}s of the
geldfish pituitary gland.
5 ' g

[Py
&3 B -

Results of exp¥ féompleted between November and February .

"proyided evidence S pfadrenergic stimulation of  GH secretion in

the goldfish, wherea ilar experiments done in the summer months
; 03’ + T e .
demonstrate that NE lowered serum ir GH levels. The finding that the

serum ir GH response to exogenously administered NE varied depending .

on time of year makes it reasonable

to’consider the possibility of a’
central GH regulating mechanisﬁ iﬁ‘goldfish that may be influenced by
. -y , P

the scason and/or.reproductive state (see DISCUSSION of Chapter 4).

7 I

In support of this, results of hypothalamic lesioning in goldfish

also differed when experiments were done at different times of year

¥

(see Chaptér 3) .and serum ir GH levels were also found to vary
seasonally if goldfish. (see Chapter 4). Further investigations con-

cerning the control of GH secretion in fishes must take into account
W ’
%

o : : : ~
S S0 o
. vi\ e . » M ‘ '
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’;J -
the possible influence of time of year and-.environmental factors on
experimental results. .
Lesions placed in the NPP of the goldfish hypothalamus resulted

in significant increases in both BWt and SL increments, and serum ir

GH levels at 4 weeks post-operation. In rainbow trout, the NPP has

- been shown to be rich in SRIF immunoreactivity, présumably reflecting

the high concentration of somatostatinergic neurons in this hypothala-
mic nucleus (Dubois et al., ,1979) . If the distribution of?SRIF in ‘the

goldfish hypothalamus is similar to that of the rainbow-trout,ﬂthen

the increased serum ir GH levels and histological and ultrastructural "
. @ g . “:;',‘.‘

evidence of increased GH secretion (Fryer, 1981) following NPP
lesioning in.goldfish was likely due to destruction of somatostatiner-

gic neurons and subsequent removal of the inhibitory 4nfluence of'SRIF

on GH secretion.‘ Since changes in;@r@wth,.as indicated by increased
&

BWt and SL increments, and serum i;%@H levels were both elevated

Y

after lesioning of the NPP in goldfiéh,‘ﬁt is reasonable to speculate

.that increased growth rates rYesulted from increased pituitary GH

secretion.
ol
)

In addition, these findings are cons%nt with the
hypothesis that the cGH RIA measures‘circulating i

GH in goldfish

that is, at least in part, bioldgically active.

’ >
A

The c¢GH RIA described abové was used in Chapter 4 to determine

if goldfish serum ir GH levels vary during‘éither a #@ily or hourly

”~

‘time period. Since the daily sampling experiments’(i.e. 8 groups of

fish sampled during a 24 hr interval) were done at three;sepérate

times of year, it was also possible to determine whether serum ir GH

levels in female goleish vary depending on either season and/or

photoperiod. Results presented in Chapter 4, based on three sepaxate
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experiments (4.1, 4.2 and 4.3), provided no evidence for a circadian
rhythm in serum ir GH levels in goldfish. Although the present study
has clearly demonstrated abrupt changes in serum ir GH levels in,

goldfish (see below) suggestive of pulsatile & release; it is pre-

mature to speculate on the possible presence of an ultradian GH
rhythm in teleosts until future studies have carefully examined the

"influence of the blood Yampling proceduxe and time of feeding on the

-

4 .
pattern of GH release in fishes. The finding that serum ir GH levels

“

in individual goldfish can fluctuate abruptly over a short time

!

interval of about 20 tei 30 min and the apbarent lack of synchrony in

serum ir GH changes between fish are both consistent with the lack of

5
v

g ﬁ@a{?ircddian rhythm in serum GH.

An important f;ndlng presented in Chapter 4 was the marked
dlfferences in serum ir GH levels in female goldflsh sampled at
different times of.year. Mean seruﬁ ir GH values (éﬁtalned by

. sy
averaging all samples obt?%ned during the single 24 hr sampling

-

period) were significantly lower in February (8k:16D), after
acclimation to lZOC, than in fish acclima " to 12°c_in April (12L:
12D).‘ In addition, there were progressive increases in mean serum ir
1

GH levels in fish sampled i- February (8L:16D), April (12L:12D) and

e

August. (16L:8D), all acclimutc . to 20°C. since growth rates of many

sprihg—spawﬁ}ng teleost fishes are greater in the late spring and

~

summer months after the spawning period, it is reasonable to speculate

that ¥he increased serum ir GH levels observed in the female goldfish
- sampled in August reflect jincreased pituitary GH secretion and sub-

sequent_growth~promotingkaction of circulating GH.
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APPENDIEX T

~

FRACTIONATION OF CARP GROWTH HPRMONE AND PREPARATION OF ANTISERA
CARRIED OUT AT THE HORMONE RESYARCH LABORATORY, UNIVERSITY OF
CALIFORNIA, SANs FRANCISCO, BY, DR. SﬁSI\N WALKER FARMER. -

MATERIALS AND METHODS . ”

Acetone dried carp pituitary powder was purchased from Stoller

Fisheries; Spirit Lake, Iowa, in two batches of 21 g and 8 g dry
» .

weight. The methodology employed for the purification of GH from
these Qituitaries was similar to that previously employed for other
GHs (Farmer ¢t al., 1976, 1981). Methodological details presented

in these reports will not be repeated here. The pituitary powder

was dissolved in water, adjusted to pH 9.5 with Ca(OH)2 and stirred
at 40 for 3 hr. The soluble extyact was chromatographed on Amberlite

cG-50 equilibrated with (NH4)ZSO and the GH fraction was eluted

4’
with pH 6 phosphate buffer. This fraction was then chromatographed

on DEAE-cellulose equilibrated with 0.03 M NH HCO

4 5 pH 9; GH was

adsorbed and eluted with 0.2 M NH4 HCO After removal of a 20%

3

precipitate the GH fraction was precipitated with 40% (NH4)SO and

4!
then with HPO3, in order to further concentrate the GH. Final
purification was achieved by gel filtration on Sephadex G-100

. Al

equilibrated with 0.05 M NH4HCO3.
As noted above, two baﬁches of carp pituitary powder were
processed. A low yield of GH was obtained witH the' initial batch,

5 mg/kilo, which may be due to the fact that improperly fthilled ace-

tone was used for the gland collection. A higher yieldf 75 mg/kilo,
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way obltained with the second bateh.  This matevial was uased tor
characterization and radioiodination while Gl from the tivsgt batceh

¢

was used for antiserum prodaction.
. .

The following detoerminations were pertormed on the oGl prepara-
tion: amino acid composition (Spackman <f al., 1958); NHQ—thmindl
_amino aqid'ahalysis by the: Dansyl procedure (Gray, 1967; Woods and
. ““ ) X , r ‘
_Wang, 1967); COOH-trerminal analysis by hydrazinolysis (Niu and
Eraénkel—c5hrat; 1955} ; molecular weight determination by sSDS poly-
abrylamide disc gel clectrophoresis (Weber and Osborn, 1969); and
gel electrophoresis at pH 8.3 in 7.5% gels stained with Coomassie
blue dye (Ornstein, 1964). Double antibody RIAs employed for
identification of GH fractions were based on a monkey anti-rat GH
serum (Hayashida, 1970) and a monkey anti-snapping turtle GH serum

(Hayashida et al., 1975), with iodinated rat GH (National Institute

of Arthritis and Metabolic Diseases).

For preparation of antiserum to the‘purified carp growth hormone,

a young male albino New Zeaiand rabbit was injected with cGH pre-
pared from the first batch of pituitaries (see above). Three
injections of 300, 250 and ZOO'ug each wefe given in complete
Freund's édjuvant at 20 to 30 d intervals. A booster injection of
50 ug.wa; given in saline and the rabbit was completely bled by

cardiac puncture. Merthiolate (1:10,000) was added to tﬁe serum as

a preservative,

11



' l\'(l"..‘i\llfl‘i;

Carp growth hormone behaved ddentieally daring paritrcation to
the toetrapod and piscine Ghls previously stadied (I-‘.nr“mnx cload .,
974, 1970, 1981) .  <GH was obtained in a tow yield, 3V omg total,
reproesent ing 7S mg/kito, prociuading detad Led «'h.n'.‘n'luri_;’..\tim}
studies., A nolecular weight ot 22,500 was caloulated tor cGH.
leucine was found as the major amino terminal residue, but trace
amount s of several other amino avids were also tdentitied.,  Serine
was the major carboxyl terminal residue, glycine was also present.
on disc gel electrophoresis, oGl showed the same pattern as the
other GHs, but had a slightly higher RE value (about 0.35), similar
to human GH (Fig. I.1). 'The amino acid composition of cGH i5 present
in Table I.1, along with that of two other pilscine species, tilapia
and sturgeon. Because the moleculatr weights of these GHs are all
similar to that of ovine GH, the piscine aming‘agid analyses were
calculated on the basisiof the number of residues determined by
structural analysis for ovine GH (191 residues; Li et QL.) 1973) .
The cGH exhibits features that have been found to charqcterize known
vertebrate GHs; two disulfides, a single tryptophan, low methionine
and histindine éontent, and a high glutamic acid and leucine content
(Wilhelmi, 1974). The cGH composition had high values for aspartic
acid and valine content, but all values were within observed ranges
of GH molecules from'a wide variety of species (for reviews:
Wilhelmi, 1974 for mammalian species and Farmer and Papkoff,:l979

for non-mammalian species).
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Poestaing ob oot and tall for cmmunologioal o reactivity 1o two
heteralogous GHE REA Sy tems whitch show wide sipecies cronn-react tvity,
demonstrated signibioant, low-potency slopes ol Jnhibit ton compared

i
tor that ot the vat Gl stoandard (rg. 1.0, Notabily the ool and ol
showed draplacement cuarves whiich were appaosxamadte by paralle b compared

to each other an both of thege b REAS (ee Prags L2 )
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. . T | C , ;2
Amino acid composition™ of éarp, tilapia and sturgeon3 growth

TABLE I.l

hormones.

Lys 10.4
. His - 4.8
Arg 9.3
Asp 24.8
Thr 10.1
Ser 16.5
Glu 23.6
Pro 8.9
Giy - > 8.8
Ala 10.6
L Cys. S 3.7
val 11.8
Met 4.5
Ile 7.0
Leu 22.8
Tyr 4.5
Phe 8.0

Tilapia

11.0
-19.3
12.0
21.4

29.1

Sturgeon

15.2

18.3

1 Amino acid analysis: 20 hr hydrolysis, not corrected for
hydrolytic destruction, calculated on the basis of 191

residues/mole.

.

taken from Farmer €t al. 1976.

taken from Farmer et ?L 1981.

’r’.
v

189



Fig.

I.

N

2.

'

Competitive binding curves for preparations
for purified'rat, tilapia and carp growth
hormones (GH) in two double_aﬁtibody
radioimmunoassays (RIA) employing a:}at GH
antiserum and a‘snapping turtle GH antiserum;
Rat GH was employed as a tracer’fqr both as
assays. Each_point represents the mean of

duplicate determinations.
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