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ABSTRACT

In the present study, the hypothalamic peptide somatostatin-14

N .

(SRIF-14) was found to rapidly inhibit GH secretion in vitro in a potent
and dose-dependent manner, demonstrating that SRIF:14 écts directly at
the level of the pituitary to alter GH releasé in the goldfish. ‘
Additional ig vitro experiments suggegt tha£ SRIF receptors on the
goldfish pituitary are specific for molecules contaimdng the SRIF-14
sequence. Evidence of a relationship between‘endogenous\SRIF and GH
secretion‘Qas provided by experiments deﬁonstrating that the amount of '\
immunoreactive SRIF (irSRIF) in the Q{iuitary, hypotﬁalamus and
telencephalon varies in an inverse relationship to serum GH levels
throughout Eﬁe,year. Wrain lesion experiments provided direct evidence
that the preoptic area is the origin of an inhibitory somatostatigergic
projection innervating the pituitary. These results supp&rt the
hypothesis that SRIF-14 or a very similar molecule—functions as a GH
release-inhibitory factor in the goldfish.

[} h
Gonadotropin (GTH)-releasing hormone (GnRH) was found to elevate®

*

serum GH levels in both female and male®¥bldfish, and repeated
’ W s
injections of GnRH were found to accelerate body growth. In vitro

experiments provide strong evidence that GnRH acts directly at the level

§ . .
pftuitary to stimulate GH secretion, anfl suggest that the

-

of‘the
receptor mqspanisms mediating the stimulatory actions of énRH may be
similar for GH and GTH secretion. However, in vivo and in vitro
experiments'provide evidenée of separate release-inhibitory factors for —
GH and GTH secrgtif.n. For example, SRIF-14 was found to inhibit

-,
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GnRH-induced GH secretion in vitro but did not influence GTH secretion.

- Conversely, apomorphine (an agonist of the teleost GTH

-

, .
release-inhibitory factor dopamine) suppressed GnRH“induted GTH

sécretion but-did not influience the GnRH stimulation of GH secretion,
. ¢
« Based on the results outlined above, it is hypothesized that the
: <
secretion of both GH and GTH in the goldfish are regulated by the

0y

hypothalamus, at least in part, through a common releasing factor -
. »

[ N

GnRH. However, evidence suggests that the hypothalahic factors
inhibiting GH and GTH secretion in the goldfish are separate and

distprect.

-
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1. GENERAL INTRODUCTION

s
Based on anatomital and experimental evidence, it was hypothesized
in the late 1940's that the secretion of mammalian adenohypophyseal
hormones was rEgulated by the central nervous system (CNS) through the

4

release of neurohumoral substances into the hypothalamo=hypophyseal
glood portal vessels [Green and Harris, 1947; Harris,/1948]. According
to this hybothesis, substances would bd released from neurosecretory
neurons in the hypothalamus and travel via the portal blood to influence
the secretion of hormones from the anterior pituitary gland. Extensive
evidence has ac;umulated to provide suppg}t for this concept in
vertebrates, culminating in the isolation and characterization of
several substances qualifying as hypothalamic hypophysiotropic factors
[for review: Donevan, 1978; Halasz, 1985; McCann, 1980; Peter, 1986;
vale et al., 1977].

Two peptades influencing the secretion of growth hormone (GH) from
the pituitary have beén characterized from the mammafian hypothalamus.
The first peptide is a 14 amino acid-molecule originally isclated from
ovine hypothald@i, and charatterized by its ability to inhibit GH
secretio; from the rat-pituitary [Brazeau et al., 1973]. This GH
release-inhibitory peptide is called somatostatin (SRiF). The identical
peptide was subsequently isolated ffom porcine, hypothalami [Schally et
al., 1976] and aépears'to be identical in all of the mammalian species
studied.to date [Patel and Srikant, 1986). The second peptide,

GH-releasing hormone (GHRH), was isolated more recently, although the

search for this substance actually spanned three decades of research

-
-

L



-
[Frohman and Jansson, 1986). GHRH was originally isolated from human

pancreatic islet tumors removed from acromegalic patients [Guillemin et
al., 1982; Rivier et al., 1982], although the identical molecule was
subsequently isolated from the human hypothalamus [Ling et al., 1984].
Molecules similar in structure to the human GHRH have also been isolated
from murine [Spiess et al., 1983], porcine [Bohlen et al., 1983], bovine
[Esch et al., 1983], ovine [Brazeau et al., 1984) and caprine [Brazeau
et al., 1984] hypothalami.

A large number of studies have confirmed the role of SRIF and GHRH
in the neuroendocrine regulation of GH secretion in mammals {for review:
Arimura and Culler, 1985; Ffohman and Janss?Q, 1986; Patel and Srikant,
1986]}. Both peptides have been identified in the mammalian hypothalamus
and hypothalamo-hypophyseal portal blood, and have been found to alter
GH secretion ;é vivo and ig vitro. Furthermore, passive
immunoneutralization of the endogenéus peptides through the
administration of antisera or monoclonal antibodies specific for SRIF or
GHRH result in the elevation or reduction, respectively, of circulating
GH levels. Finally, receptors specific for each of these peptides have

een déﬁonstrated in membrane preparatigns of the mammalian éltuitary,

d studies suggest that GHRH stimulate;'GH secretion through activation
of the adenylate cyclase-cAMP system, whereas SRIF ~appears to inhibit GH
secretion, at least in part, through opposing actions on the cAMP system
as well as on processes subsequent to cAMP production [Frohman and
Jansson, 1986; Patel and Srikant, 1986].

The secretion of GH in mammals occurs in an episodic pulsatile
manner, and,'consequently, the circulating profile of GH is

characterized by rapid increases in circulating GH levels followed by



return to near undectable levels in the intervening periods [Martin,
1979; Arimura and Culler, 1985]. Based on'studies primarily in the rat,
Martin and his colleagues originally proposed that the gpisodic
secretion of GH in vivo resulted from the éﬁasic release of both SRIF
and GHRH from the hypothalamus [Martin, 1979; Tannenbéum, 1985].
According to this hypothesis, SRIF would be released tonically from the
hypothalamus with an additional surge of ;RIF release resulting in low
circulating levels of GH during the intervening éer;ods. GHRH would also
be released phasically, but 180° out of phase Qith SRIE, to §timulate a
pulse of GH release during the attenuation of the inhibifory SRIF

. A
inflmence. Several lines of evidence provide support for this hypothesis
; .

’

[Arimura and Culler, 1985; Martin, 1979; Patel and Srikant, 1986;
Tannenbaum,_1985], and a recent st;dy measuring the levels of SRIF and
GHRH in hypophyseal portal blood of réts [Plotsky and Vale, 1985] has
demonstrated surges of GHﬁH in the portal blood océurring concurrgntly
with a decrease in the conéentration of SRIF. Thus, the phasic,
integrated release of SRIF and GHRH from the hypothaljmus appears to be
required to generate the normal pgofiie of circulating GH levels in
mammals .

Several neurotransmitter systems and brain peptides also influence
GH secretion in mammals through actions on the CNS [(Arimura and Culler,
1985; Martin, 1979, 1980]. An a-adrenergic System sgimulating the normal
pattern of GH release appears to be of primary importance in mammals,
although various other neurotransmitters including dopamine, a
ﬂ—ad£energic system, serotonin, acetylcholine, GABA, histamine and
various other peptides have also been shown to alter GH secretion ‘

L4

(Arimura and Culler, 1985; Hall et al.,. 1986]. The majority of -evidence

- t



[
indicates ghat these substances act through the hypothalamus to alter
the release of SRIF and/or GHRH from the hypotﬁaiamus [Arimura and
Culler, 1985; Martin, 1980]. For example, studies indicate that the
a-adrenergic system may stimulate GH release through a dual action on
. the hypothalamus: the stimulation of GHRH release [Katakami et al.,

! 4 .
1984; Miki et al., 1984] as well as a reduction in SRIF secretion

{Chihara et al., 1984; I;hikawa et él., 1983€:;A1though<;£ is generally
assumed that neurotransmitters act via the hypothalamus or other CNS
areas to alter GH secretion in mammals, recent evidence indicating the
‘fresence of a f-adrenergic system inhibitiﬁg'IPerkins et al., 1983} and
‘a dopaminergic system stimulating [Serri et al., 1987] GH release from
perifused rat anterior pituitary cells provides the possibility that
some neurotransmitters may also act directly at the level of the
pituitary. f”

Short{y after its isolation from the/ﬁgﬁmalign hypothalamus
[Brazeau et al., 1973], SRIF wds also found to be present in the D, cells
of the pancreatic islets [Arimura et al., 1975; Dubois, 1975].
‘Subsequent studies have demonstrated that SRIF is widely distributed ;n
a variety of mammalian tissues,lThcluding extra-hypothalamic areas of

,

the CNS, the peripheral nervous system, and the gastrepintestinal tract

« . v
[for review: Arimura, 1981; Arimura and Fishback, 1981; Reichlin, 1983a,

1983b]. In Keeping with this wide tissue distribution, SRIF also has a
/

i - _, .

diverse spectrum of actions in mammals. In addition to inhibiting GH

secretion ffpm the pituitary, SRIF also inhibits thyrotropin (TSH)
secretion, and it is now generally accepted as an important regulator of

TSH secretion under physiological conditions [Patel and Srikant, -1986].

Under certain conditions, SRIF has also been reported to inhibit the

’



-

{ -
secretion of prolactin (PRL) and other‘pituitary hormones [Patel and
Srikant, 1986]). Within the CNS, evidencﬂ indicages that SRIF may
fuh;tion as avneuromodulator or neurotransmitter [Arimura, 1981&
Reichlin, 1983b]. SRIF secreted by the D celis is thought to act in a
paracrine or endocrine fashion within‘tﬁg pancreas to inhibit tbe
secretion of panéreatic hormones. SRIF has also been shown to suppress
various endocrine and exocrine functions in other areas of the mammalian

: N\
gastrointestinal tract [Arimura, 1981; Arimura and Fishback, 1981;

'
Reichlin, 1983b]. Fipally, SRIF, originating primarily from periphegal
~t;ssués, is known to be presenF in the mammfblian circulation [Patel et
al., 1981}, and it -has been suggested that peripherally-released SRIF

~may also influence pituitary hormone release [Patel and Srikant, 1986].

.

Thus, in addition to ifs actioﬁs as a hypophysiotropic factor, SRIF
displays a wide diversity of biological actions in mammals,_many of
which are related to the regulation 9f nut;ient homeostasis and
metabolic status; consequently, it is possible that SRIF may influence
growth in mammals through actions at.several levels, only one of which
is xhe$se;rét£on of GH [Borer et al., 1983]. |
In contrast to mammalian\epecies, fewer studies have iﬁvestigated

" the role of the thalamus in‘the regulatioq of GH secretion in other

vertebrateswﬁpecz§:? and the majority of these studies have been focused
én avian species [Hall et al., 1986]. In birds, a well-developed
hypothélamo-hyp;physeal portal system js present [Schriebman, 19861, and
evidence indicates that at least three hypothalahic peptides are
involved in the regulation of GH secretion [Hall et al., 1986; ﬁaryey,‘

1983; Scanes et al., 1986]. SRIF-14 identical in structure to the

mampalian molecule has been isolated from birds [Spiess et al., 1979;

K
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Hasegawa et al., 1984], ‘and has been shown to inhibik GH secretion in
vivo and in vitro in a variety of avian species [Hall et al., 1986;
Narvey, 1985; Scanes et al., 1986]. Mammalian GHRH stimulates éH‘
secretion in birds, and GH secretion is proposed to be regulated, at
least in part, through the felease of a molecule similar in structure of

mammalian GHRH {Hall et al., }986; Scanes et al., 1986]. Strong evidence

indicates that TSH-releasing hormone (TRH) is also a potent stimuldator

1

of GH secretion in birds [Hall et al., 1986; Harvey, 1983; Scanes et
al., 1986]. 8everal neurotransmigters and brain peptides also influence
GH §ecretiop in birds, primarily throudh central actions mediated by
hypothalamic peptides [Hall et al., 1986]. How;ver, ah adrenergic system
inhibiting GH reléase from chicken pituitary cél;; ig vitro has been
reported, and i; has been suggested that epinephrine may also qualify as
a hypohysiotropic factor in this species [Scanes et al., 1986].

The hypothalamic regulation ;f GH secretion in poikilothermic
vertébrates has not been extensively studied and, consequently, is
poorly understood compared to mammalian and avian species [Ball, 19815
Hall et al., 1986; Peter and Fryer, 1983]. The anatomical zglationship
between the brain and pituitary in lower vertebrates does provide the
possibil ty for hypothalamic regulétion of adenohypopﬁyseal function. In
the ;gnathans (lampreys and hagfish), the brain is seg§£§ted‘?rom
elements of the anterior pituitary gland by a sheet of poorly
vascularized conneétive tissue, with no identifiable vasculai or neural
connection; between the.two component$ ‘[Ball, 1981; Gorbman, 1980;
Schriebman, 1986]. This$ is considered to rebrésent tﬁe most primitive |

vertebrate brain-pituitary relationship {[Gorbman, 1980], and studies

i s
indicate that the agnathan brain may influence pituitary function -



througk the diffusién of—neufopeptiqes or other substances across the
connective tissue layer [Tsukahara et al., 1986; Schriebman, 1986]. A
well-developed hypothalamo-hypophyseal portal system, homologphs to that
of birds and mammals, first appears ig the cartilaginous fishes, and is
also éresent in the ‘more primitivefbony fishes (holosteans and
ascipenseroids), lungfishes,‘the coelacanth, amphibians and reptiles °
[Ball, 1981; Schriebman,.1986]. However, in the most advénced
actinopterygian fishes, a unigue braih—pituitary relationship has
evolved. In general, a true median eminence or portal system iﬁflacking
in-teleost fishes; instead, the néﬁrohypophysis interdigitates with the
anterior pituitary, and hypophysiotropic nerve fibers términate on thé
basal lamina or actually penétrate into the pars distalis to brovide a
direct innervation of the endocrine cells [Ball, 1981; Pgter’and Fryer,
1983; Schriebman, lQSéTS\One of the consequences of this form of
brainlpituitary as;ociation in teleosts, is that the anterior pituitary
is directly innervated b& both petidergic and aminergic fibers from the
hypothalamus [Kaul and Vollrath, 1974; Peter and Fryer, i983], resulting
in the possibility that substances such as c§techolaminés may also
function as hypophysiotropic facto;s in teleosts [Peter et al., 1986].
In spite of Q;riations in the anatomic¢al relationship of the bfain~
and pituitary in vhrious vertebrate classes, it is generally acdépted
[Ball, 1981; Peter and Fryer, ’'1983; Schriebman, 1986] that the brain
régulates ﬁituitary hormone seéretioﬁ in lower vertebtates in a manner |
essentially similar to’ that orginaily propbsed for'mammalign species
‘[Green and Harris; 1947]. Recently, SRIF-14 identical iﬁ strugfure to i -

the molecule found in mammalian and avian spgéies has been isgléted from

tissues of an elasmdbranch [Conlon et al., 1985] and three teleost

-
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species }Andrews and Dixon, 4981; Noe‘gg.gil, 1979; Pli§gtskaya et al.,
1986]), suggesting that the structure of at least one hypophysiotropic !'
peptide has been fully conserved throughout véftebrate evolution. Other
studies using variods immundlogical techniques have demonstrated the
presence of substances immunologically related to several mammalian
)

hypothalamic peptides in brains from representatives of all classes ot
lower vertebrates {Crim and Vigna, 1983; Peter, 1986]. The presencegin
lower vertebrates of molecules similar or identical in structure to
mammalian hypothalamie¢ peptides hés led to ghe speéulation‘that the
hypophysiotropic actions of these molecules may have developed early in
vertebrate evolution [Jackson, 1986].

Although it is generally accepted thatvthe hypothalamus regulates
GH secrgtion in poikilq}ﬁefmic vertebfates [Eall, 1981; Hall et al.,
1986; Peter and Fryer, 1983], studies investigatiné the role of the
hypothalaMUS in the regulation bf GH secretion a?e actually few in
number in most of the clas;es-of lower verteb;ates, and are completély
lacking in representatives of the agnathans, cartilaginous fish and
primitive bony fishes. Much of the information currently available
regarding the hypothalamic control of GH release in lower vertebrates
has come from studies examining the influence of crude extracts of the
hypothalamus on GH release in vitro [Ball, 1961; Héll/and Chadwick,
1978, 1979] in which the identity of the active substance(s) in the
extracts coulé not be determined. Studies examining thé,influence of

A}

synthetic mammalian hypophyﬁiétropic peptides on GH release in lower
vertebrates [Cook and Peter, 1984; Fryer et gl.w 1979; Hall and

Chadwick, .1983, 1984; Peter et .al., 1984; Rivas et al., 1986; Wigham and

~Batten, 1984], and studies identifying specific areas of the

A



hypothalamus invplved inyregulating GH secretion [Cook and Peter, 1983;
Fryer, 1981; Peter and McKeown, unpublished results cited in Peter and
Fryer, 1983;IPickford et al., 1981] are limited to a few species. .
Immunocytochemical studies exanining the distribution of peptides in the
CNS of lower vertebrates are also limited, and the functional

significance of many of the findings from these studies remains unclear

P
¢

{Peter, 1986). Therefore, additional studies in a number of species are
required before the involvement of hypothalamic hypophf%iotroéic factors
in the regulation 6f GH secretion can be ascertained in ldwer-
vertebrates. Until the results of such studies are a;ailable, ;he
evolutiohary pattern of the hypothalamic control of~GH secretion in
vertebrates will also remain obscur;. N

In this thesis, results of experiments examiqing the role of the

hypothalamus in regulating GH secretion in a teléost species, the

goldfish (Carassius auratus L.) are presented. Several experimental

approaches were used to examine this aspect of GH physiology in the
goldfish. In Chapter 2, the influence of various téleost and mammalian
SRIF peptides on GH secretion in vitro was examined using fragments of
the goldfish pituitary maintained'in a perifusion system. Tﬁe
relationship between endogenous brain SRIF and the seasonal profile of
circulating GH levels in the goldfish was determined byimeasuring'the
amount of imﬂunoreactive (ir) SRIF in the pituitary and various brain
regions at séve{al times throughout the year (Chapter 3). The
hypothalamic origin of irSRIF fibers in E?e goldfish pituitary was also
_ examined in Chapter 3 using brain lesioning techniques.'InVChapter 4,
results from in vivo experiments indicating that gonaaotropin-reléasing

“

hormone (GnRH) elevates circulating GH levels in the goldfish are

—3 . ™~
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presented. The effect of GnRH on GH secretion in vitro was examined in
Chapter 5, and compared to the influence o£ GnRH on gonadotropin
secretion from perifused fragments of the goldfish pituitary. Chapter 6
examines the influence of an analog of GnRH on somatic growth in the
goldfish. The influences of human GHRH and a carp GHRH-like peptide on
GH secretion in vivo and in vitro in the goldfish are also stud;ed
(Chapter 7). Finally, the results obtained from the various experiments
in this thesis are discussed (Chapter 8) in the comtext of developing a
) O

model outlining the major components involved in the hypothalamic

regulation of GH secretion in the goldfish.
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2. THE INFLUENCE OF MAMMALIAN AND TELEOST SOMATOSTATINS ON THE SECRETION
OF GROWTH HORMONE FROM GOLDFISH PITUITARY FRAGMENTS IN VITRO

3

2.1 INTRODUCTION

4

The growth hormone (GH) release-inhibitory f%ctor somatostatin
(SRIF) was originally isolated from the hypothalamus and pancreas of
m;mmalian species [Arimura et al., 1975; Brazeau et al., 1973]. In
mammals, a single precursor molecule, prosomatostatin (proSRIF), is
present [Goodman et al., 1982; Shen et al., 1982]. A 14 amino acid
peptide (SRIF-14) and a 28 amino acid peptide (SRIF-28) containing the
SRIF-14 sequence at its carboxyl terminus are produced from the single
mammalian proSRIF [Goodman et al., 1982; Millar et al., 1983; Shen et
gl;, 1982]. A molecule identical in structure to SRIF-14 has since been
isolated from tissues of several other vertebrate species, including two
avian species [Hasegawa et al., 1984; Spiess et al., 1979], an

elasmobranch (Torpedo marmorata) [Conlon et al., 1985], and three

teleost species: the catfish (Ictalurus punctata) [Andrews and Dixon,

1981), the anglerfish (Lophius americanus) [Noe et al., 1979], and the

coho salmon (Oncorhynchus kisutch) [Plisetskayé et al., 1986].

In contrast to the mammalian species, however, cDNA sequencing
studies have identified two active genes encoding two distinct
somatostatin precursors (proSRIF-I and proSRIF-II) in the pancfeas of

both catfish and anglerfish [Andrews and Dixon, 1981; Hobart et al.,

- - — i S = i o

A version of this chapter has been-published: Marchant, T.A., R.A.
Fraser, P.C. Andrews, and R.E. Peter. 1987. Regulatory Peptides 17:
41-52,
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1980; Magazin et al., 1982;«mtnLg£ al., 1982]. In both of these
.

teleost species, SRIF-14 identical to the mammalian peptide is produced
from ﬁroSRIF—I, whereas the peptide produced from proSRIF-II is
structurally distinct from SRIF-14 [Andrews et gl.,'l984a, LdBQb;‘Morel
et al., 1984a; jobart et gl 1980; Oyama et al., 1980a; Spiess and Noe,
1985). In catfish, a 22 residue form of SRIF (cSRIF-22) is derived from
ProSRIF-II; 7 of the 14 amino acids at the ca;boxyl terminus of cSRIF-22
are difré}fnt from those f.oun.d in SRIF-14 [Andrews gt al., 1984b; Oyama
et al., 1980a). In the anglerfish, the major product of proSRIF-II
appears to be a 28 amino acid molecule (aSRIF—Zé) in which 2 of -the 14
amino acids at the carboxyl terminus are different from SRIF-14 {Andrews
et al., 1984a; More} et al., 1984a, 1984b; Spiess and Noe, 1985].
‘interestingly, the peptide produced from proSRIF-II in both teieqst h
species undergoes some form o£ additional processing:lcSRIF~22 coritains
a glycosylated Thr residue at position 5 [Andrews et al., 1984b], and

aSRIF-28 .contains a hydroxylated Lys residue at position 23 [Andrews et

al., 1984a; Spiess and Noe, 1985). Several SRIF molecules, which appear

to be products of two separate prefursors, have also been isolated from
the pancreas of the coho salmon [Plisetskaya et al., 1986]. The major
form of SRIF in the salmon pancreas is a 25 amino acid peptide
(sSRIF-25) almost identical in structure to aSBIF—ZB, and, therefore, is
probably 'derived from a precursor corresponding to the ProSRIF-II
identified in other teleost species. SRIF-14 is also present (n-the
salmon pancreas, and appears to be derived from a proSRIF-I-like
precursor.

The actions of SRIF-14 and SRIF-28 on pituitary and pancreatic

hormone release are weil docuﬁented in mammalian species [Arimura, 1981;
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Arimura and Culler, 1985].’In lower vertebrates, the role of SRIF in the
regulation of hormone release has not been as extensiyelyvstudied. The
various_tele;§tean SRIF molecules were isolated from pancreatic islet
tissue, but only a limited number of studies are available to suggest
that SRIF may influence ﬁancreatic hormone release in teleosts [Epple et
al., 1983; Incej; 1980; Plisetskaya et al., 1986; Ronner and Scarpa,
198247 SRIélld—like immunoreactivity has been detected in the brain and
pituitary of several teleost species [Dubois~g§ al., 1979; Kah et al.,
1982; Olivereau et al., 1984a, 1984b; Vigh-Teichmann et al., 1983], and
the close proximity -of the immunoreacgive SRIF-14 fibers to the
somatotrophs'in the teleost pituitary led to the suggestion of a
functional relationship between the SRIF-14 fibers and the GH secreting
cells [Dubois et al., 1979; Kah et al.; 1982; Olivereal: et al.) 1984b].

In the present study, the influence of SRIF-14 on GH release from

the goldfish pituitary was examined in vitro using a pituitary

.

perifusion system. Previous studies on the effects of SRIF on GH release-

iq teleosts [Cook and Peter, 1984; Fryer et al., 1979; Rivas et al.,
1986; Wigham and Batten, 1984] have examined the biological actions of
SRIF-14 only, and the influence of other SRIF peptides én pituitary
hormone release in teleosts is noi known. Therefore, the effects of
mammalian SRIF-28 and the teleost peptidés cSRIF-22 and sSRIF-25 on GH
secretion from the goldfish pituitary were also compared to the effects
of SRIF-14. Results from this study provide fundamental information

‘ abqut the influence aqf the various SRIF peptides on GH secretion in a.

teleost species.
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2.2 MATERIALS AND METHODS

Experimental Animals

Goldfish of the common or comet varieties were purchased from
Grassyforks flsheries (Martinsville, IN) or Dzark Fi;heries (Stoutland,
MO). The goldfish were maintained on a 16 hours light: 8 hours dérk
photoperiod in flow-through aguarfa at 17 °C for a minimum of "4 weeks
prior to the experiments. The fish were fed twice daily to satiation
with commercially prepared fish‘fbod (Clark's New Agé Fish Feed Pellets,
Moore-Clark Co., LaConner, WA). For Experiments 1 and 2, goldfish were
acquired in January; for Experiments 3 and 4, fish were obtained in May

\

and February, réespectively. Only femalg\goldfish were used in the

present study.

Pituitary Perifusion System

Experiments were conducted using a perifusion system adapted from
procequres used to'stud§ gonadotropin (GTH) secretion-from goldfish
pituitary fragments [Chang et al., 1984; MacKenzie et al., 1984].
Pituitaries were rapidly removed from goldfish killed in excess

anaesthetic (tricaine methanesulfonate; Sigma Chemical Co., St. Louis,

. ¢

MO). The whole pituitaries were placed in a petri dish containing
approximately 10 ml oqtmedium-(Hank's basic salts solution diluted 20 %
with distiiled water and supplemented with 15 mM Hepes buffer and 0.1 %
bovine serum albumin, HBSS [MacKenzie et al., 1984]). The petri dish
containing the pituitaries was kept oh wet ice until collection was

completed. Following collection, the pitujtaries were placed in a

.
e
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sterile controlled environment room maintained at 17 °C for all

~

subsequent procedures.

‘The neurointermediate lobe was separated from the rest of the
pituitary and discarded. The pars di;talis was diced into fragments
(less thaﬁ 0.5 mm?) using tine forceps and scissors. The fragments were
then washed twice with HBSS and fragments equivalent to 4 to 5

pituitaries were placed between two layers of Cytodex carrier beads

(Pharmacia, Dorval, Que.) in 0.5 ml perifusion chambers. A three-way
valve was used to connect the chamber in each perifusi?n column to a
reservoir of HBSS maintained at room temperature (17 °C); a second

reservoir was also connected to the three-way valve and was used to

administer the test solutions directly into the perifusion chamber. A

peristaltic ﬁump\with\an adjustable flow rate was positioned below the

>
chamber and connected to the perifusion column with tubing.

1
. For Experiments 1 and 2, the flow rate of HBSS through the columns

&

was adjusted to 15 ml/hour and the pituitary fragments were allowed to
.
Ay

equilibrate for a period of 2 hours. Preiiminary experiments
demonstrated that GH secretion from the fragments usually regched a
basal level during this period. As a result of the length of Experiment
3, fpagments were placed in the chambers on the previous evening and
allowed to equilibrate overnight for a period of 8 to 10 hours. During
this overnight equilibration éeriod, the flow réte was'adjusted to 5

-

ml/hour and the perifusion medium consisted of Medium 199 containing

Hank's basic salts (Gibce Laboratories, Grand Island, NY) and

supplemented with 15 mM Hepes buffer and Nystatin (56 U/ml). Two hours

prior to the start of the experiment, the medium was switched to HB$S
. pu =

and the flow rate was adjusted to 15 ml/hour. Expefiment 4 was élso

L 4
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performed on pituitary fragments allowed to equilibrate'overﬁight. The
results obtained using the overnight incubation were comparable to
results obtained using a 2 hour equilibration period at a similar time
of the year. A constant basal rate of GH secretion was maintained
throughout the experimental period using both of these pro£0cols.

In Experiment 1, goldfish pifuitary fragments in 3 perifusion
columns were exposed to increasing concentrations of SRIF-14. Thea
fragments were exposed to each concentration of SRIF-14 for 25 minutes,
sequentially from the lowest to the highest concentration. In Experiment
2, pituitar& fraéments in 4 perifusion columns were exposed to 2 minute
pylses of increasing concentrations of SRIF-14. Following each pulse of
SRIF-14, the fragments were perifused for 63 minutes with HBSS. In
Experiment 3, 2 minute pulses of SRIF-14 were alternated with a2 minute
.pulse of an equivalent dose of either mammalian SRIF-28 (3 columns) or
CSRIF-22 (4 columns). The concentr&tions of SRIF-14 tested/in Experiment

‘. .
3 were 0.1, 1, and 10 nM, whereas’/ 0.1, 1, 10 and 100 nM dosages of the
other SRIF peptides were tested. Following each pulse of test solution,
the”fragments were exposed to HBSS only for 63 minutes. In Experiment 4,
the iﬁélﬁence of a single coécentration of SRIF-14 on GH se;retioﬁ was
compared to a corresponding dose of SSRIF-25 on frayments in individual
perifusion columns. Pituitary fragments\in 6 perifusion columns were
expgged to a 2 minute pulse of one of three conceﬁtrations of SRIF-14:
0.1, 1, or 10 nM. Following exposure to SRIF-14, the fragments were
, perifused with HHBS for 58 minutes, and then sed to a 2 minute pulse
of sSR%P—ZS at a conéentration corresponding the SRIF-14 dose.

Durfing the experipental period, the perifusion medium was

collected at 5 minute (1.25 ml) intervals using an automatic fraction

4
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collector. Fractions from up to 6 separate columns could be collected
simultaneously. fhe GH content of each fraction from Experiments 1, 2
and 3 was dete;mined usiqg a éérp GH radioimmunoassaf (RIA) previously
'

validated for measuring circulating levels of ‘GH in the goldfish [Cook
et al., 1983]. In this RIA, the displacement curves produced by serial
dilutions of the perifusion samples are parallel to the carp GH
standard, indicating that this RIA is also suitable for measuring GH
released from goldfish pituitary fragments in vitro. The GH level in

fractigns of perifusate from Experiment 4 was measured using the carp GH

RIA described in Appendix I.

Peptide Solutions

SRIF-14 and mammalian SRIF-28 were purchased from Sigma Chemical .,

Co. and Penninsula Laboratories (Belmont, CA), respectively. The
CSRIF-22 used in the preseﬁt study was génerouslyAprovided by Dr. P.C. .~
Andrews (Department of Biochemistry, Purdue University, West Lafaye;te,
IN 47907). The E@SRIF-22 was purified from catfish pancreatic islets
[Andrews et al., 1984b] and consisted of a mixture of the glycosYTated
forms cSRIF?ZZa and cSRIF-22b described previously [Andrews et al.,
1984b]. SSRIF-25 purified from the pancreas of coho salmon [Plisetskaya
et al., 1986] was ggneé?usly provided by Dr. E.M. Plisetskaya
(Department of ZOOloéy,)Upiversity of Washington, Séattle, WA 98195).

, The test peptides were dissolved in HBSS and administered diregtly to'
the fragments from a separate reservoir connected to the perifusion
chamber by a three-way valve: Several concentrat%ons of each test

solution were made immediately prior to each experiment and kept at 4 °C

until administration, at which time the temperatﬁre of the solutiQR was

-
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allowed to equilibrate to 17 °C.

Calculation of Dose Response Curves

In Experiments 1 and 2, the fraction from each column with the
highést GH value (ng GH/ml medium) was determined and the GH levels in

all other fractions from that column were expressed as a percent of this

¢

value. Tz}s transformation to percent of the highest GH value in each

column (% of maximum) allowed data from several columns to be combined

)

for graphic presentation (Figures 2.1 and 2.3). To construct dose

response curves for each peptide, the GH se;retion\rate (ng GH
secreted/minute) following each dose of peptide was calculated and the
response was expressed as a percentéée of the basal secretion rate
(Figures 2.2, 2.4 and 2.5; Table 2.1). In Experiment 1, the basal
secretion rate was calculatea as the average secretion ratg during the
first 40 minutes prior to exposure to SRIF;ld; the rate of GH secretion
during exposure to each concentration of SRIF-14 was determined as the

PR N

average Gﬁ secretion rate during the 25 minute exposure period. In *
Experiments 2, 3 and 4, the secretion rate over the 25 minute period
preceding each 2 minute pulse of peptide was determined; analysis of
variance revealed no significant differences between the pre-pulse
.secretion rates within each cqlumn: Therefore, the‘basal secretion rate
in each column was defined as ;he avera?e secretion rate in.?ll the
pre-pulse periods. The response to each peptide solution was determined
as the average GH secrefionjrate over the 25 minute period immediately
following each pulse.'Thi§ rate was expressed as a perceht of the basal

secretion rate. For Fxperiments 1, 2 and 3, daga from several columns

were combined, and dose response curves and parameters were analyzed

“
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using the ALLFIT computer program [De Lean et al., 1978]. In Experiment
3, the number of doses used for SRIF-14 was insufficient for analysis
with this program, and consequently, only the response curve for SRIF-28
was analyzed with the ALLFIT program. Parallel line statistical analysis
[Pekary, 1979] was used to compare the slope of the regression line
calculated from the response to the 0.1 through 10 nM doses of SRIF-14
to the slopes of the regressibn lines calculated for similar doses of
SRIF-28 and cSRIF-22. The dose reponse curves for SRIF-14 and sSRIF-25
from Experiment 4 were also compared using the parallel line statistical

analysis [Pekary, 1979].
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2.3 RESULTS

Experiment 1

In thi: experiment, continuous exposure to increasing levels of
SRIF-14 regulted in a rapid and dose—depepdent decrease in GH released
from the p%;uitéry fragments (Figure 2.1). Féllowing removal of SRIF-14
from the medium (fractions 59 through 65), GH secretiqn rapidly returned
to near basal levels (Figure 2.1). Analysis of the dose response curve
for this experiment (Figure 2.2) indicates that the half maximal

effective dose (ED,,) of SRIF-14 is 65 nM in this experiment.

. Experiment 2

In this experiment, 2 minute pulses of increasing doses of SRIF-14
resulted in a rapid and dose-dependent decrease in the ratae of GH
secretion from the'fragments (Figure 2.3). GH secretion afger‘each pulse
returned to levels close to the baseline, although a longer period of
time was required to reach basal levels with the higher doses of

SRIF-14. Analysis of the dose response curve for Experiment 2 (Figure

2.4) indicates that the ED,, for SRIF-14 is 1.3 nM in this experiment.

Experiment 3

Two minute puises of SRIF-14 were a}ternated with 2 minute pulsés
of correspondggg doses of either-SRIF-zg.or cSRIF-22. Aanysis of the
dose response curvé from this experiment indicates that both SRIF-14 and -
SRIF-28 cause a dose-dependent decrease in GH secretion from golét?sh

pituifary fragments (Figure 2.5). HSWever, cSRIF-22 at concentrations up

.
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to 100 nM was ineffgctive in altering GH secretion. Regression analysis
revealed that the response of the fragments to SRIF-28 was identical to

the response elicited by SRIF-14 over the range of concentrations tested

in this experiment. The ED,, calculated for SRIF-28 in this experiment

is 1.0 nM.
A
Exper iment 4

Individual columns were exposed to a 2 minute pulse of SRIF-14
followed by exposure to an egivalent dose of sSRIF-25. Profiles of GH in
the perifusion medium from three representative columns from Experiment
4 are shown in Figure 2.6. Exposure to SRIF-14 resulted in a
dose—depeﬁdent decrease in the secretion rate of GH, whereas sSRIF-25

was iheffective in altering GH release from goldfisﬁ pituitary fragments

(Table 2.1).
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2.4 DISCUSSION

This study demonbtrates that SRIF-14 is a potent inhibitor of GH
Kelease from goldfish pituitary fragments in vitro, providing additional
'
support for the hypothesis that SRIF-14 functions as a GH
release-inhibitory factor in tﬁe goldfish. Previously, intrapefitoneal
injection of SRIF-14 was shown to decrease circulating levels of GH in
the goldfish [Cook and Peter, 1984). In addition, destruction of the

. . . . \ B
nucleus preopticus periventricularis (NPP), a region of the goldfish

forebrgin containing abundant perikarya with SRIF-14 ;mmunoreactivity
[Kah et al., 1982; Olivereau et al., 1984a], results in increased GH
cell secretory activity [Fryer, 1981], increased circulating levels of
GH [Cook and Peter, 1983], and increased growth rates [Cook and Peter,
1983], presumably as a result of the destruction of a somatostatinergic
projection from the NPP to the pituitary [Fryer, 1981; Cook aund Peter,

1983]. The present study also confirms and extends the results of two

studies in the tilapia (Oreochromis (Sarotherodon) mossambicus) [Fryer

et al., 1979; Rivas et al., 1986] and a study in Poecilia latipinna

[Wigham and Batten, 1984] in which SRIF-14 at concentrations as low as
30 nM were shown to inhibit GH release in vitro. However, results from
the present study indicate that the pituitary of teleosts may actually
be responsive to much lower concentrations of SRIF-14, as doses as low
as 0.1 nM were effective in inhibiting GH release from the goldfish
pituitary. & )

The ED,, calculated for SRIF-14 following exposure of goldfish

pituitary fragments to 2 minute pulses of SRIF-14 was 1.3 nM, very
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similar to the ED,, for SRIF-14 in static cultures of rat pituitary
cells [Brazeau et al., 1973; vale et al., 1975] and to concentrations of
SRIF-14 used in studies on perifused rat pituitary cells [Cowan et al.,
1983]. SRIF-14 acts very rapidly to inhibit GH secretion frém the
goldfish pituitary; in Experiment 2, decreased levels of GH in the
perifusion medium were observed in the first 5 minutes following each
pulse of SRIF-14. Following .exposure to pulses of SRIF-14, GH secretion
returned to basal rates, although the length of time required tq recover
to baseline was increased at the higher doses of SRIF-14. The goldfish
pituitary fragments did not show a rebound in GH secretion following
removal of SRIF-14; in mammals, GH secretion rebounds to rates much
higher than basal rates after exposure to SRIF-14 in vitro [Cowan et
al., 1983].

Analysis of the dose respénse curves from Experiments 1 and 2
revealed some differences betﬁeen the potency of SRIF-14 in the two
experiments. This difference is probably related to the different
protocols used in the two experiments: increasing doses of SRIF-14 were
continuously applied to the fragments in Experiment 1, whereas in
Eiperiment 2, GH secretion was allowed to return to the basal rate
before application of the next dose of SRIF-14. The higher ED,, in
Experiment 1 indicates that the pituitary fragments were 1es§ responsive
to SRIF-14 in this experiment, suggesting that prior exposure to SRIF-14
may influence the response of the goldfish pituitary to subsequent

«
SRIF-14 exposure.
- - Although SRIF-14 at concentrations of 1 and 10 nM were effective
in inhibiting GH secretion in Experiment 3, the magnitude of the

rgsponse elicited by these doses of SRIF-14 was much less than that

L ’ .
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observed in Experiments 1, 2 or 4. A previous study [MacKenzie et al.,
1984] reported that GTH secretion from goldfish pituit:ry fragments. in
response to GTH-releasing factors is influenced by the time of year
and/or the reproductive condition of the experimental animals. In the
present study, Experiments 1, 2 and 4 were conducted in early February,
whereas the goldfish used in Experiment 3 were acquired in May,
suggesting that the response of the pituitary to SRIF-14 may change
seasonally in goldfish. Serum levels of GH have been shown to vary on a
seasonal basis in the goldfish [Marchant and Peter, 1986), with the
highest serum GH levels occurring in March through June, and lbwer
levels occurring in the winter months. In the present study, the
goldfish pituitary appears to be most capable of responding to SRIF-14
at a time of year when serum GH levels are lowest. Conversely, the
magnitude of the response elicited by SRIF-14 was lower at the tiffe of
vear when circulating GH levels are highest in the goldfish. The
increased pituitary responsiveness to SRIF-14 in Experiments 1, 2 and 4
also corresponds toathe time of year when the pituitary content of
immunoreactive SRIF is the highest in the goldfish [Chapter 3].

In mammals, SRIF-28 and SRIF-14 are produced from the same proSRIF
molecule [Goodman et al., 1982; Shen et §11< 1982], and SRIF-28 has at
least equal potency with SRIF-14 in inhibitiné\GH release in vivo and in
vitro [Brazeau et al., 1981; Millar et al., 1983; Tannenbaum et ai.,
1982). It is not known if the proSRIF-I molecule in teleosts is also
processed to a peptide similar to SRIF-28 containing the sequence of
SRIF-14 at its carboxyl terminus. However, results from Experiment 3 of
the present study indicate that mammalian SRIP-28 is identical in

potency. to SRIF-14 in inhibiting GH release from goldfish pituitary
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fragments; in Experiment 3 the ED,, of SRIF-28 was calculated as 1.0 nM
whereas the ED,, of SRIF-14 in Experiment 2 was 1.3 nM:

The presence of two distinct proSRIF molecules in teleosts has led

- -

to the suggestion that the peptides derived from the two precursors may
have different physiological functions [Andrews and Dixon, '1981; Andrews
et al., 1984b; Fletcher et al., 1983; Hobart et al., 1980; Magazin et
al., 1982; Minth et al., 1982; Morel et al., 1984b; Plisetskaya et al.,
1986; Spiess and Noe, 1985]. cSRIF-22 has been shown to inhibit GH
rele;se from rat.pituitary cells [Andrews et al., 1984b; Oyama et al.,
19811, bui with only 0.01 to 0.1 % of the potency/9£i§RIF—l4. CSRI%*ZZ
also displaces SRIF-14 from a rat pituitary membr;ne preparation, but
once again with only a fraction of tﬂ; potency of SRIF-14 [Oyama et al.,
1981]). In yhe same study, cSRIF-22 was also found to inhibit insulin and
glucagon release from the perfused rat pancreas, with approximately 10 %
of the potency of SRIF-14. Thus, in the rat, cSRIF-22 doeg possess
biological activitieé similar to SRIF-14, albiet with gr;atly reduced
potency. The influence of sSRIF-25 on hormone release in mammals has not
been studied, although Plisetskaya et al. [1986] have shown that
SSRIF-25 decreéjes circulating insulin levels in coho salmon.

The present study is the first to examine the influences of
cSRIF-22 and sSRIF-25 on pituitary hormone release in a teleost species.
In this study, cSRIF-22 at doses up to 100 nM had no effect on GH
release from goldfish pituitary fragments, wheregs a 1 nM dose of
SRIF-14 inhibited GH secretion from the same fragments. The apparent
lack of activity of‘cSRIF—ZZ is not surprising as 7 of the 14 amino

acids at the carboxyi terminhs are different from those in SRIF-14.

[Andrews et al., 1984b}. In mammalian systems, structure activity
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studies [Vale et al., 1975; Vale et al., 1977] have shown that
alterations to several of the amino acids in SRIF-14, including Phe*,
Phe’, Trp*, Lys® and Phe!!, result in a very reduced potency of the

t

{
SRIF-14 molecule. Several of the correspohding residues in cSRIF-22 have

-

been altered [Andrews et al., 1984b]. Alterations to these positions in
/

CSRIF-22 as well as in other regions of/the molecule may contribute to

the lack of potency observed in the prqgent study. cSRIF-22 is also

o
glycosylated at Thr*, a feature unique/to this form of SRIF which may
- also influence its biological activity [Andrews et al., 1984b].

In a separate experiment, sSRIF-25 at concentrations up’to 10 nM
was also ineffectivé, compared to SRIF-14, in altering GH secretion from
the goldfish pituitary. The lack of any effect of sSRIF—Zg in this
experiment is somewhat surprising as only 2 of the 14 amino acids at the
carboxyl terminus of sSRIF-25 are different from those in SRIF-14, with
the remainder of -the molecule also/having a fairly high degree of ’
homology with mammalian SRIF-28 [Plisetskaya et al., 1986]. However,
sSRIF-25 is almost identical to alRIF—ZB, and Speiss and Noe [1985]
previoﬁgly suggested that aSRIF-28 would not be a potent inhibitor of GH
release, as the 2 substitutions in the ;arboxyl region of aSRIF-28 occur
in the reg%on of the molecule thougﬂt to be important for biological
activity in mammalian spec;es. Morel et al. [1984b] demonstrated tha;
aSRIF-28 at concentrations ranging from 0.1 to 10 nM inhibited GH
secretion from the rat anterior pituitary gland, although with reduced -
potency compared to SRIF-14. Therefore, the results of the present study
support the prediction of Spiess and Noe [1985], and indicate that very
slight alterations in the SRIF molecule, especially in the carboxyl

region, result in the loss of biological activity in terms of inhibjff&n
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of GH secretion from the goldfish pituitary.
’
The presence of the identical SRIF-14 molecule in species from a

wide phylogenetic range of- vertebrates [Andrews and Dixon,'1981; Brazeau
et al., 1973; Conlon et al., 1985; Noe et al., 1979; Plisetskaya et al.,
1986; Spiess et al., 1979] ihdicateSﬁstrong evolutionary pressures to

maintain the integrity of the SRIF-14 molecule throughout vertebrate

r

evolution, presumably because this molecule fulfills a biological
function necessary.for the survival of vertebrates. Results from the

present study provide support fof the hypothesis that SRIF-14 is an

)

important regulator of GH secretion in the goldfifh, demonstrating thaf

at least one biological action of SRIF-14 has been as highly conserved

-

as its structure throughout vertebrate evolution.



:Figure 2.1 has been published elsewhere (see Marchant et al.,
j

1987, Regulatory Peptides 177 41-52), and has been removed

because of the unavailability of copyright permission. This

figure demonstrates the inhibition of GH secretion from

perifused fragments of the goldtfish pituitary tollowing scquential
4 . - ) . ~ . .
exposure to increasing concentrations ot SRIF-14,
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Pigure 2.2 has been published celsewhere (see Marchant et ;171.,
1987, Regulatory Pcptidcs4gz: 41-52), and has been removed
because of the unavailability of copyright permission. This
tigure dcmonat;atcs the dose-dependent inhibition of GH secretion

from perifused fragments of the goldfish pituitary gland by

sequential exposure to increasing concentrations of SRIF-14.
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bBigure 2.3 has been published elsewhere (see Marchant ot al

1987. Regulatory Peptides 17:41-52), and has been removed
because of the ll]]ilv;lilul)ill})’ ot copyright permission. Fhis
tfigure demonstrates the inhibition o) GH secretion from
perifused fragments ot the gulLH‘i.\‘h pituitary tollowing

exposure to two minute pulses of various concentrations of

SRIF-14. \



Frgure 2.4 has been published c¢lsewhere (sce Marchant et al.,

1987, Regulatory Peptides 17: 41-52), and has becen regoved
because of the unavailability of copyright permission. This

L
&'y Xlie dose-dependent inhibition ot GH secretion

. kS
’1gun- demonstit
from peritused fragments of the goldfish pituitary gland
following cxposure to two minute pulses of various concentrations

of SRIF-14.



Figure 2.5 has been published clsewhere (sce Mapchant et al.,
1987. Regulatory Peptides 17: 41-52), and has been removed
because of the unavailability of copyright permission. This
tigure demonstrates the dose-dependent inhibition of GH secretion
trom perifused fragments of thc‘goldfish pituitary gland

tollowing exposure to SRIF-14 and SRIF-28, but not ¢SRIF-22,
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Figure 2.6. Effect of 2 minute pulses (black bars) of three doses of
SRIF-14 followed by a corresponding dose of sSRIF-25 on GH levels in
medium collected at 5 minute (1.25 ml) intervals from three individual

‘perifusion columns containing ffagments of the goldfish pituitary. O
\



o
Table 2.1. Growth hormone secretion rates (% of basal) in individual
pituitary perifusion columns following exposure to 2 minute pulses of

equivalent concentrations of SRIF-14 and sSRIF-25 at 60 minute

intervals.

GH Secretion Rate (% of basal)
2
A
Column nM Peptide SRIF-14 sSRIF-25
A
1
A ; 0.1 100 109
B 0.1 97.6 ~ 108
kS
o - 1.0 79.1 97.5
D 1.0 83.4 95.9
E 10 63.4 4.5

F 10 68.1 95.7
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3. THE RELATIONSHIP BETWEEN SERUM GROWTH HORMONE LEVELS AND THE BRAIN

AND PITUITARY CONTENT OF IMMUNOREACTIVE SOMATOSTATIN IN THE GOLDFISH

3.1 INTRODUCTION

Immunocytochemical studies in a wide variety of teleost species,
including the goldfish, have shown that cell bodies and nerve fibers
containing immunoreactive somatostatin (irSRIF) are widely'distributed
throughout the central nervous system [Dubois et al., 1979; Grau et al.,
1985; Kah et al., 1982; Olivereau et al., 1984a, 1984b; Vigh-Teichman et
al., 1983]. The regional distribution of irSﬁIF in the brain appears to
be quite similar in all of the teleost species studied.‘lmmunoreactive
cell bodies are present in several nuclei iﬂ the preoptic and
periventricular regiops, including the nucleﬁs preopticus (NPO), nucleus
preopticus periventricularis (NPP), nucleus anterioris periventricularis
(NAPV),Vanq ihe nucleus lateralis tuberis (NLT). Fibers from nuclei in
the forebrain form a dense plexus of irSRIF fibers in the
periventricular region of the hypothalamus. At least some immunoreactive
‘fibers from this plexus course through the basal hypothalamus and the

/ infundibulum to terminate within the pituitary gland. In cyprinid
species such as the goldfish [Kah et al., 1982; Olivereau et al., 1984b]
irSRIF fibers penetrate into the proximal pars distalis and are found

scattered ahong the somatotrophs. In other species such as the eel

(Anguilla anguilla) [Blivereau et al., 1984a] and various salmonids

[Dubois et al., 1979; Olivereau et al., 1984a), irSRIF fibers terminate

on the basal lamina of the neurohypophyseal tissue within the proximal

. 46



47

pars distalis. The tilapia (Oreochromis mossambicus) is unique among the

teleost species studied to date in that irSRIF fibers are also found in

neurohypophyseal tissue within the rostral pars distalis [Grau et al.,
\
1985].

The close association of the irSRIF fibers with the somatotrophs
in the teleost pituitary provides an anatomical basis for a functional
relationship between SRIF and growth hormone (GH) secretion in teleosts.
Extensive evidence has accumulated to support the hypothesis that
hypothalmic SRIF functions as a GH release-inhibitory factor in mammals ({
[Arimura and Culler, 1985]. SRIF has been shown to decrease circulating
levels of GH ig the goldfish [Cook and Peter, 1984], and to inhibit gﬁ /{;

®
secretion in vitro from the pituitary o# goldfish see Chapter 2],

tilapia [Fryer et al., 1979; Rivas et al., 1986] and Poecilia latipinna
[wigham and Batten, 1984]}, suggesting that SRIF also functions as a GH
release-inhibitory factor in teleosts. Two brain lesion studies in the
éoldfish [Cook and Peter, 1983; Fryer, 1981] provided evidence
suggesting that the preoptic area of the forébrain exerts an inhibitory
influence on GH secrétion, and it was hypokhesized that this inhibitory
projection may be somatostatinergic [Cook and‘PeE%:, 1983; Fryer,‘}gal].
In another study [Olivereau et al., 1984a), a decrease in the amount of
i;SRIF detected by immunocytochemistry in the pitu;tary was associated
with increased secretory activity of the somatotrophs, following
long-term starvation in the eel and carp. Although these studies suggest

that SRIF in the brain and pjituitary may be involved in the

neuroendocrine regulation of GH secretion in teleosts, direct evidence

1

.

linking changes in the brain and pituitgry content of irSRIF to

variations in circulating GH levels ip a teleost species is not



currently available.

In tﬁe present study, \the relationship between endogenous brain
and pituitary SRIF and circulati GH levels was studied in the goldfish
using two experimental approaches.‘First, the amount of irSRIF in the
pituitary and various brain regions was measured by radioimmunoassay

»
(RIA) at several times throughout the year, in relation to seasonal

\
changes in serum GH levels [Marchant and Peter, 1986]. Second, the brain
origin of irSRIF fibers in the goldfish pituitary was studied by

measuring the amount of irSRIF in the pituitary following destruction of

specific brain areas by radiofrequency lesions.



3.2 MATERIALS AND METHODS

Experimental Animals

Goldffsh of the common or comet varieties were purchased from
Grassyforks Fisheries (Martinsville, IN). For the selsonal. experiments,
L 4
goldfiéh were obtained at five different times throughout the year;/\

i
female goldfish (15 to 25 g) were selected and placed in 96 L ~4/
flow-through aquaria. The fish were maintained for 4 weeks at
photoperiods and temperatures simulating natural (Edmonton})
environmental conditions appropriate {or the time of year when the
experiment was conducted. Photoperiods were adjusted weekly to account
for natural changes in daylength; natural dawn and dusk conditions were
a;sq\simulated. The temperatures and photoperiods used in the present
studyAWere similar to those used previously to examine seasonal changes

: (
in somatic growth and serum GH levels in the goldfish [Marchant and
Peter, 1986]). For the brain lesion experiments, female goldfish were
placed in 96 L flow-through aquaria and maintained on a photoperiod of
16 hours light:8 hours dark (16L:8D) at 18 °C for a minimum of three

N
weeks before each experiment. In all experiments, the fish were fed to

3
satiation twice daily with commercially prepared fish food (Clark's New
Age Fish Feed Pellets, Moore-Clark Co., LaConner, WA). -
N

Seasonal Experiments

Grﬁpps of goldfish were sacrificed following acclimation go

simulated natural photoperiods and temperatures at figé\separate times

throughout the year: early February, early May, mid-June, late July, and

\
A
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R4

B ggfz November. The goldfish were placed in anaesthetic (0.05% tricaine
me

P
\\/
L Kjné\//ements ceased. Blood samples were taken from the caudal vasculature

I .
using procedures described previously [Marchant and Peter, 1986]. The
N «

anesulphonate; Sigma Chemical Co., St. Louis, MO) until opercular

blood samples were‘allowed to clot at 4 °C for several hours,
centrifuged, and the serum collected and stored at -25 °C. Following
blood samplin;, the fish were killed by spinal transéction. The cranial
cavity was opened dorsally and the whole brain was removed by grasping
the spinal cord with blunt forceps and cutting the cranial nerves with
fine scissors as the brain was gently lifted dorsally. The brain was
placed in a Petri dish over wet ice. The pituitary gland, which femained
-in the sella turcica following brain Eéhoval, was removed and placed in
the Pet;i dish over wet ice. The brain was cut using fine scissors into
variousrportions design;ted as the hypothalamus, telencephalon,
thalamus+mid-brain, and the cerebellum+medulla kFigure 3.1).

SRIF in the brain and pituitary samples was extracted using
procedures modified fpom those of King and Millar [19’9]. Following
separation, each brain region and pituitary was placed in a test tube
containing 1.5 ml of ice cold 2 M acetic acid. The tissue samples were
kept ice cold and homogenized for 30 seconds using a Polytron
homogenizer. The homogenized sample was t;ansferred to a second test
tube and the test tube used for homogenization rinsed with 1.0 ml of ice
‘cold acetic acid; this rinse was added to the homogenizéd'sample. The

. L
samples were then centrifuged at 10,0009 for 45 min at 4 °C. The
supernatant from each sample was cgllected, an aliquot removed for

protein.measurement and the balance frozen on dry ice for irSRIF

measurement. Tissue samples used for *irSRIF measurement were lyophilized

Y

-~
~



51

and stored at--25 °C until reconstitution in the assay buffer. The
efficiency of this extraction procedure was estimated by adding 1000 p§
of SRIF-14 to samples of the pituitary and each brain region prior to
homogenization and extraction. Recovery of the édded SRIF in samples
from each area was greater than 87 %. k\

/

Brain Lesioning Experiments

/

Lesions were placed in the goldfish forebrain using the techniques
detailed by Peter and Gill [1975]. The lesions were made using a
radiofrequency lesion generator (Radionics Laboratories, Burlington,
MA), coupled to a temperature-sensing electrode, to supply sufficient
current to generate lesion temperatures of 80 to 90 °C for 30 seconds.
In Experiment 1, large medial lesions were placed at the level of the
NPP and NPO in the preoptic region (coordinates: A +1.2-1.4, M, D
1.9-2.0). ImExperiment 2, large medial lesions were placed at the level
of the NLT pa;s anterioris (NLTa) in the anterior-ventral hypothalamus
(A +0.9, M, D 2.9), and more posteriorly (A +0.5, M, D 3.i) at the level
of the NLT pars posterioris (NLTp). In sham-operated animals, the
electrode was lowered into the brain at the same coordinates, but
current was not applied. ¢

In Experiment 1, the fish were sacrificed at 30 days following the
operation, whereas in Experiment 2, the} fish were sacrificed 8 days
post—operétion. At the time of sacrifice, the fish wege placed in excess
anaesthetic, blood sampled, and the pituitary removed and placed in 1.5
ml of ice cold 2 M acetic acid. SRIF.in the pituitary was extracted as

.described for the seasonal experiments. Brains were also removed at the

time of sacrifice,' fixed in Bouin's sol'ution, and the placement of the

s
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1

electrode was checked using routine histological procedures [Peter and

Gill, 1975].

Hormone and Protein Measurement
The amount of GH in sérum samples firom the February, May, June and
Novémber sample times in the sesaonal study were measured using the carp
_ GH RIA described previously [Coék g£ al., 1983]. The serum samples from
fish sampled in July were inadvertently ae;troyed before measurement in
the GH RIA. Serum GH lévels-in samples from Experiment 1 of the lesion
study were also measured“using this RIA [Cook et al., 1983], whereas GH
levels in serum samples from lesion Experiment 2 were measured using the
newly developed carp GH RIA [Appendix 1]. IrSRIF in brain and pituitary
extracts was measured usingﬁthe SRIF RIA described in Appendix 2. Prior .
-

to the SRIF RIA, each lyophilized tissue sample was reconstituted in ’
1.00 ml of the assay buffer. The reconstituted samples were centrifuged
at 10,000g for 30 min at 4 °C, and the supernatant from each sample
collected and stored at -25 °C unti} assayed for irSRfF. All samples
were assayed in duplicate.

The protein content of the tissue extracts was determined using a
commercially available protein assay kit (Biorad Laboratories,
Mississauga, Ont.). Bovine segum albumin dissolved in 2 M acetic acid

was used as the standard in the p?Ziein assay. The amount of protein in

the pituitary samples was"undetectaﬁie using this method;’cgnsequently,

-8

~ only the protein cantent in the four brain regions was determined.
g ',r)}i,‘.'f E 3
¢ :
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Statistical Analysis

The irSRIF content in the four brain regions was ca;culated as the
totalﬂaﬁougt of irSRIF in each area divided by the amount of protein in
the supernatant collected after the-initial centrifugation. irSRIF in
the pituitary extracts was calculated as the total amount of irSRIF per
pituitary. Differences between each time of the year in the amount of
irSRIF in each region were analyzed by aﬁalfsis of variance (p<0.05)
followgd by Duncan's multiple range test (p=0.05) [Steel and Torrie,
1966]. Serum GH data from the seasonal experiments were normalized using
a Iogargthmic transformation, and analyzed using analysis of variance
(p<0.05) fpfiowed bX Duncan:s multipie range test (p=0.05). For the
brain lesion expériments, pituitary irSRIF content in the lesion and
sham—ope;ated groups was compared using Student's t-test (p<0.05). Serum
GH data were normalized using a logarithmic transformation and compared
using Student's t-test when variances were homogeneous (Experiment 1).
The Kruskall-Wallis test (p<0.05) was used to compare serum GH levels
when the variances were hetercgeneous among treathent groups (Experiment
2).

\_"~
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3.3 RESULTS

)
Seasonal Experiments

Serum GH levels were significantly different between all of the
groups of goldfish sampled at the vario@s times of the year (Table 3.1).
The highesf serum GH levels were found in the group sampled in June,
whergas the lowéét levels were obsefved in the group sampled in
November. In February and March, serum GH levels were intermediate
between thosé measured in fish sampled in June and November. The
seasonal profile in serum GH levels in the present study is very similar
to seasonal changes in circulating GH levels reported previously in the
goldfish [Marchant and Peter, 1986]).

The amounts of irSRIF in the pituitary gland in fish sampled in
February and November (Table 3.1) were similar, but significantly higher
than the pituitary irSRIF content measured in fi;h from May, June and
July. The pituitary irSRIF content was similar in groups of fish sampled
in May, June and July.

The amount of irSRIF in the hypothalamus of fish sampled in
November was significantly higher than in groups sampled at other times
of the year (Table 3.I). In fish sampled in February, the hypothalamic
irSRIF content was higher than in fish sampled in June, but sifiilar to
the hypothalamic irSRIF cohtent found in fish sampled in May and July.
The hypothalamic irSRIF content was‘similar in fish sampled in May,‘June
and July. |

The amount of ipégﬁf in the telencephalon of fish sampled in

ﬁovember was significantly higher than in fish sampled at other times of

AN
N Y
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the year (Table 3.1). In February, the amount of irSRIF in the
telencephalon was significantly higher than in groups of fish sampled in
May, June and July. In May, the telencephalic content of irSRIF was
significantly higher than in the group sampled in July. In June, the
amount of irSRIF in the telencephalon was similar to that of fish
sampled in July and May.

In November, the amount of irSRIF in the thalamus+mid-brain was

<‘TX: /E;gnlficantly higher than in groups sampled at the other times of the
W year (Table 3.1). The irSRIF content of the thgfgmus*mid-brain in fish
sampled in May was significantly higher than in groups sampled in
February, June o JGT;T—;;g'irSRIF content in the thalamus+mid-brain was
-
similar in the grou of \fish sampled in February, June and July.

The amounts of irSRIF meas’in the cerebellum+tmedulla in July
and May were similar, but significantly higher than in fish sampled in
February, June and November (Table 3.1). In May, the irSRIF content of
the cerebellum+medulla region was similar to that found in fish sampled
in November, but signifi!ﬁntly higher than that found in fish sampled in
February and June. The irSRIF content in the cerebellum+medulla region
in fish sampled ;n November was Significantly higher than in fish \
sampled in February, but similar to the amount found in fish sampled in

- June. The irSRIF content of the cerebellum+medulla was. similar in fish
sampled in February and June. |

’

Brain Lesion Experiments

‘ . .
The placement of the lesions qu“ determined using the anatomical
-4

.

atlas of the.goldfish forebrain described by Peter and Gill [1975]. In

Experiment 1, the lesions were centered in the NPP ang_NPO, completely
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destroying these nuclei as well as areas lateral tg the NPP and NPO
(Figure 3.2). No damqge to this area was evident in the brains of the
sham-operated animals. At 30 days following the operation, serum GH

N
levels were significantly higher 1n the group with lesiogs in the
preoptic area compared to the sham-pperated control group (Figure 3.3).
The pituitary ir SRIF was signficantly IOﬁer in the\group with preoptic
lesions compared to the sham-operated group (Figure 3.3).

In Experiment 2, lesions placed in the anterior hypothalamus were
centered around the NLTa, completely destroying this nucleus, the NLT
pars lateralis, the anterior portion of the nucleus aqterior tuberis
(NAT),and the immediate surrounding area, but leaving posterior and :
lateral areas intact (Figure 3.4). Lesions placed more pos;eriorly in
the basal hypothalamus were centered in the NLTb and completely
destroyed this nucleus, the NLTa, NLT pars inferioris, the anterior
portion of the NAT and‘in some cases, portions of the nucleus recessus
lateralis (NRL), as well as most of the fegions lateral to these nuclei
(Figure 3.4); the lesiaons centered around the NLTp were located so as to
desiroy the majoiity of the fibers innervating the pituitary. No damage
was evident' in any of the brains from sham-operated fish. At 8 days
following the operation, sefum GH levels in fish with lesions centered
in the NLTa were similar to the sham-operated controls (Figure 3.5). The
pituitary irSRIF content in animals with these lesions was also similar
to the sham-operated group (Figure 3.5). However, in fish with lesions

- . -
centered in the NLTp, the pituilary irSRIF content,wgs signiflcantly

lower compared to sham-operated fish (Figure 3.5). Serum GH levels in

fish with the lesions centered in the NLTp tended to be slightly higher
A d

-~ .



compared to the sham-operated group, although this difference was not

statistically significant (Figure 3.5).
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3.4 DISCUSSION

irSRIF-was detected in all of the regions of the goldfish brain
examined iL the present” study, “including the pituitary gland. In
goldfish, numerous irSRIF fibers are found within the prox?iLI pars
distalis, in close association with the somatotrophs [Kah et al., 1982;
Olvereau et al., 1984a]. On this basis, the irSRIF detected in the
pituita;; gland in the present study is presumed to be contained within
neuronal fibers in the pituitaf}. The irSRIF content of the
telencephalic and hypothalamic regions of the goldfish brain was much
higngr than in the thalamus+mid-brain and cerebellum+medulla areas.
Immunocytgchemiéal studies have found irSRIF widely distributed in
fibers and cell bodies throughout the brain of the goldfish and other
teleost species [Kah et al., 1982; Vigh-Teichmann et al., 1983;
Olivereau et al., 1984a, 1984b]. However, the majority ©f irSRIF fibers

-
and cell bodies in th®t goldfish forebrain appear to be localized 1{ the
periventricular region of the preoptic area. Therefore, the larger
amounts of irgRIF measured by RIA in the telencephalon and hypothalamus
in the present study correspond éo those regions previously demonstrated
to contain the highest density of irSRIF perikarya and fibers.

In the present study, the)amount of irSRIF in the pituitary gland
of the goldfish was found to vary on a seasonal basis. The greatest
amount of irSRIF in the pituitary was found in fish sampled in November
and February, whereas the pituitiry content of irSRIF in May, June and
July was uniformly low. These results suggest that the pituitary content

is highest at the time of year when serum GH levels are lowest and,

L4
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conversely, lowest at the time of year when serum GH#levels are the
highest, providing additional support for a functional relationship
between irSRIF contained in neuronal fibers within the proximal pars
distalis and GH secretion. Interestingly, goldfish pité}tary fragments
in vitro were found to be most responsive to SRIF in Jéﬁuary and
February [Chapter 2], a time of 'year corresponding to a high pituitary
SRIF content and low serum GH levels.

! The amount of irSRIF present in the telencephalon and hypothalamus
of the goldfish was also found to vary on a seasonal basis. These
changes in irSRIF content werg‘also inversely related to serum GH
levels. In the telencephalon and hypothalamus, the irSRIF content was
highest in November and February, the times of the year when circulating
GH levels were the lowest. Conversely, in May, June and July, the irSRIF
content of these regions decreased; serum GH levels are the highest at
this time of year. Some differences in the amount of B SRIF present in
the two other brain areas (the thalamus+mid-brain and the
cerebellum+medulla) were observed at certain times of the year, bui
these differences do not appear to be related to seasonal changes in
serum GH levels. Presumably, the irSRIF f;und'in these latter brain
regions has a function not necessarily related to pituitary hormone
secretion. In mammals, SRIF is known to have various actidns as a
neurotransmitter or neuromodulator in the central nervous system
[A;imura, 1981], and it is possible that SRIF may ;150 have similar
~actions in the teleost brain [Olzzereau et al., 1984a; Vigh-Teichman et
al., 1983].

\}

Previous studies in teleosts have suggested that SRIF present in

.the forebrain may have a role in the regulation of GH secretion.
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Immunocytochemical studies have identified fibers containing irSRIF,
originating from sexera1~nuc1ei in the periventricular area of\ihe
preoptic region, Bhat form a dense plexus in this periventricular
region, and appear to contribute to a preoptic-hypophyseal tract of
irSRIF fibers reaching the infundibulum [Kah et al., 1982;
Vigh-Teichmann et al., 1983; Olivereau et al., 1984a, 1984b]."Althouah
the dis;’ection of the brain in the present study d\l: not allow
measurement of the irSRIF content gf individual nuclei in the goldfish
forebrain, results of the present study indicate that gross changes in
the irSRIF content éf the goldfish forebrain can be relateé.to seasonal
changes in serum GH levels. This provides the possibility that changes
in irSR{F in the telencephalon and hypothalamus may be involved in the
neuroendocrine regulation of serum GH levels throughout the year.
Destruction of the NPP and NPO, two nuclei containing abundant
irSRIF cell bodies, results in increaseq”somatotropw secretory activity
[(Pryer, 1981], and increased serum GH levels and growth rates [Cook and
Peter, 1983] in the goldfish, presumably as a result of the destruction
of an inhibitory projection to the pituitary. Fryér [1981] also found
that the number of peptidergic neurc¢secretory fibers innervating the
proximal pars distalis was reduced folldﬁing lesioning in the preoptic
area, and suggested that the NPP—NéQ region was the origin of
peptidergic’fibers inhibiting GH secketion from the pituitary of the a
goldfish. The present study also provides‘evidencé7that the preoptic
region exerts an inhibitory influence én GH secretion in the goldfish,
as serum GH levels were significantly i&;teased in fish with the NPP-NPO

lesion. Importantly, the finding that théigmount of irSRIF in the

pituitary is significantly reduced in animais with the NPP-NPO lesion,
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& provides evideﬁce directly supporting the hypothesis that the inhibitory
projection from the preoptic area may be somatestatinergic.

Interestingly, the NPP-NPO lesions in thé present study did not
completely abolish irSRIF in the pituitary, suggesting that destruction
of the NPP-NPO did not destroy all of the irSRIF projectigns to the
pituitary. It is‘unlikely tﬁat the NPP or NPO together are the ;rigin of
all of the rémaining irSRIF in the pituitary as these two‘nuciei were
completely destroyed by the majority of the preoptic lesions. The

e

animals were also sacrificed 30 days following the operation, allowing
sufficient time for tﬁe degeneration of pituitary nerve fibers following
destruction of irSRIF—containiﬁg neurons in the preoptic nuclei [Fryer,
1981]. The most likely explanation for the presence of irSRIF in the
pituitary of goldfish with lesions in the prgoptic area is that at least
one other brain area also sends a projection of irSRIF to the pituitary.
Immunocytochemicél studies have identified irSRIF neurons in several
other forebrain nuclei, including the NAPv and NLT, and it is possible
that these nulcei may also be the oriég; of irSRIF fibers in the
goldfish pituitary. 4

Leigons centered in the NLTa which spared lateral and posterior
hypothalamic ?reas (Experiment 2) did not influence serum GH levels or
the pituitary content of irSRIF. This indicates that irSRIF fibers
innervating ;he goldfish pituitary probably do not originate or pass -
through the areas of the hypéthalamus destroyed by the lesion. In
contrast, lesions centered in the NLTp resulted in a dramatic reduction
in the amount of irSRIF in the pituitary. These lesions were .located so

as to destroy a large region of the basal hypothalamus, and the very low

levels of irSRIF in the pituitary suggests that the'majorify of irSRIF
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fibers innervating the.pituitary were also destroyed. Thus, the majority
of irSRIF projections to the goldfish pituitary appear to course through
areas posterior and/or lateral to the NLTa. It is possible that nuclei
containing irSRIF perikarya [Kah et al., 1982; Olivereau et al., 1984a)
destroyed by the lesion in the basal hypothalamus may also be the origin
of at least somef of the irSRIF fibers in the piﬁuitary.

Although the pituitary content of irSRIF was very low in fish with
a lesion centered in the NLTp, serum GH levels were not signficantly
increa;%> in these animals. GH secretion in the goldfish [Cook and
Peter, 1983; Peter and Fryer, 1983] and other teleosts [Ball)\ 1981]
appears to be regulated at least in part by a stimulatory influence from
the Rypothalamus. In the present study, the lesions centered in the NLTp
were located so as to destroy the majority of fibers innervating the
pituitary; presumably, fibers containing subtances stimulatory to GH

AN
secretion would also have been destroyed by these lesions. Therefore,

the absence of chalges in-ierum GH levels in the presence of low amounts
of irSRIF in the pituitary may be due to concommitant destruction of

both stimulatory and inhibitory projections to the goldfish pituitary.

»

vv‘ ,
\ The present study is the first to examine the relationship between

circulating levels of GH and the content of endogenous brain and
pituitary irSRIF in a 1owef vertebrate. The seasonal experigents .
indicate that the amount of irSRIF present throughout the year in the
pituitary and the goldfish forebrain is inversely related\to seasonal
variations in serum GH levels in the goldfish. The brain lesioning
experiments provide evidence fhat naclei in the preoptic region of tpe
forebfain are the origin of at 1e;st some of the irSRIF nerve fibers 1n.
£he goldfish pituitary. Together, these results provide additional

R
A
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support for a functional relationship between endogenous SRIF and GH
secretion in the goldfish, and for the hypothesis that SRIF functions as

a GH release-inhibitory factor in teleosts.
\ .
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Figure 3.1. Planes of cuts used to dissect the goldfish brain into
different regions for determination of irSRIF content. Designations as
follows: 1 - pituitary; 2 - hypothalamus; 3 - telencephalon (including
the preoptic area); 4 - thalamus+mid-brain; 5 - cerebellum+medulla.
Abbreviations: OB ~ olfactory bulb; TEL - telencephalon; ON - optic
nerve; OT - optic tectum; THAL - thalamus; HYP - hypothalamus; CER ¢
/Sprebellum; MED - medulla oblongata; SC - spinal cord; PIT - pituitary.

¢

9
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Figure 3.2. Diagx tic summary of t lacement of lesions (n=14) in
the preoptic regidg of the goldfish forebrain (Experiment 1). The

distance between the cross-sections is 0.3 mm. Abbreviations: T -
telencephalon; NPP - nucleus preopticus periventricularis; OC - optic
chiasma; AC - anterior commissure; NPO - nucleus preopticus; NAPv -
nucleus anterioris perlveﬁirlculalrxs' NLTa - nucleus lateral tuberis
pars anterioris; NAT - nucleus -anterior tuberis; NLTp - nucleus lateral
tuberis pars posterioris; NRL - nucleus recessus lateralis; OT - optic
tectum; SD - saccus dorsalis; PIT - pituitary..
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Figure 3.3. Serum growth hormone (GH) levels (top panel) and pituitary
content of immunoreactive somatostatin (irSRIF; bottom panel) in female
goldfish 30 days r sham operation or placement (Figure 3.2) of a
lesion in the preoptic region of the goldfish. Sample sizes in each
group are indicated along the abscissa in the top panel. Significant
(p<0.01) differences in serum GH levels and pituitary irSRIF between the

grcups are indicated by asteriks.
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Figure 3.4. Diagrammatic summary of placement of lesions at the level of
the NLTa in the anterior hypothalamus (top panel) and at the level of
the NiJp in the basal hypothalamus (bottom panel) in female goldfish
(Expiiiment 2). See Figure 3.2 for definition of tPe abbreviations .
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) levels (top panel) and the content

of immunoreactive somatostatin (irSRIF) in the pituitary (bottom .panel)

of female goldfish sacrificed 8 ddys following sham-operation.or
placement (Figure 3.4) of lesions centered in the NLTa or NLTp.
Significant (p<0.0l) differences in serum GH Ievels and the pituitary
irSRIF content between sham-opéerated and the lesioned groups are

indicated by asteriks. Sample sizes in each group are ‘indicated along‘

the abscissa in the top panel.

\
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4. THE EFFECTS OF GONADOTROPIN-RELEASING HORMONE ON SERUM GROWTH HORMONE

LEVELS IN THE GOLDFISH

4.1 INTRODUCTION

Early studies demonstrated that extracts of the teleost
hypothalamus stimulated growth hormone (GH) secretion {for review: Ball,
1981], although the nature of the active substance(s) was not known.
'Recently, two ﬁammalian hypothalamic hypophysiotropic factors have been
reported to elevate_circulating GH levels in the goldfish. Peter et al.
{1984] reported that intraperitoneal (ip) injection of human
GH-releasing hormone (GHRH) elevated serum GH levels in female goldfish,
and these authors [Peter et al., 1984] suggested that the teleost
hypothalamus may contain a GH-releasing factor structurally related to
the GHRHs isolated from the hypothalamus of several mammalian species
[Frohman and Jansson, l986]? However, in a preliminary rebort, Chang et
al. [1982] found that ip injection of an analog of mammalian
ébnadotropin (GTH)—releasing hormone (mGnRH) resulted in increased serum
GH levels in female goldfish. This latter finding provideslthe
possibility that GnRH may stimulate GH release in the goldfish, in <
addition to its well-established role as a stimulator of GTH secretion

in teleost fishes [Peter et al., 1986].

’
The purpose of the current study was to further examine the

influences of native mammalian and teleost GnRHs, as well as analogs of
these molecules, on circulating GH levels in both male and fema;e

4 R
goldfish. In addition, the influence of dopamine, a teleost GTH
. d )

% "

72.
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release-inhibitory factor [Peter et al., 1986], on GnRH-induced:
elevations in serum GH levels was determined by examining the influence
of pimozide, a dopamine receptor antagonist, on the GnRH-induced

elevation of serum GH levels.
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4.2 MATERIALS AND METHODS

Experimental Animals

‘Goldfish of the common or comet varie%&es (20-30 9 body weight)
were purchased from Ozark Fisheries (Stoutland, MO) or Grassyforks
Fisheries (Martinsville, IN). The goldfish were held in &ow~through
aquaria (1800 or 3600 L) at 12-15 °C under a simulated ;:igral
(Edmonton) photoperiod for at least three weeks prior to selection for
the experiménts. Appfoximately 7 days prior to an experiment, goldRish
were transferred to 96 L flow-through aquaria and acclimated to a 16 h
light:8 h.dark (16L:8D) photoperiod and 12 °C; for Experimen€ 1 qnly,"
the water temperature was maintained at 18 °C. The goldfish were fed
twice dai%y to satiation with commercia;ly‘prepared fish foo? (Clark's
New Age Fish Feed Pellets, Moore-Clark éo., LaConner, WA).

~ /

Experimental Treatments

Synthetic mammalian GnRH (mGnRH) and [D-Ala*,Pro’REt]-mGnRH
(mMGNRH-A) were pyrchased fr:; Sigma C§emical Co. (St. Louis, MO).
Synthetic salmon GnRH/([Trp7,Leu']—mGnRH; sGnRH) and
[D-Arg*,Pro’NEt]-sGnRH (sGnRH-A) were generously provided by W.W. Vale
and J.E. Rivier (The Clayton Foundation Laboratories for Peptide
. Biology, The Salk Institute, San Diego, CA 92037). The GnRH peptides
were dissolved in freshwater fish physiological saline [Burnstock(~1958]
and injected ip at doses expressed as ug peptide/g bod; wg}gpt o
(injection volume = 5 ul/g body weight). Pimozide was a gift from

& ! .
Janssen Pharmaceuticals, Ltd.- (Beerse, Belgium). Pimozids was suspended
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in a vehicle solution consisting of 0.7 % NaCl with 0.1 % metabisulphite
and injected ip at doses expressed as ug pimozide/g body.weight of fisﬁ
(10 ul/g body weight).

Prior ps each experiment, the fish were weighed and taéged for
individual identifica;ion. Blood samples (150 to 250 ul) were taken from
the caudal vasculature of anaesthetized fish using procedures dgscribed
previously [Chang et al., 1985]. The blood samples were allowed to clot
ai 4 °C for several houks. Following centrifugation, serum from each
sample was collected and stored at -28 °C. At the end of each
experiment, the fish were sacrificed using excess anaesthetic, and the
gonadosomatic index (GSI) of each fish was determined.

The influence of various GnRH peptides on serum GH levels was
studied in Experiment 1. This experiment was conducted in late April
using postovulatory females (GSI=2.3 t 0.5) held at 18 °C. Groups of
fish (n=8/group) received ip injections of either saline or 0.1 ug/g of
sGnRH, sGnRH-A, mGnRH, or mGnRH-A. Blood samples were taken at 3 and 9
hours post-injection.

The effects of different dosages of mGnRH-A on serum GH levels

’
-

were studied in Experiment 2. This experiment was done in late March
using females witﬁ maﬁure (preovulatory) gon;dg/;g;¥2¥1%8 t+ 0.6) held at )
12 °C., Four groups of fish (n=8/group) received anvip injection of
either saline or one of three doses of mGnRH-A: Q;OO;;‘0.0l or Oil ug/g.
Blood samples were taken qt 3, 6 and<24 hours aﬁtef injection.
quadotropihilevels in serum samples from this experiment have been
published elsewhere [sokolowska et al., 1985J.

The iqflhencg of vgrioﬁs déges of pimozide on the mGnRH-A-intluced

&

elevation in serum GH levp1§ was studied in Experiment 3. This

-
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experiment was done in late February using female goldfish in late
stages of ovarian recrudescence (GSI= 10.8 t 0.4) held at 12 °C. Groups

of fish received an ip injection of either vehicle or one of three doses

-~

of pimozide (0.1, 1 )or 10 ug/g) followed 3 hours later by an ip

injection of sali r mGnRH-A\&O.l ug/g). Blood samples were taken at

3, 6, 24 and 48 hours after the Second injection. Serum GTH levels from
]

fish in this experiment have been published elsgwhere [Sok;lowska et

‘al., 1985].

In Experiment 4, the effect of pimozide on the sGnRH-induced e
increase in serum GH levels in male gol@fish was studied. This
experiment was conducted in February using‘male goldfish (GSI1=3.9 % 0.2)
‘held at 12 °C. Groups of fish (n=8/group) received an ip injectioﬁ of i
either vehicle or pimozide (2.5 ug/g) followed 5 hours later by ip

injection of saline or sGnRH (0.1 ug/g). Blood sampies were taken at 3

and 24 hours after the second injection.

! ]

Growth Hormohe Measurement and Satistical Analysis
' Serum GH levels in Experiments 1, 2 and 3 were determined ucing a
carp GH radioimmunoassay (RIA) previously validated for the measurement

of serum GH levels in the goldfish [Cook et al., 1983]. GH levels in

serum samples from Experiment 4 were analyzed using the newly developed

)

R

carp GH RIA described in Appendix 1. Serum GH data were normalized usir‘
a 1ogarithm1c tranformation;dand GH levels in experimental groups were
« compared to the GH level in the corresponding control group using

Student's t-test [Snedecor and Cochran, 1980]. . m
3

’



77

4

4.3 RESULTS

Experiment 1

At 3 hours post-injection, the groups of goldfish receiving sGnRH,
mGnRH or mGnRH-A had higher serum GH levels than the saline-injected
controls (Ffgure 4.1). At 9 hours post-injection, serum GH levels were
similar in the saline—‘and sGnRH-injected groups; however, -serum GH
levels in the groups injected with mGnRH, mGnRH-A or sGnRH-A were
significantly higher than in the saline control group.

The serum.GH levels in the saline-injected group in Experimeﬁt.I
were higher compared to saline:injected groups in the other experiments
(Figure 4.1). This is likely due to the fact Experiment 1 was conducted

‘at 18 °C, whereas the other experiments were done at 12 °C; increased
water Eemper;ture has been shown previously to result in elevated serum

GH levels in the goldfish [Marchant et al., 1986]. -/

4

Experiment 2

At % hburé post—injecéion, each of the groups of fi}h receiving an
injection of MGnRH-A had signficantly h;gher serum GH levels compared to
_the paline-injected group (Figure 4.2). Bt 6 and 24 hours-after
injection, serum GH levels in the groups injected with 0.001 or V.01
ug/g MGNRE-A were not different (from the levels in saliné;injected
cqntrois; the serum GH levels in the groué re;eiving 0.1 ug/g of mGnRH-A
were significantly Qigber than the control group at both'6 aﬁd-ZA_hours

after injection. . “ ,
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Experiment 3
In this experiment, female goldfish receiving an injiFtion of

vehicie followed 3 hours later by an iniection of 'mGnRH-A (0.1 ug/g9) had
significantly higher serum\GH levels compared to the .
vehicle+saline-injected control group at 3, 6 and 24 hours after the
second injection (Table 4.1). Injection of 0.1, 1 or 10 ug/g of the ]
dopamine antagonist pimozide 3 hours prior to an injection of saline did-
-not alter serum GH lgvel?jat 3, 6 or 48 hours-after the second
injection, compared to the group cheiving vghicle+saline (Table 4.1).

’ ‘ ~ .
At 24 hotrs after thg secon® injection, the gf;hp/ﬂééeiving the highest
dose of pimozide (10 ug/g) had a significamtly elevatéd serum GH level
compared to the control group; however, serum GH levels in the groups

receiving the lower doses of pimozide prior to a saline injection had

serum GH levels similar .-to the vehicle+saline control, group.

In group5‘receiving an injection of pimozide followed three hours

later by an injectidﬁ of 0.1 ug/g mGnRH-A, serum GH levels were

v . h -~

significantly higher at the 3 and 6 hour sample times compared to the
group receiving a @orresponding dose of pimozide followed by saline. At
the 24 hour sample time, groups receiving the 0.1 ug/g or 1 ug/g of

pimozide followed three hours iéter by mGnRH-A had significantly higher
serum GH‘levels compared. to the group receiving a corresponding dose of

~

in the grbup receiving 10

pimozide+saline. Serum GH levels at 24 h
ug/g of pimozide+mGnRH-A were not significantdy difterent from_sed‘h GH

levels in the group injected with 1 ug/é pimdzide+saline. At 48 hours

s receiving a

-

after the second injection, serum GH, levels in\the g

0.1 8g/g or 1 ug/qg dose of pimozide followed by mGnRH-A were still

significantly elevated cqmpared to the groups receiving corresponding
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dosages of pimozide+saline.

With two exceptions, serum GH levels in the groups receiving the
combinations of pimozide+mGnRH-A yere similar to the serum GH levels in
the group receiving vehicle+mGnRH-A. In the-group injected with 10‘ug/g
pimozide followeq by mGnRH-A, serum GH-levels Qere significantly lower
than in the group réﬁeiving vehicle+mGnRH-A at 6 hours after the éecond
injection. In the group receiviﬁgio.l ug/g pimozidé+ﬁGnRH—A, serum GH
levels were also significantly lower than the vehicle+mGnRH-A-injected -

group at the 24 hour sample time.

- -

Experiment 4 )
periment & . <

Male goldfish receiving an injection of vehicle followed 3 hburs

) - N
later by an inYjection of sGnRH (0.1 ug/g) had significantly higher serum

GH levels at 3 hours after the second injection compared to the control
. ) :

group receiving vehicle+saline injections (Figure 4.3). There were no- [ ]
. . L4

significant differences in the serum GH levels of the pimozide+séline

«

and the vehicietsaline groups at the 3 hour sample. The

pimoiide+sén3ﬁ—injected group had Serum GH levels similar to that of the
group receiving vehicle+sGnRH; the serum GH levels in the pimozide+sGnRH
group were significantly higher than'in the pimozide+saline group. At 24

hours following the second injection, -serum GH levels were Similar in

-~
.

all four groups.



4.4 DISCUSSION
¥

i
Although the stimulation of GTH secretion by GnRH is well

documented in goldfish and other teleost species (see Introduction), the
L4 N -

-present report and a preliminary study by Chang g& al., [1982] are the

first to examine the influence of GnRH on circulating GH levels in a

e ¢ . : .
lower v irate. Previously, there have Peen several {eportsrof mGnRH

s

stims}ating GH in release in humans with various clinical disorders:
mgnRH has been rgported to elevate circulating GH levels in some

patients with acromegaly [Rubin et al., 1973; Cantalamessa et al.,

-

1976], Klg?efelter's syndrome [Dickerman et al., 1981], isolated GTH

"@@ficiency [Kasagi et al., 1976], schizophrenia [Gil-Ad-et al,, 1981],

~ . ) -

depression [Brambilla et al., 1978; Amsterdam et al., 1982], and heroin
- .~ .

addiction [Brambilla et al., 1950]. mGnRH has also been reported to
elevate plasnwplewfls ofIGH in hypophysectomized rats be?ring an eétopic
bituitary [Panerai et gl.,11976], and to increase GH secretion Lﬁ vitro
from rat hemipituitaries treated witﬁ‘enkephalin [May et al., £979].

More recently, Badger et al. [1987] reported that mGnRﬁ.stimulated GH

»
P

‘§ec;étion from dispersed perifused rat pituitary cells wigh a potency
. * ) . )
similar to that of mammalian GRR, although the magnitude \Qf the GH
« ,

~

response to‘mGnRH_was 60.% of that elicited by GRF, Thus, there is &

’

-

pyecedent for GnRH-stimulation of GH release in vertebtates; although’

1

additional studies in lower vertebrates are required before the

L
evolutionary significance of this is known. .

. \ ( .

‘Previous studies in the goldfish [Peter et al., 1985] have shown

s

that mGnRH-A and SGnRH-A are more active than®sGnRH in elevating serum

2



81

GTH levels, whereas mGnRH and sGnRH appear to have a similar influence
on serum GTH levels. In Experiment 1, serum GH levels were elevated
following adminjstration of a 0.1 ug/g dosage of all four of these GnRH
peptides. However, the influence of sSGnRH appears to be shorter lasting
than the other three peptides; elevated serum GH levels were observed at
oﬁly three hours following injection of SGNRH whereas mGNRH, MGnRH-A,

o)

following

and sGnRH-A stimulated increased levels for up to 9 hours. In

4, elevated circulating GH levels were obse;véd at “three hourg
Y

injection of sGnRH in male goldfish. .kn Exﬁg}imehts 2 andig,-é similar
dosage of mGnRH-A cauéed increased circulating GH ieyels for up to 24
hours. zhgse resglts suggest that the various analogs of’ GnRH ({uGnRH-A
and sGnfH-A), as well as mGnRH may be more active”thaﬁ‘the native
teleost peptide, sGnRH, in inﬁ&uencing serum GH levéls an Ehé goldfish.
Results of Experimenf 3 suggest that mGnRH-A elevates serum GH
ievels in a dose-dependent manner. At 3 hours after injéction, all three
50§e§ of mGnRH-A significantly increased circulating GH levels, with fhe
larger dosage (O.I‘ug/g) being more effective that the two lower dosages
(0.001 and 0.01 ug/g). Comparison of these results with serum levels'of
GTH measured in the same fish [GTH data puSliShed in Table 2a,
Sokolowska et al., 1985], reveals some differences. The do;e—related
r;sponse in GTH levels_to mGnRH-A is much clearer, a theIGTH response

»

to the lower doses of mMGnRH-A occurs over a longer pgriod of time.
) . ) & .
. Severdl studies have provided strong evidence that dopamine

furctions as a GTH release-inhibitory factor in teleosts [Peter et al.,
; . N T

1986]. Removal of the dopamine inhibitfon by injection of

phqrmacological,agents which disrupt catecholamine synthesis or storage,

0

or sﬁecific dopamine receptor antagonists such as pimozide have been



shown to block the inhibitory actions of dopamine and to potentiate

<

GnRH-induced GTH release [Peter et al., 1986]. For example, at 6 hours

post-injection_in Experiment 3, gadministration of the 10 ug/g dose of

pimozide followed 3 hours later.by injectiogp of mGaRH-A (0.1 yg7g)

-

resulted in a serum level of GTH approximately 6 times"higher than the
level measured in fish injected with mGnRH-A alone: 238175 versus 4018

ng GTH/ml serum, respectively [GTH data published in Table la,
o B ) '
%).lowska et al., 1985]. This potentiation by pimozide was not*ob‘served .

N

when serum GH levels were measured in the same fish; on the contrary,

there was a slight but significant decrease in serum GH leveis at the 6
hour sample time in the group receiving both mGnRH-A and pimozide

compared to the group injected with mGnRH-A only'(}able 4.1). The lack e

-

of potentiation of the actions of GnRH by pimozide on serum GH levels
. w

2 ¢

was also confirmed in Expérime‘f 4 using maae.goldfish; at the 3 hour+*

sampling time, serum GH leQels‘;ere similar'%n the groups receivéng’ _

sénRH alone or il combination with pimozide. | : o
A major differehce in the neuroendocrine regulation of GH ahd GTH

is suggesﬁed ﬂy the»figding thét_éimozide, a dopamine antagonist, doés e

not influence the GnRH-induced elévafion of serum GH levels. Although

dopamine acts as a GTH release-inhibitor in teléoéts~[Peter-g£ 31.5  v

19861, a study in the goldfish [Chang et al.,.1985] provided evide
~ ..

suggesting th?t dépamine stimulatés GH ielgase, posslbl??gy acting*
" within thé.hypothalamus to inhibit ;;métostqfin’reléase.‘P;e#ioug
studies have shown tha;»somAtostéiin;';Jgeptideléfigipa;ly<isolated £r'bm
- the mammalian hypothalamus [Vale gﬁ al.; 19771, inhibits GH release in
vive {Cook andl?éter, 1984] and'ig vitro [Chapter 2] n' the goldfish, .
suppc;ri:ing the hyﬁothes-is théft somatostatin functibns as a GH L. |
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~ release-inhibitory factor in teleosts. Therefore, the release-inhibitory

chtors regulating GH and'GTH Becretidn\in the goldfish appear to .be
- 4

separate and distinct. However, the present results indicate tHat the

regulation of GH and GTH secretion in tﬂ% goldfish may occur, at least

in part, through  common hypothalamic hypophysiotropic factor, GnRH.\
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Figure 4.1. Influence of ip injection of 0.} ug/g of sGnRH, sGnRH-A,
mCnRH or mGnRH-A on serum GH levels (mean t SEM) at 3 and 9 hours .
following injection in female goldfish held at 18 °C (* p=0.07; **
p<{.05 vs saline-injected group).
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5. INFLUENCE OF GONADOTROPIN-RELEASING HORMQNE ON THE SECRETIQN’OF

“ .
& GROWTH HORMONE FROM FRAGMENTS OF THE GOLDFISH PITUTARY IN VITRO:

COMPARISON TO GONADOTROPIN SECRETION .

4

5.1 INTRODUCTION

)
v

Gonadotropin-releasing hormone‘(GnRH) has geén shoﬁn to stimulate
the release of gonadétropin (GTH) from the goldfish pituitary in vitro
[Chang et al., 1984; MacKenzie et al., 1984]. This demonstrates that
GnRH acts directly at the level of the bituitary to alter GTH secretion
in the goldfish. Systemic administration of va;;;ﬁs GnRH molecules were
found to eievate circulating growth hormone (GH) levels in the goldfish
[Chapter 4], suggesting that GnRH may also influence GH -secretion.in
this species. However, whether this action of GnRH is dbe to a direct
gffect on GH secretion from the pituitary is not known. Therefore, in
the present study, the influence of GnRH on GH secretidh frqgm the

goldfish pituitary ig vitro was examined using perifused pituitary

fragments, and compared to the influence of GnRH on GTHlsecretion.
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5.2 MATERIALS AND METHODS

Experimental Animals

Goldfish'(common or comet varieties),were purchased commercially
/QN) or Ozark Fisheries

from Grquyfofks Fisheries (Martinsville,
(Stoutland, MO). The fish were maintained on a photoperiod of 16 hours
light:8 hours dark in flow-through aquaria at 17 °C, and were acclimated
to labon%o?y" conditions for a minimum of two weeks prior to use in the
experiments. The fish were fed to satiation twice daily with ,
commerciglly prepared fish food (Clark's New Agg Fish Feed Pellets,
Moore-Clark Co., LaConner,‘WA). The goldfish used in the present study
were sexually regressed (gonadosomatic index (GSI) < O.lt), and a
mixture of male and female fish were used in each experiment.

)

Pituitary Perifusion System

Experiments were conducted using the perifusion system previously
developed for examining the release of GH [Chapter 2] and GTH [Chang et
al., 1984; MacKenzie et al., 1984] from goldfish pituitary fragments.

Pituitaries were collected and the pars distalis was diced into

‘ X
fragments (< 0.5 mm?) using procedures described previously [Chaptzr 2].

Fragments of the pars distalis equivalent to 3 pituitaries were pléced

betwsen two 0.1 ml layers of Cytodex carrier beads (Pharmacja, Dorval,.

<

A '
Que.) in 0.3 ml perifusion chambers. The fragments were perifused

) overnight at a flow rate Qf 5 ml/hour with Medium 199 containing Hank's

<

basic salts (Gibco Laboratories, Grand Island, NY) and supplemented Hlthv

2s‘mn HEPES bhuffer and Nystatin (56 U/ml). Followimrg the overnight

&
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- response to GnRH was studied in Experiments 1, 2 and 3. In Experimentyl,

93

-

incubation period, the &edium was changed to Hank's basic salt; solution
(HBSS) supplemented with 25 mM HEPES and 0.1% bovine serum albumin, with
a flow rate of 15 ml/hour; the fragments Qére allowed to equilibrate for
two hours prior to the start.of the expefiment. Hormone secretron’from
the fragments reached basal levels duriﬁg the qu&libration periods, and
remained relatively constant in the absence of stimulation throughout
the experimental period. During the experiments, five minute (1.25 ml)
fractions of the medium were collected using an autoﬁatic fraction
collecto;;'fractions from six separate perifusion co%umn; could be

collected simultaneously. The fractions of perifusate were stored frozen

at -25 °C prior to _hormone measurement.,

Experimental Protocols

The influence of prior exposure to GnRH on the subsequent hormone
fragments in a total of 6 perifusion columns were exposed répeatedly to
a single concentration (50 nM) of either salﬁon GnRH (sSGnRH; n=3
columns) or the analog [D-Arg¢,Pro’NEt]-sGnRH (sGnRH-A; n=3 columns).
The peptide solutions were adﬁlnistered ;s three 2 minufe pulses
separated by 58 minute intervals. In'Experiment 2, fragments in a total
of 6 perifusion columns were exposed éo a 2 minute pulse of 50 nM sGnRH,
followed 58 minutes later by exfosure to either 10 nM‘squH {n=3 .
columns) or 10 nM sGnRH-A (n=3 columns) for 20 minutes; 68 minutes after

the 20 minute éxposure to SGnRH or anRh-A, the fragments in all columns

were exposed to a 2 minute pulse of 50 nM sGnRH. In Experiment 3, the

influence of threé concentrations (1, 10 and 100 nM) of sGnRH on hormone

release was studied. Fragiéhts in individual pefitusion columns were
- . . N ‘ .

a

o
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-
exposed sequentially to 2 minute pulses of each concentration of sGnRH
administered at 58 pinute intervals. In three columns, the fragments
were exposed to the anRH golutions sequentially from the lowest to the
highest concentration (ascending order), whereas iﬂ,three other columﬁs,
the sGnRH solutions were administered ‘seq&ntially" from the highest to
the lowes£ concentration (descending order). .

~

In Experiment ¢, the influence of sGnRH ranging in concentration

from 0.01 to 1000 nM on hormone release was studied. In this experiment,

N .
fragments were exposed to 2 minute pulies of increasing concentrations

v

of SGnRH at 58 minute intervals. Fragments in 9 columns were exposed to
. - . ,
the following order of sGnRH doses: .0.01, 0.1, 0.5,‘1, 5, 10 and 100 nM.
Frééments in an additional-7 columns were ekposed sequentiaily to the
follo&ing concentratiéns of sGnRH: 0.25, 2.5, 25, 250 and 1000 nM.

In ﬁxperiment 5, the ipfluence of bituitafy hormone
release-inhibitory factors on sGnRH-induced hormone release was studied.
Fragments were exposed to two 2 minutg pulses of 50 nM sGnRH.at a-SBA
minute interval. Thirty-eight minutes after thg second pulse.of sGnRH,
the fragments were exposed for 35 minutes to 50 nM of either
somafostatin—14 (SRIF—ldzlor the dopamine agonist apomorphine. During
exposure tc SRIF-14 or apomorphine, the fragments were also exposed to a
2 minute pulse of 50 nM sGnRH. A 2 minute pulse of 50 nM anRﬁ was also
;dminiftered to the‘fragments 40 minutes after exposure to SRIF-14 or

L 3
apomorphine.

\

Peptide Solutions

X

Synthetic sGnRH and SGnRH-A were generously provided by W.W. Vale

pebi
.and J.E. Rivier (The Clayton Foundation Laboratories for Peptide
v * ) . / .

—J

v
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Biology, The Salk Institute, San'Diego,’CA 92037). Synthetie SRIF-14 end
apomorphine were purchased ﬁrom Sigma Cgemical Co.v(St. Louis, MOS. The
test substances were dissolved in HBES and were administered directly
into the perifusion chambers from a separate reservoir'connecteddto the
chambers b; a 3-way valve. Several concentrations of the test solutions
were made immediately prior to each experiment, and kept at 4 °C ungil

administration, at which time the temperature of the solution was

allowed to equilibrate to 17 °C.

Hormone Measurements

. @ .
The GH content of each fraction of perifusate was determined.using

ks

‘a carp GH radioimmunoassay (R [Appendix 1]. The GTH level in each
fraction was. determined using a carp GTH RIA [Peter et-al., 1984].

both assays, binding' inhibition curves from serial dilutions of samplées
3 E)

of the perifusate are parallel to the standard curve, suggesting that

the RIAs are suitabple for measuring GH and GTH released from the g}

goldfish pituitary in vitro.
. ‘:“_‘ -

Data Analysis

In Experiments 1, 2, 3 and 4, the amounts of GH and GTH in

L]
—

fractions collected following exposure to the GnRH solutions were
expressed as a pereentage .of the average hormone levels in the three
fractions (15 miputes) immediately precedxng exposure to each GnRH
solutxo"rhls transformation to % of prepulse levels allowed \data trom -
several gerifusion‘columns to be combined for graphic presentation. Iny

jExperlments 1, 3 and 4, the hormone response to each 2 minute pulse of -

anRH or SGnRH-A was quantitied by determining the average hormone level

-
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over the 25 minute period immediately following each pulse, and
expressing this level as a percentage of the average hormone level over
the 15 minute period immediately preceding each pulse.

In Experiment 1, differences in the rate of hormone secretion
induced by the three pulses of 50 nM sGnRH or sGnRH-A were compared by
’
analysis of variance (p<0.05) followed\by Duncan's multiple range test
(p<0.05) [Steel and Togrie, 1960). In Experiment 3, differences between
the rate of hormone secretion induced by each dose of sGnRH administered

in either ascending or descending order were compared by analysis of
variance (p<0.05). Following quantification of the hormone responses to
the various concerqtrations of sGnRH in Experiment 4, data from a total

of 16 columns were combined, and the dose-response curves and parameters

were analyzed using the ALLFIT compiter program [De Lean et al., 1978].
an et a2
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5.3 RESULTS ¢

Exposure of pituitary fragments to three 2 minute pulses of 50 nM
sGnRH at 58 minute intervals (Experiment 1) resulted in the rapid
stimulation of both GH and GTH secretion (Figuge 5.1). The rate of GH
and GTH secretion over the 25 minute period immediately following
exposure to SGnRH was similar for all three pulses of sGnRH (Figure
5.1). Exposure of fragments to 50 nM sGnRH-A also resulted in the rapid
stimulation of the secretion of both GH and GTH (Figure 5.2). The
magnitude of the hormone responses to the first pulse of sGnRH-A was
significantly greater than the responses caused by the first pulse of:
sGnRH. Elevated hormone segretion rates fbllowing exposure to the first
pulse of sGnRH-A usually lasted for a longer period of time than that
caused- by the first pulse of sGnRH. The secretion rates of both GH and
GTH (Figure 5.2) were similar after exposure to the second and third
pulses of sGnRH-A, but were significantly reduced compared to the
responses caused by the first pulse of sGnRH-A.

- In Experiment 2, the amount of GH and GTH in fractions collected
following the!‘Fministration of 2 minute pulses of 50 nM sSGnRH were
similar before and after exposure of the fragments to 10 nM sGnRH for 20
minutes (Figure 5.3). However, exposure of fragments to 10 nM sGnRH-A
for 20 minutes reduced-the secretion of GH and GTH in response to a
subsequent 2 minute pulse of 50 nM sGnRH (FPigure 5.3). In addition, GH
and GTH secretion remained elevated following exposure of the fragments

|

to 10 nM sGnNRH-A for a longer period of time than following exposure to

10 nM sGnRH for 20 minutes.

N
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In Experiment 3, administration of 2 minute pulses of three doses

of sGnRH in aséending order of magnitude, resulted in the dose~dep?nq€3t
secretion of both GH and GTH (Fiqure 5.#). The GH and ETH secretéén
rates following admin}stration of the three concentrations of sGnRH in
descending order of magnitude were similar to the hormone responses
elicited by the saﬁé doses administered in ascending order (Figqre 5.4)l

In Experiment 4, 2 minute pulses of various concentrations of
SGNRH administered sequentially from the lowest to highest dose at 58
minute intervalk also caused dose-dependent increases in GH and GTH
secretion from pituitary fragments (Figure 5.5). In this experiment,
data from several perifusion columns were combined to construct
dose-response curves for the pulses of SGNRH, ranging in concentration
from 0.01 to 1000 nM, for both GH and GTH secretion (Figure 5.6).
Analysis of the curves using the ALLFIT computer program indicates that
the half-maximal effective dose (ED,,) of sGnRH on GH secretion in this
experiment was 2.5 t 1.4 nM (mean t approximate error), whereas the ED,,
for sGnRH on GTH secretion was calculated as 6.5 + 3.7 nM.

In Experiment 5, 2 minute pulses of 50 nM sGnRH resulted in the
stimulation of both GB and GTH secretion from the fragments (Figure
5.7). However, expoSgre of thg fragments to SRIF-14 decreased
unstimulatéd GH secretion and completely blocked sGnRH-induced GH
secretion (Figure 5.7). Subsequent exposure of the fragments to sGnRH
resulted in the stimulation of GH secretion. SRIF-14 was without effect
on GTH“release stimulated by sGnRH. Administration of apomorphine in
conjunction with a 2 minute pulse of sGnRH did not influence GH

secretion induced by sGnRH. In contrast, apomorphine decreased
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unstimulated GTH secretion and completely blocked sGnRH-induced GTH

/\<

secretion (Figure 5.7).
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5.4 DISCUSSION

In a previous study, various GnRH molecu%es, incldﬁing sGnRH and
sGnRH-A, were found to elevate circulating levels of GH in both male and
female goldfish [Chapter 4]. In the present study, sGnRH and sGnRH-A
stimulated the ;elease of GH from perifused Eragments of the goldfish
pars distalis, indicating that the GnRH méleculés act directly at the ‘
level of the pituitary to alter the secretion of 5oth GH ;Pd‘GTH in the
goldfish. Increased GH and GTH levels were observed in the first 5
minute fraction of perifusion medium collected aftegp eprSure of the

2
pituitarty fragments to sGnRH, demonstrating that sGnRH acts rapidly to
alter Gﬁ and GTH secretion. The stimufation of GH and GTH secretion by
sGnRH was also dose-dependept; the ED,, of sGnRH on both GH and GTH
secretion was in the physioloéical nM range.

Evidence from several experiments indicates that prior exposure of
the fragments to sGnRH does. not influence subsequent responses to sSGnRH.
For example, repeated exposure of the frabments to pulses of 50 nM sGnRH
elicited an identical response after, each pulse in terms of GH or GTH
secretion. In énéther experiment, prior exposure of fragments to 10 nM
sGnRH over a 20 minute periqd did not alter the subsequent GH and GTH
responses to a 2 minute pulse of 50 nM sGnRH. Finally, ythe stimulation
of GH and GTH secretion by three doses of sGnRH a@ministered in
ascending order of concentration was similar to fhe responses when the
same cchentrations of SGnRH were administered in descending order of

concentration. Therefore, under the expe&imental conditions of the

present study, prior exposure of the pituitary fragments to sGnRH .did

o
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not alter the subsequent hormone responses to sGnRH. These findings

support the validity of the . experimental protocol used in the present
;tudy to determine the-dose-reponse relationship between sGnRH and GH
and GTH secretion from goldfish pituitary fragments.

sGnRH-A also rapidly stimulated the secretion of GH and GTH
secretion from goldfis pituttary fragments. However, the profiles of
the hormone responsgs to SGARH-A were different thah the redponses to

—

sGnRH. For example, the increases in GH and@H secretion caused by the
first pulse of SGnRH-A in Experiment 1, were greater than the increases ™
in GH and GTH secretion mgasured followin%ﬁeﬁpbsgre to the first pulse
of an equivalent dose of sGnRH. Furthermore, in both Experiments 1 and
2, increased secretion of GH and GTH following exposure to SGnRH-A
occurred over a longer period of time than following a similar exposure
to' sGnRH. These findings suggest that sGnhRE-A may be more act;;e than
the native moleggle in stimulating hormone'secretidh. sGnRH-A has been
shown to be more active than sGnRH in vivo in elevating circulatihg
levels of both GH [Ghapter 4} and GTH [Peter et al., 1985] in the
goldfish. Preliminary results from another in vitro study using goldfish
pituitary fragments also indicate that sGnRH-A is more active than sGnRH

LS :
in stimulating GTH secretion [Peter.et al., 1987], and receptor binding

“ : v
studies have shown that the affinity of sGnRH-A for GnRH receptors in

the goldfish pituitar%’is greatér than the affinity of sSGnRH.[Habibi g}
al., 1987]. - \ ' ' \
In contrast to the results obtained witg.anRH, previouskexposﬁ}e
Sf the fr;gménts to SGnRH-A results in a decrease in the amount of GH
and GTH released following subsequent exposure of the fragments to

either sGnRH or sGnRH-A, suggesting that the pituitary rr;qmentp became
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less respoﬁsive to stimulation by GnRH in this situation. Studies in
mammals”’[Catt et al., 1985] and birds [K%ng et al., 1986] have shown
that, exposure of perifused pituitary cei;s to GnRH r;pidly results in
the desensit;zation of the éonadotrophs to further stimulation 5§ GnRH.
Interestingly, the pituitaries of two species éf frogs (Rana sp.) were ‘
found to be relatively resi§tant to desensitizatioﬁ by GnRH [Pofter and
Licht, 1985], suggesting some variability among vertebrates in this
phenomonon. The finding in the present study that hormog% responses are--
reduced following p;evious exposure to sGnRH-A, but not sGﬁRH, suggests
SGnRH-A desensiti;es the goldfish R}tuitary to further stimulation.
Additienal studies in the goldfish are required to determine if tﬁe
d;sensitization of the pituitary following exposure to sGnRH-A is due to
altératiéns of the GnRH receptors of to a reduction in the amount of
hormone available for release. However, coﬁaarison of the relative>
affinities of anRH and sGnRH-A for GnRH receptors on goldfish pituitary
membranes [Habibi‘gg_gl., 1987] provides the possibility that the
" actions of sGnRH-A observed in tﬁg preseﬁ£ study may be related-:to its
high affinity foE pituitdfy GnRH receptors.
— : .
The time course of stimulation of GH secretion by sGnRH or SGnRH-A

was ‘very similar to the ‘time course of stimulation of GTH secretion; the

A
- N [

_stimulation of GH secretion by SGnRH occurred over approximately -the
same time period as the stimulation of GTH secretiqn, and the pattern of
stimulation of GH secretioﬂ in fragments previously exposed to SGnRH or
SGnRH-A was very similar to that.of GTH. Furthermore, the ED,, of sGnRH
on GH and GTH release were similar: 2.5 t 1.4 and 6.5 t 3.7 nM, |
r¥spectively. These results suggest that the receptor mechanisms for

GnRH stimulation of GH and GTH secretion are similar. However, resultg

. ~
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from Experimént 5 also indicgte that the actions of sGnRH on GH and GTH
secretion-can be separated by the administration of substances
specifically inhibiting GH or GTH secretioﬁ from the goldfish pituitary.
Previous studies in the goquish provided e?idence that SRIF-}
functions as a Gﬁ release—inhib{tory facgor [Cgapters.z and 3], whereas
other studies have shown that dopamine acts as a GTH'release-inhibiEory‘
factor in the goldfish [Peter et al., 1986]. In the present study,
administration of SRIF-14 completely Blocked the. stimulation of GH
secretion by sGnRH, but did not influence sGﬁRH¥induced GTH secretion.
Conversely, in the same fragments, apomorﬁhine, a dopamine agonist,
iﬁhibited GTH sécretion stimulated by sGnRH, but did not influence
anﬁH*induced GH ;ecrétion. This indicates that sSGnRH can stimulate the
release of GH in the absence of GTH stimulation, anduthat GTH
stimulation by sGnRH can occur in the absence of stimulated GH release.
In human;, GnRH has been shown td elevate circulating GH levels in
patients with various clinical disorders [Brambilla et al., 1978, 1980;
Cantelamessa et al., 1976; Dickerman et al., 1981; Gil-Ad et al., 1981;
Kasagi et al., 1976]. It has been suggested that the "nonspecif;c"
release of GH by GnRH [Brambilla et al., 1978; Panerai et ég., 1976] and

the "'derahge‘ anterior pituitary responsiveness" [Bramiblla et al.,

1978, 1980; Dickerman et al., 1981; Panerai et al., 1976] to GnRi

results from an extra-pituitary (presumably hypothalémic) action of GnRH
[Brambilla et al., 1978, 1980; Dickerman et al., 1981} Gil-Ad et al., *
1981; Kasagi et al., 1976; Panerai et al.,.1976]. It has also been
suggested that the influence of GnRH on GH release ti\gy be due to the

presence of “abnormal” receptors on the somatotrophs [Cantelamessa et —-

al., 1976; May et al., 1979; Kasagi et al., 1976]. Recently, it was
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reported iQ aﬁ abstract that mammalian GnRH stimulates GH secretion in
dispersed perifused‘rat piéqitary cells with a potency similar to that -
of mammalian GH-releasing hormone [Baager et al., 1987], indicating that
GnRH y also stimulate GH secretion from normal mammalign pituitary
cell\\ The results of the present study\strongly indicate that GnRH acts
dxrectly at the level of the pi(u1tary in the goldflsh and that the
effects of GnRH on GH and GTH release may be mediated through a similar
receptor response. Therefore, the results of this study may>provide an
‘evolutionary basis for the ";nomolous" stimulétion of GH secretion by
GnRH in mammals. Findings of the present study provide evidence
sugge§ting that the releasé-inhibitory factors requlating GH and GTH
secretion in the goldfish are sepérate and distinct, bﬁt that the

-

secretion of both GH and GTH may be regulated at least in part through a
’ ‘

common hypothalamo—hypophysefl releasing factor, GnRH.

W,
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Figure 5.1. Influence of exposure to three two minute pulses (black
bars) of 50 nM sGnRH on the secretion of GH (left panels) and GTH (right
panels) from perifused goldfish pituitary fragments. The“average hormone
levels in- fractlons from three separate perifusion columns are
presented, and are expressed as a ¥ of the average hormone levels in the
three fractions immediately preceding each pulse of SGnRH (% of
prepulse). In these thré¥ columns, the average Secretion rate of GH and
GTH over the initial 15 minute period prior to exposure of the ffagments
to the peptide solutions was'42.3 and 13.7 ng/fraction, respectively.
The amounts of GH and GTH secreted over the 25 minute period following
each pulse are shown in the bottom panels (mean t+ SEM, n=3 columns), and
are expressed as a % of the average amounts of hormohe secreted during
the 15 minute period preceding each pulse (% of prepulse).
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Figure 5.2. Influence of exposure to three two minute pulses (black
bars) of 50 nM sGnRH-A on the secretion of GH (left panels) and and GTH
(right panels) from perifused goldfish pituitary fragments. See Figure
5.1 legend for further details regarding the presentation of the data.
In these three columns, the average secretion rate of GH and GTH over
the initial 15 minute period prior to exposure of the fragments to thé
peptide solutions was 30.6 and 13.1 ng/fraction, respectively. .
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(bottom panels) for 20 minutes (horizontal bars) on the subsequent
stimulation by a two miRute pulse of 50 nM sGnRH (vertical bars) of GH
(left panels) and GTH (right panels) from perifused goldfish pituitary
fragments. In each panel, the average hormone levels from three separate
perifusion columns are presented, and are expressed as % of the average
hormone levels in the 3 fractions immed;ately preceding exposure to each
of the peptlde solutions. In the six coluﬁns, the average secretion rate
of GH and GTH over the initial 15 minute peribd prior to exposure of the
fragments to the peptide solutions was 41.2 and 55.7 ng/fraction,
respectlvely. , :
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Influence of exposure to 10 nM sGnRH (top panels)°or sGnRH-A
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Figure 5.4. Influence of exposure to two minute pulses of three
concentrations of SGnRH on the secretion of GH and GTH from perifused
goldfish pituitary fragments. The three doses of SGnRH were administered
at 60 minute interva)s in either ascending order of increasing
concentration (open bars) or desceénding order of concentration (hatched
bars). The amounts of GH and GTH secreted during the 25 minute period
folldwing each dose of sGnRH are expressed as a % of the amount of each
hormone secreted over the 15 minute period preceding each pulse (% of
prepulse). The values represent mean t SEM from three separate
perifusion columns. In’ these columns, the average secretion rate of GH -
and GTH over the initial 15 minute period prior to exposure of the
fragments to the peptide solutions was 44. 5 and '15.8 ng/tractxon,

respectively. ’
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Figure 5.5. Representative profiles of GH (top panel) and GTH (bottom
panel) levels in fractions collected following exposure of goldfish
pituitary fragments to two minute pulses (black bars) of various
concentrations of sGnRH at 60 minute intervals. Average hormone levels
in fraction ns from ¢ separate perifusion columns are presented, and are
expressed as a &% of average hormone levels in the three fractions .
immediately preceding each pulse (% of prepulse). In these &4 columns,
the average secretion rate of GH and GTH over the initial 15 minute
period prior to exposure of the fragments to the peptide solutions was
31 6 and 32.1 ng/fraction, respectively. ' :
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Figure 5.6. Dose response curves for sGnRH on the sti t#on of GH (top
panel) and GTH (bottom panel) secretion from perifused gcﬂdfish
pituitary fragments. The curves were determined by exposihg perifused
pituitary fragments to 2 minute pulses of various concentrations of
sGnRH, and were analyzed using the ALLFIT computer program (see
Materials Zhd Methods for a detailed decription). Values are represented
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6. THE INFLUENCE OF AN ANALOG OF MAMMALIAN GONADOTROPIN-RELEASING

. L
HORMONE ON THE RATE OF BODY GROWTH IN GOLDFISH

6.1 INTRODUCTION 4

In vivo [Chapter 4].and in vitro [Chapter 5] experiment§ suggest
that gonadotropin (GTH)Lreleasini hormone (GnRH) functions as'a groyth
ﬁormoné (GH)-releasing factor in the goldfish. For example,
intraperitoneal (ip) injection of the analog [D-Ala;,Pro’NEt]—mammalian
GNRH (mGnRH-A) elevates serum GH lgvels for up to 24 hours following
injection in female goldfish (Table S.I).'brevious studies in the
golgfish have related increased serum GH levels to increased rates o§
body growth [Cook and Peter, 1983; Marchantkand Peter, 1956; Marchant et
al., 1986], and it is hypothesized that the GnRH-induced increase in
serum GH levels is also sufficient to increase the rate of body growth
in the goldfish. This possibility was examined in the present study by
measuring the rate of body growth in goldfish receiving repeated ip N

injections of mGnRH-A.

}15
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6.2 MATERIALS AND METHODS

P

Experimental Animals

Goldfish of the common or comet varieties were purchased from
Ozark Fisheries (Stoutland, MO). On arrival, the goldfish were placed in
96 L flow-through aquaria and maintained on a photoperiod of 16 hours .
light:8 hours dark (16L:8D) at a water temperature of 14 2 1 oC. The
goldfish were allowea to accliéate to laboratory conditions for a
minimum of four weeks prior to the experiments. For each experiment,
fish were fin—ciipped for individual identification, and fish in the
treatment groups Qere divided between two 96 L aquaria. The fish were
allowed.to acclimate for an additional five day period atoléL:BD and 14
°C. During the acclimation and experimental periods, the fish were fed
to satiation twice daily with commercially'p{epared fish food (Clark's
New Age Fish Feed Pelléfs,'Moore-Clark Co., LaConner WA). Food was

withheld on the mornings of treatment in the experiment. Prior to

handling, the fish were lightly anaesthetized in 0.05% tricaine

methanesulphonate. , ,

Experimental Protocols

Synthetic mGnRH-A was purchased commercially (Syndel Laboratories,
Vancouver, B.C.), and dissolved in saline (0.6 % NaCl) supplemented with
Penicillin G (260 U/ml). mGnRH-A was injected ip at doseé expfessed as
ug MGNRH-A/g body weighti(injeCtion volume = 5 ul/g). Control animals

!
were injected with an equivalent volume of saline.
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In experiment 1, the influence of two doses of mGnRH-A/on the rate

[

of body growth in female goldfish was examined: Three groups of fish
received a total of 5 injections of either saline, 0.0l ug/g mGnRH-A, or
0.1 ug/g mGnRH-A at three day intervals. On the day of the first
injection (Day 0), the weight of each fish was measured to the nearest
decigram following gentle blotting on damp paper towellihg to remove °

excess surface water. The body length of each fish on Day O was measured
from the tip of the snout to the end of the cauéal peduncle using
calipers accurate to the nearest decimillimeter. The average weight and
length on Day O of the fish used‘in Experiment 1 was 5.52 % 0.09 g and
5.21 + 0.03 cm (mean * SEM; n=27), respectively. At the end of the
experiment (Day 16), the final body weight and length of each fish was
measured, the fish sacrificed by spinal transection, and the weight of
the gonad from each fish determined.

In experiment 2, three groups of female goldfish received a total
af 6 injections of either saline, 0.0l ug/g mGnRH-A or 0.1 ﬁé/g mGnRH-A
at 5 day intervals. The bedy weight and length was determined at the
start (Day 0) and the ené (Day 30) of the experimeet using procedures
similar to those described for Experiment'l. The average body weight and
length of the fish on Day 0O Qas 7.78 £ 0.18 g and 5.67 ¢+ 0.05 cm (mean t
SEM, n=30), respectively. Gonad weights were measured following )
sacrifice on Day 30. | ' |

In Experiment 3, th:'influence of rabbit antisera generafed
against carp GTH [Peter et al., 1984] and carp GH [Appendix 1] on’
mGnRH-A-induced growth was examined using male goldfish. Six groups of

goldfish received a total of 4 injections at five day intervals of

either saline or mGnRH-A (0.l ug/g) concurrently with ip injections (25

1
A%
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ul/fish)‘qf either normal rabbit serum (NRS), rabbitf%nti—carp GTH serum
(}acGTH), or rabbit anti-carp GH serum (racGHi. The body weight and
length of each fish at the start (Day 0) and end (Day 20) of Experiment
3 was measured as described for Experiment 1. The average body weight
and length of the fish on Day O was 7.73 t 0.2 g and 5.88 + 0.05 cm
(mean t SEM, n=48), respectively. The weight of the gonad from each fish

was measured followiﬁg sacrifice on Day 20.

Data Analysis

The growth rate of ind;yiduél fish in each experiment was
calculated és the % increase in body weight and length over the
experimental period. Growth rate data were normali;ed using a
logarithmic transformation, and differences in growth rates between
groups were analyzed using Student'sst-test {Snedecor and Cochran,
1980]. Gonadal weights were calculated as % of body weight '

(gonadosomatic index, GSI).
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6.3 RESULTS

In Experiment 1, the increase in bodyAlength over the 16 day
period was significantly greater in fish receiving 0.1 ug/g mGnRH-A
compared to the control group receiving saline (Figure 6.1). All groups
displayed similar increases in body weight over the experimental period

a
(Figure 6.1); the GSI was also similar in all three groups (Figure 6.1).

In Experiment 2, the groubs of fish receiving either dose of
mGnRﬁ-A (0.01 or 0.1 ug/g) had significantly greater increases in body .
length over the 30 day experimental period than the group‘receiving
saiine (Figure 6.2). The increases in body weight over the experimental
period and the GSI values were similar in all three groups in Experiment
2 (Figure 6.2).

- In Experiment 3, the groups of male fish receiving mGnRH-A (0.1l
ug/g) in combination with either NRS or raéGH dis%layed significantly
greater increases in body length over the 20 day experimental period
compafed to the corresponding control groups receiving salipe in
combination with either NRS or racGH (Table 6.1); the increase in body

—~

length in the group receiving mGnRH-A plus racGTH also tended to be
higher than in the group receiving saline plus racGTH (p=0.08; Table
6.1). The increase in body length was similar in all three groups
receiving saline during the‘experimental period. The group receiving
mGnRH-A plus racGTH had an increase in body length similar £6 that of
th; group injected with mGnRH-A plus NRS,'whereas‘the group receiving
mGnRH-A pius racGH displayed an increase in body length that tendea

(p=0.10) to be lower than that of fish receiving mGnRH-A plug NRS (Table

‘\
-
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)

6.1). The % increase in body weight over the experimental period and the

GSI values were_simila% in all groups in'Experiment 3 (Table 6.1).
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6.4 DISCUSSION/

In the present study, repeated ip injection of mGnRH-A at 3 or 5
day intervals stimulated body growth in both femaleé and male goldfish,
as indicated by increases in body length following treatment with
mGNRH-A. In Experiment 1, only the highest dose of mGnRH-A (0.1 ug/g)
was effective in increasing body length over the 16 day treatment
period, although a lower dose of mGnRH-A (0.0l ug/g) also increased body .

“length over a 30 day treatment period (Experimeﬁk 2). In all
experiments, the increase in body length following mGnRH-A treatment was
independent of cganges in total pody or gonadal weights.

In Experiment 3, injection of an antiserum against carp GH
concurrently with the injgction§ of mGnRH-A partially blocked the growth
response to mGnRH-A in male goldfish; ihjection of this antiserum.at a
dose of 50 ul/fish has been sh;wn previously to supp;ess normal growth
in female goldfish [Appendix 1]. Notably, in-the same experiment,

B Pk )
concurrent injection of antiserum against carp GTH did not’ influ;hcéﬁthe
mGnRH—A—induced.increase in body length. These results indicate that
body growth induced by mGnRH-A in the goldfish is at least partially
dependent on circﬁlating GH levels. Pneviously} a single ip injection of
mGnRH:e\(O.l ug/g).was found to gtimulate a two-fold increase in serum
GH levels for up to 24 hours following injection [Chapter 4]. The
>present study provides evidence that increases in serum\GH levels

“induced by mGnRH-A are sufficient to stimulate growth in the goldfish. _

‘The present study is the first to demonstrate increased body

growth in a teleost species fqllowing administration of a hypothalamic
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peptide st;mulating endbgenous GH secretion. Although there has been
considerable interest in the use and potential aquacultural applications
of exogenously administered GH as a growth promoter in a variety of
teleost species [Donaldson et al., 1979], only a .few studies [Ccook and
Peter, 1983; Pickford gi al., 1981] have measured body growth in
teleosts following alterations to neuorendocrine mechanisms regulating
' endogenouS GH levels. However, in other vertebrate species such as
humans [Frohman and Jansson, 1986; Gelato and Merriam, 1586], rats

£
[Clark and Robinson, 1985; Wehrenberg, 1986], transgenic mice [Hammer et
al., 1985] and chickens [Leung et gl.; 1986}, increased body growth has
been achieved with the use of mammalian GH-releasing factor, a
hypothalamic peptide stimulating GH secretion in mammals [Frohman and
Jannson, 1986] and birds [Scanes et al., 1986]. Results of the present
study in goldfish indicate that manipulation of the neuroendocrine

mechanism(s) regulating endogenous GH secretion may also be used

successfully to enhance body growth in teleost fishes.
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Figure 6.1. Increases in body length (top panel) and body weight (middle
panel) in groups of female goldfish receiving four injections, at three
day intervals, of either saline, 0.0l ug/g mGnRH-A or 0.1 ug/g mGnRH-A.
The gonadosomatic -index (GSI) of the three groups measured at the end of
the treatment period (Day 16) are also indicated (bottom panel). All
values are mean * SEM; sample sizes are indicated in the lower panel.
Significant (p<0.05) differences compared to the saline treated group
are indicated by an asterxsk Y
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Figure 6.2. Increases in body length (top panel) and body weight (midd£L
panel) in groups of female goldfish receiving six injections, at five
day intervals, of either saline, 0.0l ug/g mGnRH-A or 0.1 ug/g mGnRH-A.
The gonadosomatic index (GSI) of the three groups meaured at the end of
the treatment périod (Day 30) are also indicated in the lower panel. All
values are mean t SEM; sample sizes are indicated in the lower panel.
Significant (p<0.05) differences compared to the saline treated group

are indicated by an asterisk.
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Table 6.1. Influence of four ip injections, at 5 day intervals, of
normal rabbit serum (NRS), rabbit anti-carp GTH serum (racGTH) or rabbit
anti-carp GH serum (racGH) injected concurrently with saline or mGnRH-A
(0.1 ug/g) on body growth in male goldfish over the 20 day treatment
period. Growth rates are expressed as the % increase in body length or
weight over the treatment period. Gonad weights measured at the end of
the experiment (Day 20) are expressed as % of body weight (gonadosomatic
index; GSI). :

&~
LENGTH WEIGHT

TREATMENT n (% increase) (% increase) GSI
Saline
+ NRS 8 -0.27t0.58: 2.0212.6 2.1020.53
Saline
+ racGTH 8 0.2010.51 6.78:2.5 3.3410.33
Saline R
+ racGH 8 -0.6310.35 2.0421.2 2.1410.47
mGnRH-A
+ NRS 8 1.68+0.32? 6.33x1.7 2.8610.84
mGnRH-A
+ racGTH 8 1.6410.58> 5.73%2.5 3.8710.35
mGnRH-A
+ racGH 8 0.8820.34+ 6.5812.7 2:7720.59

1 All values are mean t SEM.

: p<0.0l1 versus Saline + NRS.

3 p=0.08 versus-Saline + racGTH.
¢+ p<0.0l1 versus Saline + racGH.
5 p=0.10 versus mGnRH-A + NRS.
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7. INFLUENCE OF HUMAN GROWTH HORMONE-RELEASING HORMONE (GHRH) AND A CARP
GHRH-LIKE IMMUNOREACTIVE PEPTIDE ON GROWTH HORMONE SECRETION IN THE

GOLDFISH

7.1 INTRODUCTION

A peptide stimulating growth hormone (GH) secretion from the
mammalian pituitary has been isolated from the hypothalamus of several
mammalian spécies [for review: Frqhman and Jansson, lggﬁi/celato and
Merriam, 1986)]. In most species,-the hypothalamic GH:releasing hormone
(GHRH) is an amidated 44 amino acid peptide, although in the rat, the
GHRH is a no?;imidated 43 amino adid peptide. Mammalian GHRH also
displays other structural variations between species. For example, rat
GHRH displays only 70 % homology with human GHRH. Human GHRH also
appears to exist in two forms: as a 44 residue peptide (hGHRH,_,,), and
as a smaller molecule (hGHRH, . ,,) with a peptide sequence corresponding
to the first 40 residueS of hGHRH, _,,. Recentlf, a 45 amino acid peptide
resembling mammaliap GHRH in structure has been isolated from
hypothalamic extracts of a teleost species, the common carp Cyprinus
carpio [vaughan et al., 19q7; J. Rivier and W. Vale, personal
communication]. The carp GHRH-like immunoreactive peptide \(carp
GHRH-LIP, _,,) was isolated based 6n its immunologic£1 cross reactivity
with an antiserum against rat GHRH, and Sequence analysis has shown that
the carp GHRH-LIP has partial sequence homology to mammalian GHRH
[vaughan et al., 1987]. Two subforms of carp GHRH-LIP,.,, have also been

isolated from n&e carp hypothaIiﬁic extracts: carp GHRH-LIP,_,, and carp

128 >
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GHRH—LIP,-..‘with peptide sequences corresponding to the first 29 and 44
;mino acids, respectively, of carp GHRH-LIP, . ,, (J. RiYier and W. Vale,
pergonal communication).

A large number of studies in a variety of mammalian species, have
demonstrated that mammalian GHRH rapidly stimulates GH secretion in vivo
and in vitro in a potent’ and dose-dependent manner [for review: Frohman
and Jansson,’}986; Gelato and Merriam, 1986]. Mammalian GHRH has also
been shown to stimulate GH release in vivo and in vitro in a variety of
avian species [for review: Scanes et al., 19861, and it is hypothesized
that a molecule very similar in structure to mammalian GHRH partitipates
in the regulation of G7 secretion in birds. In lower vertebrates, the
hypothalamic regulation of GH secretion has not been extensivély
studied, and the possible role of a GHRH-like molecule in the
hypothalamic regulation of GH release in poikilothermic vertebrates is
virtually unstudied. A single report in the goldfish [Peter et al.,
1984] demonstrated that intraperitoneal (ip) injection of hGHRH, _,,
resu%ted in a significant elevation in serum GH levels, and these
authorQ‘suggested that GH secretion in the goldfish may be regulated at
least partialiy through a hypothalamic peptide structurally related to
the human GHRH molecule. Immunoreactive perikarya and nerve fibers have
also been demonstrated in the brain of the codfish (Gadus morhua) in
immunocytochemical studies using antisera against th; human GHRHs [Pan
et al., 1985a; Pan'et al., i98'5b]. However, the influence of mammalian
GHRH on GH secretion in vitro from the pituitary of the goldfish’or
other teléost species has not been reported, and a direct act-ion of the
mammalian i’S!lRH on the teleost pituitary to stimulate GH secretion .

.

remains to be demonstrated. Furthermore, the influence of the GHRH—like[/’
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molecule rébently isoiéted from the carp on GH secretion in a teleost
. species remains unknown. -

The present study examined the influence of hGHRH, _,, and”
hGHRH, _,, on circulating GH levels in the goldfish, and on the secretion
of GH in vitro from fragments of the gold%ish pituitagy gland maintained
in a perifusion system. The effect of the.various foims of carp GHRH-LIP
on GH secretion in vitro was also studied, and compared to the iﬁzluence

of salmon gonadotropin-releasing hormone (sGnRH) [Chapter 5] on GH

secretion.
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7.2 MATERIALS AND METHODS

Experimental Animals ‘

Goldfish (common or comet varieties) were purchased commercially B
(Grassyforks Fishe;ies, Matinsville, IN or Ozark Fisheries, Stoutland,
Md), "and placed in 9¢ L flow-through aquaria. For the in vivo
éxperiments, female goldfish were allowed to aiflimate to 1aborator§
cémditions for a minimum of four weeks prior to the start of the
experiments. Five days before each experiment, the goldfish (20 to 30 g)
were tagged for individual identification and acclimated to a
photoperiod of 16 hours light:8 hours dark (16L:8D) at a water
temperature of either 12 °C (Experiments 1, 2 and 3) or 20 °C

(Experiment 1). For the in vitro experiments, goldfish of mixed sex were

acclimated for a minimum of twé weeks to a photoperiod of 16L:8D and é
water temperature of 17 °C. Throughout the acclimation periods, the fish
were fed to satiation twice daily with commercially prepared fish food
(Clark's New Age Fish Feed Pellets; Mocre-Clark Co., LaConner WA);
during the in vivo experiments, food was withheid on the day of
injection and blood. sampling. Prior to injection, blood sampling or
sacrifice in all experiments, the fish were anaesthetized in 0.05 %

tricaine methanesulphonate. _ !

In Vivo Experiments

In Experiment 1, the influence of hGHRH,.,, and somatostatin-14
(SRIF-14) on circulating GH levels in female goldfish acclimated to
either 12 or ,20 °C was studied. This experiment was conducted in

\ ¢

-
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Novembef using fish in the early stages of gonadal recrudescence. All
peptides were dissolved in saline (0.6% NaCl) and injected ip at dosages
expressed as ug peptide/g body weight (injection volume = 5 ul/g). At
each temperature, two groups of fish received a si&gle ip injection of
hGHRH, .,, at a dosage of either Q.1 or 1.0 ug/g. A third group of fish
at each temperature received a single injection,of SRIF-14 (1.0 ug/gz.
Ccontrol fish received an equivalent volthne of saline. Blood samples were
obtained from the caudal vasculature using procedures described
previously [Chang et al., 1985). The blood samples were allowed to clot
at 4 °C for several haurs, and the serum from each sample was collected
and ;tored at -25 °C. All fish were sacrificed followinb the final blooa
sample.

Experiment 2 was conducted in May using female goldfish held at 12
°C with mature (preovulatory) gonads. Groups of fish reéeived a single
injection of either saline, or one of three concentrations of hGHRH, .,,:
0.01, 0.1 or 1.0 ug/g. Blood samples were obtained at 1, 3 and 6 hours
after the final blood sample. .

Experiment 3 was conducted in April using female goldfish in the
final stages of gonadal recrudescence held at 12 °C. Groups of figh
received a single injection.of either saline, hGHRH, .,, (1.0 ug/g) or
sGnRH (0.1 ug/g). Blo;d samples were taken at 1, 3 and 8 hours after the
final blood sample. ’

4
In Vitro Experiments

The influence of various GHkH—like peptides on GH secretion from
fragments of the goldfish pars distalis was examined using pituitary

‘-'!tusion techniques previously used to study the influence of various

hS
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SRIF [Chapter 2] and GnRH [Chapter 5] moldcules on GH release from the
goldfish pituitary. In perifusioh Experjiment A, frégments of the pars
distalis equivalent to 5 pituitaries were placed in perifusion chambers
and allowed to equilibrate for a period of two hours prior to the start
of the experiment. The pe;ifusion medium during, the equilibration and
experimental periods consisted of Hank's basic salt solution (HBSS)
supplementéd with 25 mM HEPES buffer and 0.1 % bovine serum éfgmmin
[Chapter 2). The flow rate of HBSS through the perifusion colum# was
maintained at 15 ml/hour. After the two hour equilibration period,
ffactions.of the perifusate were collected at 5 minute (1.25 ml)
intervals using an automatic fraction collector. At the start of the
experimental period, fractions were collected over a 40 minute period,
prior to administration of the peétide solutions. The fragments were
then exposed to(three concentrations (l; 10 and 100 nM) of hGHRH, _,,.
The three dosages of hGHRH, _,, were adminstered sequentially from the
lowest to the highest concentration, and each dosage was adminstered
over a'20 minute period. Following exposure to 100 nM hGHRH,_,,, the
fragments wereAexposed tdlﬂBSS only for a 60 minute period. Three
concentrations (1, 10 and 100 nM) hGHRH,_.,, were then adminstered
sequentially from the lowest to the highest dosage; each dosage of
hGHRH, _,, was administered over a 20 minute period. Finally, the
fragments were exposed to HBSS only for a 40 minute period following
‘administration of the 100 nM dosage of hGHRH,_,,. This experimental
protocol was tested ih four separate perifusion columns.

In perifusion Experiment B, fragments equivalent to 3 pars
distalis were plac;ed 4N perifusion chambers and allowed to equilibrate
ovérnight prior‘to‘the start of the experimental treatments. During the
!

\
i
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overnight equilibration period, the flow rate of medium through the
columns was 5 ml/hour and the E;rifusion medium consisted of Medium 199
containing Hank's basic salts (Gibco Laboratories, Grand Island, NY) and
supplemented with 25 mM HEPES buffer and Nystatin (56 U/ml). Two hours
prior to the start of the experimental period,” the flow rate was
increased to 15 ml/hour and the medium was changed to ﬁBSS. Five minute
(1.25 ml) fractions were collected during the experimental period. In
this experiment, pitufiary fragments were exposed_Fo discrete S5 minute
pulses of various concentrations of either hGHRH,ff;, an analog of human
GHRH ([Nle??]-human GHRH(1-29); hGHRH-A), carp GHRH-LIP, ,,, carp
GHRH-LIP, ,,, or carp GHRH-LIP, ,,. For hGHRH, _,,, hGHRH-A, Safp
GHRH-LIP, . ,, and carp GHRH-LIP, ,,, three concentrations (10, 100 or
1000 nM) of each peptide.were administered sequentially from the lowest

, 6,

to the highest ' gﬂisérete 5 minute pulses at 30 minute intervals;

each peptide was tested;in individual perifhsion columns. Forty-five
minutes after the pulse of the 1000 nM concentration of each of these
peptides, the fragments in all perifusion columns were exposed to a 2
minute pulse of 50 nM sGnRH. For carp GHRH-LIP, _,,, 50 and 500 nM
concentrations of the peptide were adminstered as discrete 5 minute
pulses at a 55 minute interval. A 2 minute pulse of 50 nM sGnRH was
admfnistered 58 minutes after exposure to tge 500 nM dosage of carp
GHRH-LIP, _,,. Each peptide was tested on pitﬁitary fragments in at least

two individual perifusion columns. All fractions of perifusate were

stored frozen at -25 °C until assayed for GH content.
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Peptide Solutions

Synthetic hGHRH, _,,, hGHRH,.,,, hGHRH-A, carp GHRH-LIP,_,,, carp

GHRH-LIP, _,,, carp GHRH-LIP, .,, and sGnRH were generously provided by W.

N

vale and J. Rivier (The Clayton Foundation Laborajories for Peptide
Biology, The Salk Institute, San Diego, CA 92037). Synthetic SRIF-14 was
purchased commercially (Sigma Chemical Co., St. Loius, MO). For the in
vivo experiments, the peptides were dissolved in saline immediately
prior to injection. For each perifusion experiment, the human GHRH and

the carp GHRH-LIP molecules were freshly dissplved in HBSS. sGnRH and

SRIF-14 were dissolved in 0.01 N acetic acid and stored as concentrated
(10 ug/20 ul) stock solutions at -25 °C. Several concehtrations of each
\

peptide were made immediately prior to the start of each perifusion
experiment. The peptide solutions were kept at 4 °C before use but were

allowed to equlibrate to 17 °C prior to administration.

Growth Hormone'Measurement and'Statistical Analysis

The GH content in serum samples from in vivo Experiments 1 and 2
and in perifusate samples from Experiment A was determined using the
carp GH radioimmunoassay (RIA) described by Cook- et al. [1983]. GH
levels in serum samples from Experiment 3 and périfusate samples from -
Experiment B Qere measured using the- carp GH RIA described in )
Appendix 1.

In Experimeqt 1, serum GH levels in groups of fish receiving
hGHRH, _,, or SRIF-14 were compared at each sample time to GHAIevels in
the saline-injected group using the Mann-Whitney U-test (p<0.05)
[Snedecor and Cochran, 1980]. In’fxperiments 2 and 3, serum GH levels at

A

each sample time in the diroups receiving injections of the peptides were

!
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compared to the levels in- the saline-injected groups using Student's

t-test (p<0.05) on logarithmically transformed data [Snedecor and

Cochran, 1980].
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© 7.3 RESULTS

{

Ig_Experiment 1, groups of fish maintained at 20 °C receiving

In Vivo Experiments

either 0.1 or 1.0 ug/g hGHRH, _,, had signficantly elevated serum GH
levels compared to the saline-injected group at 1 hour post-injection
(Figure 7.1). At 20 °C, fish receiving SRIF-14 (1.0 ug/g) had
significantly lower serum GH levels at 1 hour post~injection compared to
the saline-injected group (Figure 7.1). At 3 hours after injection,
serum GH levels were similar in all groups of fish kept at 20 °C. In
fish maintained at 12 ©C, serum GH levels in fish receiving either
dosage of hGHRH, _,, were similar to levels in the saline-injected group
at both 1 and 3 hours post-injection (Figure 7.1). In the group ‘at 12 °C
recgiving SRIF-14, serum GH levelg were significan;ly lower at 1 ana 3\“
hours after injection compared to the %evels in the saline-injected

group (Figure 7.1).

3,
In Experiment 2, serum GH levels at the 1 hour sample time in

groups receiving either 0.01 or 0.1 ug/g hGHRH, _,, were similar fo the
levels in the saline-injected groups (Figure 7.2). However, at this
sample time, serum GH levels in the group injected with 1.0 ug/g
hGHRH, _,, were significantly elevated compared to the saline-injected
group (Figure 7.2). At 3 and_6 hours following injection, serum GH
levels were similar in all groups (Figure 7.2). .

In Experiment 3, fish receiving either sGnRH (0.l ug/g) or
hGHRH, .., (l.Oiug/g) had significantly elevated serum GH levels compared

to the levels in the saline-treated group at 1 hour following injection

-
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(Figure 7.3). At 3 hours post-injection, serum GH levels in the groups
receiving saline or hGHRH, ,, were similar. However, serum GH levels in
the éroup receiving sGnRH were significantlz higher than the levels in
saline-treated fish at thi; sample time (Figﬁre 7.3). At 8 hours after

injection, serum GH levels were similar in all groups.

In Vitro Experiments

Exposure of goldfish pituitary fragments for 20 minutes to each

/ -

concentration of hGHRH, .,, or hGHRH, ,, did not alter GH secretion from
theipituitary fragments (Figure 7.4). GH levels in the fractions of
pgrifusate collected during exposure of the warious concentrations of
theshuman GHRH peptides were similar to the GH levels in fractions
collected before and after exposure of the fragments to the peptide
solutions.

Administration of 5 m;nute pulses of various concentrations of
hGHRH, .,, or hGHRH-A did not alter GH release trom goldfish pituitary
fragments’(Figure 7.5); GH levels in fractions collected during and
immediately following exposure of fragments to these peptide solutions
were similar to the GH levels measured in fractions collected pefore
exposﬂre. Administration of 5 minute pulses of various concentrations of
carp GHRH-LIP, ,,, carp GHRH-LIP,_,, or carp GHRH-LIP,_,, also did not
influence BH secretion from goldfish pituitary fragments (Figure 7.6).
However, a 2 minute pulse of 50 nﬁ sGnRH administered 45 minutes after
the last pulse\ot the GHRH-iike molecule resulted in the rapid

.

stimulation of GH secretion from the pituitary fragments in all of the

perifusion columns (Figures 7.5 and 7.6).
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7.4 DISCUSSION

Although the have been a large number of studies demonstrating
that mammalian GHRH stimulates GH secretion in mammals and birds (see
Introduction), there has only been one report [Peter et al., 1984] "on
the influence of mammalian GHRH on GH release in a teleost species. In
this study [Peter et al., 1984], ip injection of hGHRH, .,, was found to
elevate circulating GH levels in the goldfish. In the present study, ip
injection of hGHRH, ,, as well as hGHRH, ,, also resulted in elevated
serum GH levels i; the goldfish, confirming the findings of Peter et al.
[1984]. Howéver, the response to the human GHRH peptides in the present
study was somewhat variable. For example, in Experiment 1, hGHRH, .,, at
both dosages was effective in elevating serum GH levels in fish

!
maintained at 20 °C but hot 12 °C. Although this may indicate that water
temperature influences the response to hGHRH, ,, in the goldfish, Peter
et al. [1984] found that similar-concentrations of hGHRH, ,, were
effective at 12 °C. It is unlikely that this discrepancy represents
seasonal variations in the responsiveness -to hGHRH, .,, as both studies
were conducted at a similar time of year (November). The finding that
SRIF-14 suppressed GH levels in fish maintained at both 12 and 20 °C in
this experimént indicates that goldfish at both temperatures were
responsive to hypothalamic peptides. Finally, iﬁ other experiments
conducted at 12 °C in ﬁhe present study, the human GHRH peptides at 1.0
ug/g were effective in increasing se;um GH levels in the goldfish.

Thefefore, the influence of the human GHRH molecules on serum GH levels

in the goldfish appears to be reproducible, although the response is

.
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variable between experiments.

various GnRH molecules were found to elevate serum GH levels in
the goldfish [Chapter 4], and the influence of sGnRH was compared to the
effect of hGHRH, .,, on serum GH levels in Experiment 3. At 1 hour
foliowing ip injection, both sGnRH and hGHRH,_.. resulted in similarly
elevated serum GH leyels. However, at the 3 hour sample time, serum GH
levels were elevated only in fish receiving sGnRH. This finding suggests
the effect of sGnRH on serum GH levels in the goldfish is of longer
duration than the’influence of hGHRH, _,,.

In mammalian species, the GHRH peptides elevate circulating GH
levels by acting directly on the pituitary to increase the secretion of
GH [Frohman and Jansson, 1986; Gelato and Merriam, 1986). However,
results from in vitro experiments in the present study provide evidence
suggesting that exposure of the goldfish pituitary to either hGHRH, _,,
or hGHRH, .,, does not alter GH secretién in vitro. The lack of any
effect of the human GHRH molecules on GH secretion in vitro was
consistent between experiments in the present study. Exposure of freshly
prepared fragments of the goldfish pars distalis for 20 minutes to
concentrations up to 100 nM of hGHRH, ,, or hGHRH, .,, did not result in
any alteration to the secretion of GH (Figyre 734). Similarly, discrete
5 minute pulses of 10 to 1000 nM concentr!iions of hGﬁRH,_;. at 30
minute intevals did not alter GH secretion in other experiments using

™
pituitary fragments allowed togequilibrate';vernight (Figure 7.5). In
these latter experiments, however, a 2 minute pulse of sGnRH was
effective in stimulating GH secretidﬁj/ruling out the possibility that

the fragments were unresponsive to stimulation in these experiments:

These results using perifused fragments of the goldfish pituitary are in
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contrast to the situation in mammals where concgntrations of GHRH as low
as 10 pM induces GH secretion in vitro [Sp?Lss et al., 1983].

Exposure of goldfish pituitary fragments to hGHRH-A, also‘did not
influence GH secretion. This analog consists of the f;rst 29 amino acids
of hGHRH, .,,, with a Nle replacing the methionine residue in position
27. Studies in mammals have shown that analogs containing the first 29
amino acids of hGHRH, ,, retain full biological activity, although
oxidation of the methionine residue in position 27 results in very T~
reduced potency of the molecule [Frohman and Jansson, 1986; Robberecht
et al., 1986]. Replacement with Nle prevents oxidation of the methionine
and the subsequent loss of biocactivity. It is unlikely that oxidation of
the methionine residue in hGHRH, _,, or hGHRH, _ ,, resulted in the loss of
the biological activity of these molecules in the present study, as
protection of this residue in hGHRH-A did not result in increased
potency in terms of stimulating GH secretion from the goldfish pituitary
in vitro.

The absence of any influence of the human GHRH peptides on GH
secretion in vitro in the present study, even at relatively high
concentrations (i.e. 1000 nM) and under conditions in +hiéh sGnRH
stimulates GH secretion, argues strongly against a direct action of the
human GHRH peptides on the goldfish pituitary to alter GH secretion. It
is difficult, therefore, to explain the in vivo stimulatory effects .of
hGHRH, .,, and hGHRH, _.,, oh GH release in the goldfish. It is possible
that the putative teleost hypothglamic GHRH molecule is structurally
quite different from mammalian GHRH, and that receﬁtors on the goldfish

pituitary are unable to recognize mammalian forms of the GHRH molecule

at the concentrations tested in the present ‘study. Alternatively, it is
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also possible that the human GHRH peptides alter circulating GH levels
through an action(s) on tissue(s) other thatfkye'pituitaryl A few
studies in mammalian species have reported effects of mammalian GHRH
molecules on several peripheral tissues [ Pandal et al., 1984; ﬂauner et
\]
al., 1985], including the st;mulation of endocrine hormone‘secretion
from the isolated, perfused pancreas of the dog [Hermanssen et al.,
1986]. Although similar results from studigs in teleost species are not
available, the possibility of peripheral effects of the human GHRH
peptides resulting in the elevation of serum GH levels in theF;oldfish
cannot be eliminated.

Three forms of a molecule with partial structural homology to
mammalian GHRH were recently isolated from the hypothalamus of the carp
[vaughan et al., 1987; J. Rivifr and W. Vale, personal commu;ication],‘
and it was possible that this molecule may represent a teleost
GH-releasing factor. However, all three forms of carp GHRH-LIP, the 45
amino acid peptide as well as the 29 and 44 amino acid derivatives, were
ineffective in altering GH secretion from goldfish pituitary fragments
in the present study. The carp GHRH—LIP’Eolecules were isclated based on
their immunological pfoperties, rather than their biological actions,
using an antiserum generated against rat GHRH [Vaughan et al., 1987].
Furthermore, the carp GHRH-LIPs have ‘only partial structural homology to
mammalian GHRH, and Vaughan et al. [1987] indicated that the carp

'IRH-LIP is actually more closely related structurally to the family of
mammalian peptides that includes vasoactive intestinal polypeptide and
PHI/PHM. _

< { The physiological action of the GHRH-LIPS isoiated from the cgrp'

hypothalamus remains unknown, althobyh results from the present study
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indicaté that this peptide probably does not directly influence GH
secretion from/the pituitary. This does not rule out the possibility
that other GHRH-like peptides stimulating Gﬁ secretion from tﬁé
pituitary may be presgnt in the hypothalamus of teleost fishes.
Additional studies are required to fully characterize the physiological
effects of mammalian GHRH peptides in goldfish and other teleost
species, and to fully examine the nature of the substances in the
teleost hypothalamus that stimulate pituitary GH secretion. Until this
information is available, however, a role for a GH-releasing factor
similar in structure to mammalian GHRH in the neﬁroendocrine regulation

of GH secretion in the goldfish and other teleost species remains

gquestionable.
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Figure 7.1. Influence of a single intraperitoneal injection of hGHRH, _,,
(0.1 and 1.0 ug/g) or SRIF-14 (1.0 ug/g) on serum growth hormone (GH)
levels at 1 (top panels) and 3 (bottom panels) hours after injection in
female goldfish held at either 12 °C (left panels) or 20 °C (right
panels) in November. All values are represented as mean t SEM. Sample
sizes are indicated along the abscissa in each panel. Significant
(p<0.05) differences in serum GH levels at each sample time between
saline-treated group and the groups recexving the peptides are indicated

by an asterisk. .
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Figure 7.2. Influence of a single intraperitoneal injection of three
concentrations of hGHRH, .,, (0.01, 0.1 and 1.0 ug/g) on serum growth
hormone levels at 1, 3 and 6 hours after injection in female goldfish
held at 12 °C in May. All values are represented as mean : SEM. Sample
sizes are indicated along the abscissa in the lower panel. Significant
(p<0.05) differences in serum GH levels at each sample time between
saline-treated group and the groups receiving the peptides are indicated

by an asterisk.
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Figure 7.3. Influence of a single ip injection of hGHRH,.,, (1.0 ug/qg)
or sGnRH (0.1 xg/g) on serum GH levels in female goldfish held at 12 °C
in April. Sample sizes in each group are indicated along the abscissa in
the bottom panel; all values are represented as mean * SEM. Significant
(p<0.05) differences in serum GH levels at each dample time between the
saline-injected group and the groups receiving the peptides are
indicated by an asterisk. '
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Figure 7.4. Representative profile of GH levels in fractions (1.25 ml)
of perifusate collected from an individual perifusion column, comparing
the influence of exposure to various concentrations of hGHRH,_,, and
hGHRH, .,, on GH secretion from fragments of the goldfish pars distalis.
The treatment protocol is shown along the top of the graph. The results
presented here were similar to results obtained in other perifusion

columns. *
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Figure 7.5. Representative profiles of GH levels in fractions of
perifusate collected from individual perifusion columns containing
fragments of the goldfish pituitary which were exposed to 5 minute
pulses (at 30 minute intervals) of various concentrations of hGHRH, .,,
(top panel) and hGHRH-A (bottom panel). The fragments in each column
were also exposed to a 2 minute pulse of 50 nM sGnRH 45 minutes after
the last pulse of the hGHRH peptide. The pulses of peptides are
represented by the black bars at the top of each panel. Results similar
to those presented here were obtained using fragments in at least one

other perifusion column.
)
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Figure 7.6. Representative profiles of GH levels in fractions of
perifusate collected from individual perifusion columns containing
fragments of the goldfish pituitd@ry which were exposed to 5 minute
pulses of various concentrations of carp GHRH-LIP,.,, (‘top panel), carp
GHRH-LIP,_,, (middle panel) or carp GHRH-LIP,_,, (bottom panel). The
fragments in each column were also exposed to a 2 minute pulie of 50 nM
SGnRH following the last pulse of the carp GHRH-LIP. The pulses of
peptides are represented by the black bars at the top of each panel. The
results presented here/werg similar to results obtained in at least one

‘3Eggﬁfperifusion experiment.

-
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This demonstrates that SRIFild acts directly at the level of the
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8. GENERAL DISCUSSION

Current understanding of the hypothalamic regulation of GH
secretion in vertebrates has come primarily from studies in mammalian
and, to a lesser extent, avian species [for review: Chapter 1]. The role
of the hypothalamus in controlling GH secretion in poikilothermic
vertebrates has not been extensively studied. Consequently, the control
of GH secretion by the central nervous systemsCNS) is poorly understood
in teleost fishes and other lower vertebrates. In the preceding chapters
of the present th is, new and original information regarding the
hypothalamic regulation of GH secretion in the goldfish was presented.
This. final chapter will briefly'ew and discuss the major findings of
the present thesis, and will propose a model of the hypothalamic
regulation of GH sscretion in the goldfish.

The influence of varﬁ$us somatostatin (SRIF) molecules on GH
release from perifﬁsad fragments of the goldfish pituitary was studied
in Chapter 2. Previously, the tetradecapeptide, SRIF-14, had been
isolated from teleost tissues [Andrews and Dixon, 1981; Noe et al.,
1979; Plisetskaya et al., 1986], and was shown to decrease circulating

L3

GH levgls in the goldfish [Cook and Ppter, 1984). In the present study,

4

SRIF-14 was found to rapidly inhibit GH secretion in vitro [Chapter 2]1'_

. TN
pituitary to alter GH releasqq in the goeldfish, and provides support for
<

the hypothegis that SRIF-14 or a very similar molecule functions as a GH
-

release inhibitory factor in tq}eosts. .

A . s
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Previous studies ii the tilapia Orechromis mossambicus [Fryer et

al., 1979; Rivas et al., 1986] and Poecilia latipinna [Wigham and

Batten, 1984] have ;lso found that SRIF-14 inhibits GH secretion in
vitro. Rowever, relatively higﬁ concentrations (30 to 1000 nM) were used
in these studies [Fryer §£ al., 1979; Rivas et al., 1982; Wigham and
Batten, 1984], and the present study in the goldfish Qemonstrates that
much lower concentrations of SRIF-14 are effective in altering GH
release in a teleost species [Chapter 2]. For example, the half maximal
effective dose (ED,,) of SRIF-14 determined following exposure of
goldfish pituitary fragments to 2 minute pulses of various
concentrations of SRIF-14 was calculated to be 1.3 nM (Figure 2.4), very
similar to the ED,, of SRIF-14 on the mammalian pituitary [Vale gg.gl.,
1975]}. This represents the first demonstration that physiological

'
concentrations of SRIF-14 inhibit GH secretion in a teleost species, and
that the potency of SRIF-14 in at least one teleost species is similar
to the potency of SRIF-14 on GH secretion in other vertebrates.

The present study is the first to examine the influence of SRIF
peptides other than SRIF—ld on GH release in a teleost species [Chapter
2]. Mammalian SRIF-28 was found to be equipotent with SRIF-14 in
inhibiting GB release from the goldfish pituitary in giigg (Figure 2.5).
In mammals, SRIF—lX and SRIF-28 are derived from the same precursor
molecule, and the carboxyl terminus of mammalian SRIF-28 contains the
complete sequence of SRIF-14 [Goodman et al., 1982; Shen et al., 1982].
Therefore, it is possible that the equipotency of*bpese two pepiides’in
the present study is due to this structural homology between SRIF-14 and

SRIF-28. Although it is not known if the teleost precursor for SRIF-14

(proSRIF-{y is also processed to a longer peptide corresponding to

]



mammalian SRIF-28, results from the present study in the goldfish
indicate that peptides containing the carboxyl terminus sequence of
SRIF-14 may also be biologically active in teleosts.

Teleosts appear to be unique amouyg vertebrates in that two genes
encoding two distinct SRIF precursor molecules (proSRIF-I and
proSRIF-11) are present in pancreatic islet tissue [for review: Chapter
2]. In all teleost species examined to date, SRIF-14 is produced from
proSRIF-1, whereas the SRIF molecule produced from proSRIF-II is
structurally different from SRIF-14 and also displays some species
difference in structure. In the present study, the effects of SRIF
molecules isolated from islet tissue of channel catfish and coho salmon
were compared to the influence of SRIF-14 on GH secretion from the
goldfish pituitary in vitro. Both catfish SRIF-22 (cSRIF-22) and salmon
SRIF-25 (sSRIF-25) did not influence the release of GH from perifused
goldfish pituitary fragments, although equivalent dosag;s of SRIF-14
were effective in the same experihents (Figures 2.5 and 2.6). This
findind” indicates that the SRIF receptors in the goldfish pituitary are
specific for molecules containing the SRIF-14 sequence, and that slight
alterations to the SRIF molecule, especially in the carboxyl terminus
region, result in the loss of biological activity in terms of the
inhibition of GH secretion. Furthermore, this suggests that the SRIF
peptide derived from the second SRIF gene in teleosts may not
participate directly in the regulation of GH secretion from the teleost
pituitary. N )

Based on the observation that the two forms of SRIF in the teleést

pancreas are structurally dissimilar, it has been suggested that the

various SRIF molecules may have quite different biological functions in
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teleosts [for review: Chapter 2]. In support of this hypothesis, there
~does appear to be some variation in the expression of the two SRIF genes
in various teleost tissues. An immunocytochemical study has demonstrated
that the genes encoding for proSRIF-I and proSRIF-II, and, consequently,
the cleavage products from each gene (SRIF-14 and anglerfish SRIF-28,
respectively) are expressed in different D-cells within the anglerfish
pancreas [McDonald et al., 1987). Furthermore, a study using specific
radioimmunoassays to measure the relative amounts of SRIF-14 ahd
CSRIF-22 ih various tissues in the chanmel catfish [Fletcher et al.,
1983], found that the predominant immunoreactive form of SRIF in the
catfish brain corresponded to SRIF-14, whereas the predominant form in
the ﬁipcreas was CcSRIF-22. Thus, it is possible the biological actions
of the productg of the two SRIF genes may be related to their
differential expresssion in various tissues. Although additional studies
are required to fully characterize the complete range of physiological
actions of the two SRIF molecules in teleosts, reéplts of the present
study suggest that at least one biological action, the inhibition of GH
secretion from the pituitary, may not be shared by SRIF—14 and the
product of the second teleost SRIF gene.

Although immynocytochemical studies have found cell bodies and
nerve fibers containing immunoreactive SRIF (irSRIF) widely distributed
throughout the teleost CNS [for review: Chapter 3], the present study is
t;e first to examine the relationship befween circulating GH levels and
endogenous brain and pituitary irSRIF in a teleost species. In Chapter
3, it was found that the amount of irSRIF in extracts of the pituitari,

«

and the telencephalic and hypothalamic regions of the goldfish forebrain

at various times of the year was‘inversely related to seasonal changes

L
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ih circulating GH levels (Table 3.1). The amount of ir#RIF in the
forehrain regions and the pituitary was highest at the tilme of year when
serum GH levels were the lowest (November and February), and,
conversely, lowest at the time of year when serum GH levels were the
highest (May, June and‘July). This provides the possibility that changes
in the irSRIF content in the goldfish forebrain and pituitary may be
involved in determining the seasonal pattern in circulating GH levels in
,the goldfish. Interestingly, results presénted in Chapter 2 indicate
that the goldfish pituitary in vitro is most responsive to SRIF-14 in
February, a time of year corresponding to a high pituitary irSRIF
content and low serum GH levels. This finding suggests that the
responsiveness of the goldfish pituitary to SRIF-14 may also vary
seasonally in a positive relatioﬁship to the endogenous irSRIF content.

Additional evidence presented in Chapter 3 also supports the role
of the forebrain in the regulation of GH secretion in the goldfish. In a
brain lesioning experiment, destruction of the preoptic area of the
goldfish forebrain resulted in increased serum GH levels, concommitaht
with a>decrease in the amount of irSRIF in the pituitary (Figure 3.3)..
This provides direct evidence that the preoptic region is the origin of
a somatostatinergic projection to the goldfish pituitary. Furthermore,
these re;ults provide support for a fuynctional relationship between
endogenous irSRIF in the CNS and GH secretion in the goldfish, and for
the hypothesis that a SRIF-14-like molecule functions as a GH

-

release‘enhibitory factor in teleosts.

A novel finding of the present thesis is the demonstration that

gonadotropin (GTH)-releasing‘hormone (GnRH) stimulates GH secretion in

the goldfish. In Chapter 4, it was found that intraperitoneal (ip)
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injection of various GnRH peptides, including native salmon GnRH
(s-GnRH), resulted Tﬁ elevated circulating levels of GH in both fé(ile
and male goldfish. In vitro experiments using perifused fragments of the
goldfish pituitary [Chapter 5] provide evidence that the effect of GnRH
on GH secretion occurs directly at the lgvel of the pituitary. In a
dose-response experiment, sGnRH was found to rapidly stimulate Re
secretion of both GH and GTH in vitro in a dose-dependent manner (Figure
5.5). Analysis of the dose-response curves obtained from the in vitro
experiments (Figure 5.6) indicates an ED,, of sGnRH in the physiological
nM range, and was similar for both GH and GTH setretion. The time course
of stimulation of GH secretion in vitro by sGnRH was very similar to the
time course of GTH stimulation (Figure 5.5). Furthermore, exposure of
pituitary fragments to the analog [D-Arg*,Pro’NEt]-sGnRH (sGnRH-A)
resulted in ;he rapid desensitization of the goldfish pituitary, in
terms of both GH and GTH release, to further stimulati?n by GnRH
(Figures R.i amd 5.3). These results provide evidence that GnRH
Qtimulates the secr;tion of both GH and GTH from the goldfish pituitary,
and suggests that the receptor mechanisms mediating the stimulatory
actions of GnRF may be similar for both GH and GTH_secretion.

Although GnRH can stimulate the release of both GH and GTH from
the goldfish pituitary, an important finding in the present thesis is

. ”’

the observation that the secretion of both hormones can occur
indepen&ent of each other. For example, ip inject%on of pimozide, a
dopamine antagonist, greatly potentiates the GnRH'stimulation of GTH
Secretion.in the goldfish and other éeleost species thrdugh the removal

of the endogenous inhibitory influence of dopamine on GTH secretién

[Peter et al., 1986]. In contrast, ip injection of pimozide does not
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Potentiate GnRH-induced GH secretion in either female (Table 4.1) or
male (Figure 4.3) goldfish, indicating that dopamine does not inhibit
the GnRH stimulation of GH release. The independent release of GTH and
GH was also observed in vitro [Chapter 5]. In this experiment, SRIF-14
was found to completely inhibit the GnRH-induced secretion of GH,
without influencing the GnRH stimulation of .GTH release (Figure 5.7).
Conversely, apomofphine, a dopamine agonist, completely abolished
GnRH-induced GTH secretion, but did not alter the GnRH stimulation o} H
secretion. The§e results'provide strong ewidence that the stimulation df
GH release can occur independently of stimulated GTH release, and also
provides evidence that the release inhibitory factors influencing GH and
GTH secretion in the goldfish are separate and distinct.

In the rat, recent studies using reaggregates of enriched
populations of lac;otropﬁs and gonadotrophs have found that mammalian
GnRH (mGnRH) stimulates prolactin (PRL) release through a mechanism that
is dependent on the presence of gonadotrophs, and it is hypothesized
that gonadotrophs in the rat pituitary secretg a factor which stimulates
PRL\Eelease through a paracrine action [Denef et al., 1986]. Although
paracrine interactions in the goldfish pituitary have not been studied,
the finding that the GnRH stimulation of GH release can occur
independent of stimulated GTH release suggests that the action of SbnRH
on GH sec;et;on is not likély due to a paracrine influence of the
gonadotrophs on the somatotrbpﬁs. For similar reasons, it is aléo
,Qn}ikely that the GnRH-induced secretion of GTH is due to a paracrine
effect of thé somatotrophs onrthe gonadotrophs.

In the goldfish pituitary, the somatotrophs and the éonadotrophs

are found intermingled in close proximity to each other in the proximal
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pars distalis [Cook et al., 1983; Kaul and Vollrath, 1974].
Immunocytochemical studies have found that neurcnal fibers containing
immunoreactive GnRH (irGnRH) penetrate into the proximal par$ distalis
of the goldfish [Kah et al., 1984; Kah et al., 1986]. Direct contacts
between the neuronal fibers containing irGﬁRH and somatotroph cells have
yet io be reported in the goldfish or other teleosts, but the neuronal
fibers containing irGnRH within the proximal pars distalis are certainly
in the vicinity of the somatotrophs, as well as the gonadotrophs. This
provide3\the possibility of an anatomical relationship between
somato;i;th and irGnRH fibers in the goldfish, although additional
ultrastructural studies are required to provide ti;a\ﬁridence of the
innervgtion of the somatotrophs by GnRH-containing neuronal fibers.

In Chapter 4, it was found that a single ip injection of ihe
analog [D-Ala*,Pro’NEt]-mGnRH (mGnRH-A) resulted in elevated serum GH_
levels in female goldfish for up to 24 hours (Table 4.1). The serum
levels of GH measured following injection of mGnRH-A were similar to
levels measured previously in goldfish displaying rapid rates of quy
growth [Marchant and Peter, 1986; Marchant et al., 1986]. This provided
the possibility that the increases in serum GH levéls induced by mGnRH-A
are sufficient to accelerate body growth in the goquish. This
hypothesis was. tested by measuring body growth rates in goldfish
rec;iving repeated injections of mGnRHEA [Chapter 6]. In all three
experiments [Chapter 6], the injections of MGnRH-A resulted in
significant increases in body length in goidfish held at 12 °C&‘a water
temperature suboptimal for growth in the goldfish {Marchanf et gl.,'
1986]. Coinjection of'an antisegu; raised against carp GH partially

. blocked the growth response to mGnRH-A, whereas an antiserum against

.

/ i
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carp GTH did not influence growth induced by mGnRH-A. This suggests that
the increases in body growth rate in the goldfish measured follbwing
injection of mGnRH-A are probably due to increases in serum GH levels,
and indicates that the incr?ase in serum GH levels following mGnRH-A
injection in the goldfish are sufficient to accelerate oody growth.

Result% presented in Chapter 7 indicate that ip injection of
.another mammalian hypothalamic peptide, human GH-releasing hormone
(GHRH), elevates serum GH levels in goldfish, confirming the previous
findihgs of Peter et al. [1984]. However, in experiments 0sing perifused
pituitary fragments, various GHRH peptides did not alter the secretion
of GH from the goldfish pituitary [Chapter 7j. Furthermore, a teleost
GHRH-like peptide (carp GHRH-LIP) isolated from hypothalami of the
commmon carp, was also ineffective in altering GH rglease in vitro.
These in vitro results suggest that the influence of GHRH on GH
éecretion in vivo in the goldfish is gprobably not due to an influenée of
GHRH dirQZtJy at the level of the pituitary, although the manner by . ’
which GHRH acts fo alter GH secretion in vivo %ﬂ'the goldfish remains
unknown. Consequently,‘the involvement of a GHRH-like peptide in the
hyprhalamic regulation of GH secretion in the goldfish remains
questionable.

In conclusion, the major findings of the present thesis have been
ingorporated into a hypothetical model of the hypothalamic regulation -of
- GH secretion in the goldfisﬁ (Figure 8.1). This model does not rule out
the pogsibility that other substances (e.g. catecholamines or other

hypothalamic peptides) may also influence GH secretion in the goldfish.

However, based on results from experiments in the present study, it

L4

appears that the secretion of both GH and GTH are regulated, at least in
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part, through a common releasing factor, GnRH. Previous studies have
demonstrated that dopamine functions as a GTH release—inhigitory factor
in teleosts [Peter et al., 1986], whereas the present study providesv
firm evidence that SRIF-14 or a very similar molecule functions as GH
releasé-inhibitory factof._Thergfore, the release-inhibitory factors for
GH and GTH secretion in the goldfish appear to be separate and distinct.
This model provides a firm foundation for future studies investigating
the hypothal;mic regulation of GH secretion in the goldfish and other

teleost species.
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GnRH GnRH

Other factors ?7?
e.g. GH-RF, TRH, CA

(¢« or -)
lliiIIIHIIII i' ‘iIHIHHIIIII
(-) GONADOTROPIN][  GROWTH

HORMONE (-).

- 7

Figure 8.1. Proposed model of the hypothalamic regulation of growth
hormone and gonadotropin secretion in the goldfish. See text for a
detailed description of this model. Abbreviations: GH-RF - growth
hormone-releasing factor; TRH - thyrotropin-releasing hormone; CA -
catecholamines.
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D 9. APPENDIX I
CARP GROWTH HORMONE RADIOIMMUNOASSAY
Growth hormone (GH) was purified from pituitaries of the common

carp (Cyprinus carpio L.) by H. Kawauchi and coworkers (School of

Fisheries Sciences, Kitasato University, Sanriku, Iwate 022-01, Japan).

‘ -
d description of the purification procedures and biochemical

A detail

characteristics of the carp GH preparation will be published elsewhere.

The carp Gﬁ preéaration is biologically active: weekly injections of the
!

carp GH cause a dose-dependent increase in body weight‘a%@‘length in.

young carp (Kawauchi et al. unpublished results). This carp GH

preparation was used to develop a specific radioimmunoassayA(RIA)

oI
suitable for measuring pituitary and circulating levels of GH in the
g ] o -
goldfish. . i

Ggneration of Antiserum Against Carp GH

Antiserum to the purified carp GH was ;egenerated in a yohng male
rabbit (Flemish giant X French lop-earred hyﬁrid). The rabbit received a
sequence of injections, at 14 day intervals, of'Qip,‘lod and 100 ug carp
GH (d}ssolved in 1 §§30f 0.6 % NaCl\and 1 ml of Freund's complete
adjuvant) at multiplg subcutaneou;fsites and 1 intramuscular site.
Foliowing the third injection o;/éérp GH plus'Preund'S complete
adjuvant, two booster injectiqns of 50 ug ca;p‘GH in 1 ml 0.6 % NaCl
were §iven at 14 day interv§ls. Eighf days éfter the last booster
injection, the rabbit was completely bled by cardiac puncture. The blood
was allowed to clot for several hours at 4 °C, and the resulting serumv

was collected, frozen and lypphilized.

A
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The ébility of the antiserum to neutralize endogenous circulating
GH in goldfish was assessed by monitoring gsowth rates failowing
intraperitoneal (ip) ihjection of the antiserum. For this experiment,
femate goldfish were fin-clipped for individual iQentification and hel;
atlleL:SD, 18 °C. The average body weight of the tish at the start of
the exberiment was 7.5 t 0.3 g (n=20,, whereas tﬁe average body length

v

(as measured from the tip of the snout to the end of the caudal

‘peduncle) was 8-l 2 0.08 cm. During the pre-treatment period, all fish

received 4 ip injections at 3 day intervals of 50 ul of teleost

-

' physiological saline [Burnstock, 1958] supplemented with Penicillin-G

(260 U/ml) and gentdamycin 5ulbhate (0.2 mg/ml). During the ;reatmeﬁt
period, groups of goldfish received 4 1ip injections of 50 ul of normal
rabbit serum CNRS‘treated; n=l1) or 50 ul of the rabbit anti-carp GH,
serum (racGH tr;afed; n=9) aJig day intervals. During the post—treatmené
period, all fish received 4 injections of Sp,ul of the saline solution

n

at 3 day intervals. Total body weight and. length were measured at 12 day

rdntervals throughout'the expeN ment . G;O@}h ratey during the

pre-treatment, treatment and post;treatme t periods were calculated as
- - p

o x,

of the the NRS and racGH treated groups were compared using Student's

i

t-test on logarithmic transformed data.
i .
During the pre-treatment period, both groups of goldfish displayed

similar rates ‘of growth ¢Figure 9.1). However, during the, treatment

é&ch 12" day period. Grow§p rates

period, the rate of incdrease in both weight and length wasisignificantly

lower in the racGH trgatad group compared to NRS treated fish. The rate

of increase iq pody weight remained significantly lower in the 'racGH

treated fish during tgp'post-treatment period; the growth rate, based on

-

<
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changes in length, was also depressed in the racGH treated group during
the post-treatment period, although the difference was not statistically
significant (Figure 9.1). In the NRS treated group, the rate of change
in weight showed a gradual decrease over the experimental period,
possibly due to handing stresses associated with the experimental
protdcol. However, the rate of increase in length remained constant
throughout the experimental period. Results of tMs experiment indicate
that the antiserum generated against carp GH depressed the rate of body
growth in goldfish, suggesting that enéogenous GH was neutralized by the
. o
antiserum. This provides evidence that the antiserum generated against
the carp GH recognizes a biologically active GH in the goldfish.

The immunocytochemical staining characteristic of the carp GH
antiserum on the goldfish pituitary gland has also been examined {H.
Cook and R. Peter, unpublished results]. The antiserum at a final
dilution of 1:3000 reacted with only the somatotrophs of the anterior
pituitary gland. Preabsorption of the antiserum with the purified carp
GH, but not carp prolactin, completely abolished the staining reaction.
These results provide further evidence of the specificity of the

9
antiserum for endogenous GH in the goldfish.

Preparation ggllzsl—carp GH

Carp GH was iodinated using procedures similar to those described

previously Mook et al., 1983]. Offe mCi of '2*I-Na in 50 ul of 0.5 M

~

phosphate buffer (pH=7.4) was added to a conical vial containing 5 ug of

carp GH in 5 ul of 0.05 M phosphate buffer (pH=7.4). Ten ul of
lactoperoxidase (1 I.U.; Calbiochem, La Jolla, CA) was added, and the

reaction was initiated by the addition of 10 il of 0.003% H,0,. The

. S . : ‘ v
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reaction mixturn was gently agitated, and 2 additional 10 ul aliquots of
the H,0, solution were added at 5 minute intervals. The reaction was
s

terminated by dilution through the addition of 500 ul of 0.05 M
phosphate buffer. The reaction mixture was fractionated by gel
filtration on a 1 X 50 cm column of Sephadex G-100 fine (Pharmacia,
Dorval, Que.). The elution buffer consisted of 0.08 M sodium barbital
(pH=8.6) supplemented with 0.5 % bovine serum albumin (B§A). Prior to
chromatography, the column was washed with 2 ml of barbital buffer
containing 5 % BSA to prevent adsorption of the reaction mixture to the
column. The void volume of the chromatography column was determined as
the elution volumn of a 0.05 % solution of dextran blue. One ml
fractions of the eluate were collected using an automatic fraction
collector, and the radioactivity in each fraction was monitored.

Chromatography of the reaction mixture results‘in the separation
of 2 major peaks of radioactivity (Figure 9.2a). At the start of the
first peak there is a sharp increase in radioactivity in fractions
corresponding to the void volume of the column (fractions 15*19),
followed by a long shoulder of radiocactivity (fractions 20-35). The
second peak of radioactivity elutes in fractions 46 through 52. The
position of *2*I-carp GH in this profile was determined in two ways: by
determininé the fractions exhibiting the highest specific bindinq of
radioactivity to the antiserum generated against carp GH, and by
‘determining the chromatographical profile pf ‘cold' carp GH uﬁder
conditions identical to those used to fractionate the icdination
reacti;n mixture. Specific binding of radiocactivity to the antiserum>was
detected in fractions 16 through 40 (Figure 9.2a), with the highest

-

;pecitic binding occurring'in the fraction corrésponding to the shoulder

N . \
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of the first peak of radioactivity. Little or no specific binding was
detected in fractions from the second peak of radiocactivity (Figure
9.2a). The chromatographic profile of 'cold' carp GH was determined by
fractionating 300 ng of the carp GH standard on a 1 X 50 cm column of
Sephadex G-100, and measuring immunoreactive (ir) carp GH in 1 ml
fractions of the eluate using the RIA described below. Immunoreactive
carp GH was detected in fractions 16 through 32 (Figure 9.2b), with a
small peak of ir carp GH in fractions corresponding to the void volume
and a larger peak of ir carp GH occurring in fractions 24 thréugh 29.
This indicates that 'cold' carp GH elutes in a postion corresponding to
the first peak of radioactivity detected after chromatography of the
iodination reaction mixture. Notably, the largest peak of ir carp GH was
detected in fractions (Figure 9.2b) corresponding to the region of
radioactivity displaying the highest specific binding to the antiserum
(Figure 9.2a). Consequently, fractions from this région of the
chromatographic profile of the iodination reaction mixture were selected
as containing the greatest amount of ir 2%I-carp GH, and were pooled
for use in the RIA. The pooled fraction of *?*I-carp GH was stored at 4
. °C, and wds stable for up to 3 weeks under these conditions. )

The specific activity of the :2%I-carp GH prepared .in this manner
was determined by incubating various amount$ of the *2%I-carp GH with a
constant amount of antiserum (final dilution 1:81,000), and comparing ¢
the displacement curve obtained in this way to ;he displacement curve
obtained by incubating variogs amounts of carp GH standard with the
antiserum in the presencerof 10¢ cpm (0?0965 uCi) of 2sI-carp GH (van

Der Kraak, 1983]. The displacement curve produced by increasing

concentrations of :2*I-carp GH is parallel to the displacement curve

.

.

ar -
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produced byJQhe carp GH standard (Figure 9.3), with 0.065 uCi of
123T-carp GH corresponding to 0.26 ng of the carp GH standard.
Therefore, the specific activity of the !?3I-carp GH preparation was

calculated as 248 uCi per ug of carp GH.

RIA Protocol

The RIA protocol is similar to that described previously [Cook et
al., 1983]. The assay buffer consisted of 0.08 M sodium barbital
(pH=8.6) containing 0.5 % BSA. The RIA was performed using the antiserum
at a final dilution of 1:117,000, and with approximdtely 10¢ cpm of
123]-carp GH. Incubation tubes containing 100 ul of antiserum (initial
dilution of 1:52,000 in assay buffer, and containing normal rabbit serum
at a dilutiqn of 1:40) and 25 wl of standard (0 to 100 ng/ml) or sample
were incubated at 4 °C for 24 hours. Following this incubation, 100 ul

-

of 1:3I-carp GH appropriately diluted in the assay buffer was added to
each incubation tube. After an additional 24 hour incubation at 4 °C,
200 ul of goat anti-rabbit serum (Calbiochem) diluted 1:20 in a$say
buffer was added, and ‘the incubation continued for a final 24 hours. On
the fourth day, the tubes were centrifuged, the supernatant decanted,

and radioactivity in the pellets counted. Non-specific binding (NSB) of

the ghdioacitivity was determined as the amount of radioactivity

.contained in pellets of tubes incubated in the absence of antiserum, and

was similar to NSB measured in the presence of antiserum incubated with
an excess ofAFhe standard (< 10 % of fotal radioactivity Qriginally .
g{gsent). Speéitic‘binding of *3s3I-carp GH to antiserum incubated in tﬁe
abgence of standard was Forrected for NSB and represented approximately

213% of the rqdiéactivity originally preseht.

\



171

The minimum sensitivity of the RIA, defined as the minimum
concentration of the standard resulting in significant (p=0.01)

A

displacement of the specifically bound !?3I-carp GH from the antiserum
A )
[Reuter et al., 1978], was calculated as 0.625 ng GH/ml. The
conceptration of carp GH resulting in 50 % displacement of specifically
bound '2%I-carp GH was calculated as 9.74 t 0.69 ng/ml (mean t SEM;
n=7). Variability within the assay or between assays was determined by
measuring ir carp GH in serum samp1e§ 3 times in a single essay or in 3
separate assays, respectively. The within assay variapbility for serum
samples containing 4.43 and 55.1 ng ir GH/ml was calculated as a %
coefficient of variation (% CV) of 7.7 and 6.4, respectiyely; the
between assay variability for each sample was calculated as 8.5 and 7f§

A

.y
% CV, respectively. The intra- and inter-assay variabilities were within
4

acceptable limits, and were similar to variabilities described
previously [Cook et al., 1983]. . : ’

Assay Validation

The hormonal specificity of the antiserum was assessed by
evaluating the crossreactivity of various vertebrate pituitary hormone

preparations with the antiserum (Figure 9.4). Salmon (Oncorhynchus keta)

GH [Kawauchi et al., 1986], bovine GH (NIH-GH-B18), carp prolactin
[Yasuda et al., 1987], salmon prolactin [Yasuda et al., 1986], ovine
prolactin (Sigma Chemical Co., St. Louis MO), and carp gonadotropin
-[Peter"Et al., 1984] at concentrations up to 500 ng/ml do not show any
significant crossreactxvxty (<0.1 %) with the antlserum In contrést,

the displacement curve produced by a prevxously desoribed preparation of

carp GH [Cook et gl., 1983] is parallel to that of the newly purified
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carp GH standard curve; the poteny of’the carp GH preparation described
by Cook et al. [1983] in the present RIA was estimated by computer
analysis [Pekary, 1979] as 45 % of the carp GH standard.

The suitability of the RIA for measuring‘GH levels in goldfish
serum and homogenates of the goldfish pituitary gland was determined by
comparing displacement curves produced by serial dilutions of goldfish
serum and pituitary homogenates with the displacement curve produced by
the carp GH standard. Serial dilutions from fish injected with saline or
0.1 ug/g of mGnRH~A'§f;hqce displacement curves parallel to the carp GH
standard (Figure 9.5). Notably, serum obtained 7 days post-operation
from hypohysectomized goldfish resulted in displacement
inaistigquishable from the zero dose level, whereas serum from
sham-operated goldfish resulted in displacement parallel to the~carp GH
standard curve (Figure 9.6). Displacement by a homogenate of the
goldfish pituitary gland was also parallel to that éf the carp GH
standard curve (Figure 9.7). Serial dilutions of samples of perifusate
collected following perifusion of goldfish pituitary fragments {Chapter
2] also result in displacement curves parallel to.the carp GH st;ndard
curve (F;gure 9.@). These results suggest that the newly validated carp
GH RIA is specific for carp GH;like molecules, and indicate that the .
carp GH RIA is suitable for measuring serum ievels of GH in the
gdiéfiSh,’the GH content in homogenates of the goldfish pituitary gland,
and the GH levels in samples of medium collected during the in.vitro

o
incubation of the goldfish pituitary.
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Figure 9.1. Growth rates of female goldfish injectéd during the

treatment period with normal rabbit serum (open bars) or rabbit

anti-carp GH sgrum (hatched bars). The growth rates are expressed as the
% increase in body weight (top panel) or length (bottom panel) over each
of the 12 day pre-treéatment, treatment or post-treatment periods. Sam )le
sizes are indicated along the abscissa. Significant differences in Aﬂ‘
growth rate between the two groups are indicated (* p<0.l; ** p<0.05;"
*** p<0.01). L , .
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(ir) carp GH in 1 ml fractions collected following fractionatiofi of
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Figure 9.4. Displacement curves of wvarious vertebrate pituitary hormone
preparations in.the carp GH RIA.. Salmen prolactin (closed squares),’
salmon GH (closed $quares), ovine prolactin (closed squares), bovine GH
(closed squares), carp prolactin (closed trlangles),.and carp
gonadotropin (open triangles) displayed little or no cross reactivity
with the antiserum in the carp GH RIA. In contrast, the displacement
curve produced by a carp GH preparation (open circles) described
previously [Cook et al., 1983] was parallel to that of' the carp GH >
standard (open circles) used in the RIA. . , )
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@;@, 10. APPENDIX II
o SOMATOSTATIN RADIOIMMUNOASSAY
LE :

The‘immunoreactive somatostatin (irSRIF) content of extracts of
various goldfish tissues was measd?ed by radioimunoassay (RIA) using a
rabbit antiserum kindly provided by Dr. S.M. Sagar (Dept. of Neurology,
Harvard Medical School, Boston, MA 02114). The antiserum was generated
against synthetic ‘SRIF-14 and is similar in potency and hérmonal
specificity to an antiserum used previougly [Arnold et al., 1982] to
measure tissue levels ofvirSRIF in mammalian spécies [S. Sagar, personal

1

communication]. Synthetic SRIF-14 (Peninsula Laboratories, Belmont CA)
y
was used as the standard in this RIA, and the analog [Tyr?!]-SRIF-14

(Peninsula Laboratories) was used for iodination as described below.

Preparation of [!33I-Tyr!]-SRIF-14

[Tyr*)]-SRIF-14 was iodinated using a modification of the method
described by Patel and Reichlin [1978]. One mCi of Na-!2% in 50 ul of
0.5 M phogphate buffer (pH=7.4) was added to a conical vial containing 5
ug of [&yr‘]-SRIF—ld in 10 wul af 0.01 N HCl. The reaction was iritiated
by the additioh of 5 ug of Chloramine T in 5 ul of distilled water.
Following 30 sec of gentle agitation, the reaction was terminated by
dilution with the addition of 500 ul of 0.05 M phosphate buffer
containing 10 % bovine serum albumin (BSA). The reaction mixture was
~fractionated by gel filtration én al X 26 cm column of Sephadex G-25
(Pharmacia Chemicals, Dorval, Que). Prior to chromatography, the column
was washed with 2 ml of 0.1 N acetic acid‘contain§ng 5% BSAtfo prev&nt

adsorption of the labelled peptide to. the column. The elution buffer was

-
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§
0.1 N acetic acid contaiﬁing 0.1 % BSA. One ml fractions‘of the eluate
were collected using an automatic fracfion collector, and the
radiocactivity in each fraction was monitored: . | §

Three major peaks of radioactivity were separated during
chrqmatography of the iodination guxture (Figure 10.1). The first peak
elutes in the void volumg (fractions 12-15), and is composed primarily
of iodinated BSA [Patel and-Reicﬁlin, 1978]. The second peak (fractions
32-25) represents unreacted iodide, whereas ['2®I-Tyr!]-SRIF-14 elutes
as a broad peak fraom fractions 30 through 55 [Patel and Reichlin, 1978].
The presence of [!2?®*I-Tyr!]-SRIF-14 in the third peak was confirmed by
determining the relative amount‘of radioactivity in fractions from each
peék bound by an excess of “the antiserum (final dilution of antiserum =
1:250,000). Fracfions from the first and second peaks displayed little
or no binding to the antigerum (Figure 10.1). However, fractions in the
third peak displayed significant binding to the antiser&m, with the
highest binding occurring in the fractions (46-52) corresponding to the

shoulder of the third peak (Figure 10.1). Consequently, fractions from
this region of the third peak were selecged and pooled for use in the
RIA. Previous studies have shown that preparation of [I’SI—Ter]—SﬁIF-l4
in this manner results in the production of iodinated peptide with a
specific activity of approximately lOOO.uCi/ug pep;ide [Patel and
Reichlin, 19781. The pooled fraction of [1=5I—Tyrlj-SRIF-l4 was stored

_ undiluted at;é °C, and was usually stable for up to 4 weeKs under these

storage conditions.
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RIA Procedure o

The assay buffer (PBS) consisted of 0.1 M NaH,PO, (pH=7.4)
containing 0,01 M EDTA, 0.05 M NaCl, 0.02 % sodium azide, and O.l $ BSA.
The RIA was performed using the antiserum at a final dilution of
11500,000 and with approximately 10* cpm of [*23I-Tyr'®]-SRIF-14.
Iﬁcubation tubes containing 200 wl of antiserum (1:200,000 intialr

dilution in PBS containing normal rabbit serum at a dilutiom of 1:40),

\

200 ul of [*2*I-Tyr:]-SRIF-14 appropriately diluted in PBS, and 100 ul
of the standards (0 to 128 pg SRIF-14/tube) or 100 ul of appropriately
diluted tissue extracts were incubated at 4 °C for 24 hr. Following this
initial incubation, 200 ul of goat anti—rabbig.serum (Calbiochem, La
Jolla, CA) diluted 1:20 in PBS was added to each assay tube. After an
additional incubation at 4 °C, th® incubation tubes were centrifuged,
the Supe;natant decanted, and radioactivity in the pellets éounted.
Non-specific binding (NSB) of [*23]-Tyr!]-SRIF-14 was determined as the
amount of radioactivity present in pellets of tubes incubated in the
absence of antiserum; NSB determined in this way was similar to NSB -
measured in pellets of tubes containing aqtiserum incubated with an .
excess of the standard (<10 % of radioactivity originally present).

~ Specific binding of [:2%I-Tyr:)-SRIF-14 to the ant%gerum i® the absence
of the SRIF-i4 standard (corrected for NSB) was caisulated as % of the
total radioactivity originauly présent.-The final dilution of antiserum
used in the present RIA (1:560,000) resulted in specific blnding of

approximately 25 % of the [?2%I-Tyr!)-SRIP-14

Y
-
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Thé minimum sensitivity of the RIA, defined as the minimum
»

——

concentration of SRIF-14 resulting in significant (p=0.01) displacement
of the specifically bound [!?°I-Tyr®]-SRIF-14 \[Reuter et al., 1978], was
calculated as 2 pg SRIF-14/tube. The.concentration of SRiF-ld resulting
in 50 % displacement of the specifically bound [*2*I-Tyr!]-SRIF-14 was
calculated as 14.5 t 0.68 pg/tube (mean t+ SEM, n=8). Variabiiit¥ within
the assay or between assays was assessed by determining the irSﬁIF
content of tissue samples three times in a single assay or ;n three
separate assays, respectively. The within assay va;t;Lility for tissue
samples containing 165 or 467 pg irSRIF/ml was calculated as %
coefficient of variation (% GV) of 7.611 1.4 and 6.8 t 1.6 (XtSD),
respectively; the betweeh assay variability for eath sample was .
calculated as % CV of 14.6 and 8.2, respectively. These dﬁfra- and

inter-assay variabilgties were within acceptable limits and similar to

those reported previously for a SRIF RIA [Arnold et al., 1982]. t .

Assay Specificity

The hormonal specificity of the SRIF antiserum was tested by

o ./
evaluating the crossreactivity of various vertebrate peptides with the

-

‘antiserum (Figure 0.2). [Tyr!]-SRIF-14 and mammalian SRIF-28 displayed
signifiqant crossreactivity in gﬁfé RIA.iParallel line statistical
analysis [Pekary, 197;] of the displacement purves for these peptides
indicatad the slopes of inhibition were Rgrallel to that of SRIF-14. In
contrast, the other peptides f;sted (Figure 10.2) displayed no
crossreactivity with the antiserum'At~concentrations up to 12.8 ng/tube.
These resﬁlts ?ugqest that the antiserum is.specific for peptides very

Ay

similar in struciyre to SRIF-14. However, the observation thél mammaliap
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SRIF-28 also crossreacts with the antiserum indicates that longer SRIF®

peptides containing the SRIF-14 sequence would also be detected in the

\ ,
prégént RIA.

\\srevious studies in a variety of teleost species have demon&trated
-irSRIF in several tissues, including the brain, pituitary, pancreas a.d
intestine [Holmgren et al., 1982; Kah et al., 1982; Langer et al., 1979;
Olivereau g£ al., 1984; Vigh-Teichman et al., 1983]. Tﬁg suitability of
the present RIA for measuring'the irSRIF content in extracts of various
goldfish ti;sues was assessed by comparing the slopes of inhibition of
serial dilutions of t;§sue extracts with that of the SRIF-14 standard
using the statiﬁtical program ‘described by Pekary [1979]. Extracts of
the pituitary and various bra;n regions of the goldfish were prepared
using the proceduresAdescrgbed previously [Chapter 3]. SRIF-14 like
immunoreactivity was detected in extracts of the_pituitary gland (Figure
10.3) and brain areas (Figure 10.4); the slopes  of inhibitien of serial
dilutions of these extracts were pafallel to that of the SRIF-14
standard. Extr#cts of the anterior portion of the small intestine,
hepato-pancreatic tissue (liver containing pancreatic tissue), ovary,
and muscle of the goldfish were also prepared by processing 5 to 10 mg
wet weight of these tiséﬁes using the extraction procedure described for
brain tissue [Chapter 3]. irSRIF was detected in extracts of ih;
goldfish intestine and hepato-pancreatic tissue (Figure 10.5){ the
slopes of inhibition of these extracts were parallel to the SRIP-14
gtandard curve. In contrast, irSRIF was not detected in extracts of the

éoldfish ovary or muscle. The demonstration of parallelism betwean''

P

serial dilutions of the tissue-extiacts and the SRIF-14 standard curve

indicates that the present RIA is suitable for the measurement of LirSRIF



content in extracts of the goldfish pituitary, brain, intestine and
pancreas. .
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Figure 10.1. Profile of radioactivity (open squares) following -
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Figure 10.2. Displacement curves of various‘synthetic vertebrate:’
peptides in the SRIF RIA. Abbreviations: SRIF - somatostatin; GnRH -
gonadotropin releasing hormone; sGnRH - salmon GnRH; mGnRH - mammalian
GnRH; DbGnRH - chicken GnRH; aMSH - d melanocyte sfimulating hormone; TRH
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