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‘ ABSTRACT

a

: The dopawmine receptor in the goldfish (Carassius auratug) pituitary

-

and 1{ts Involvement with inhibition of gonadotropin (GtH) and o
-melanocyte stimulgting h‘rmone (& -MSH) fele?se was studied.
Dopamine antagonists were injected {.p. into goldfish; sulpiride

caugsed a weak, but sighificant stereoselective increase 1in serum

~

v

q .
concentrations of GtH; domperidone was far mwore potent than sulpiride.

Domperidone; in a dose-related manner, increased serum concentrationg of
. : .
- :

GtH; domperidone action and pituitary uptake of domperidone were

tempofally correlated. A gonadotropin releasing .hormone-analogue

TeN
v

(sGnRH-A) increased serum concentrations» of GtH 1in a doge-related
man;;r; sGnRH-A and doomperidone acted synergisticaliy to increase GtH
release. . E’ j -

In vitro dopamine, in a dése‘related manner; inhibited spontaneous

GtH and &« -MSH release from superfused frdﬁments of pars distalis (PD)

and neurointermediate lobe (NIL), respectively; dopamine also . inhibjted

Pl

sGnRH-A stimulation of GtH releape: Thyrot;opin‘releasing—hormone (TRH),

in a dose-related manner{nstimulated & -MSH release from NIL fragments;
dopamine inhipitea TRH action. The stereoisomers of apomorphine were
equivalent in inhibiting GtH®and o« -MSH release from fragments treated

with releasing factors. Domperidone, 1in . a dose-related manner,
- ~ N
aqtagénized dopamine action. ’
. . o . . .
[3H]—Spiperone was used to radiolabel the goldfish pituitary

4

dopémine réceptdr in vitro. AThe‘binding nof [3H]-spiperene haﬁ the
characteristics of a. receptor: tisSué-specificity, depeﬁdence on tissue
quantity, feGers{bility, saturability, displaceability, specificity of
‘binding with varioys drug; and a correlation of binding with biological

.. 'fﬁ '

v

» 0

- ’



»

effects were . demonstrated. This 1s a low-affinity, high-capacity

receptor which does not show binding stereoselectivity for apomorphine;
4

dOmperiaone binds avidly to this receptor. The NIL contains

“significantly greater numbers of this receptor compared to the PD.

L4 :
The maximum magnitude of the serum GtH response to domperidone
. -( R .
varied seasonally; the largest response occurred during advanced ‘stages

of se;sonal gonadal developmenpt, Multiple 1.p. fnjeftions of anRH;A
into goldeshncaused-large chr;nic increases in serum concentration of
GtH; sGnRH-A increased the‘maximum serunm GtH response to domperidone by
4 fold, accompanied by a significant increase 1in the number of PD _

o~

dopamine receptors. .

. In summary, the goldfish pituitary dopamine/neuroleptic recept&r is
a low-affinity, high-capacity binding site with differential regional
distribution in the pituitaryx Increésed GtH relgase responges to
dopamine ligands lé.zizg were positively related to PD receptor numbers.

We propose that this receptor mediates dobamine inhibit{ég“of GtH and <«

-MSH release from the goldfish pituitary gland.

-
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[. GENERAL INTRODUCTION

GConadotroptn (Gt radease from  the pltuftary ot many teleost
tishes ta largely regulated by ponadotroptn releasing-lLormone (GnRH) and
dopamine acting as neurohormones; noradrgnalln has  a direct but winor
stimulatory ettect on GtH release fo the goldtish (tor review sce Peter,
Chang, Nahorufak et al., 1986 ). Teleosts, }n contrast to most other
vertebrates, lack a tunctional hypothalamo-hypophyseal blood portal
system; neurosecretory tibres orl‘ﬁinuting trom the hvpothalamus Jdirectly

»
fnnervate  varlous cell. types in the pars distalils (PD) and
1
neurofntermediate lobe (NIL) (Ball, 1981). In goldtish, gonadotrophs in
the PD are directly tnnervated by neurons contalning GoRH (Kah, Bretono,

v

Dulka et al., 198%a) and by neurons contalning dopamine (Kah, Dubourg,

Ontenfente et al., 1980b); melanotroph cells in the NIL are also

’

directly innervated by dopamine neurons (Kah, et g}., 1986b) (for a
review of vertebrate neurohormonal systems see Peter, 1986). In
goldfish, the distribution of ¢GnRH cell bodies and neural pathways in
the brain have been investigated using immunocytochemical techniques;
*
GnRH cell bodies in the lateral preoptic region are associated with GnRH
neural pathways that run through the ventral hypothalamus and the
pituitary stalk to terminate in the proximal PD (Kah, Chambolle, Dubourg
\ .
& Dubois, 1984a; Kah, Breton, Dulka 35»31., 1986b). The GnRH contents of
various Srain regidns and the pituitary in female goléfish, at wvarious
sexual stages, have been described by 1mmunochemical wmethods (Yu,
Naho{niak, Peter et al., 1987). GnRH acts directly on the'gonadotrophs
to stimulate GtH release, and Habibl, Van der Loo, Marchant & Peter

- (1987a) suggest that GnRH action 1s mediated by a high-affinity GnRH

receptor.



L N
Peter &  Paulencu  (1980) .*;uy,gt'ﬁ((‘d.(hv existence ot a4 GtH
n-lv;mv~1nhlhi(orv tactor (GRIF) {n the poldtish brain based on  thelrc
data trom  hratn  lestoning experiments. Immunocytochemical technliques
have demonstrated dopamfnerglic cells (o the antero-ventral preoptic area

with projections that  course through the vent rd hypothalamus to the
pltuitary ot the goldtish (Kah, ‘(?hambolle, Thibault & Geftard, 1984b).
S(u&ile by Chang indficated that ot the uneurotransmitters tested only
dopamine posse - 4 GRIF-activity (for review see Peter et fi_l., 1‘;86). I.n
temale goldtish, various steps {n the catecholamine blosynthetic pathway
were selectively hlocked by 1.p. injection of specific drugs. In
general, serum concentrations of GtH were increased In goldfish {njected
wi(hx\i\rugs which inhibited dopamine synthesis or {increased dopamine
metabolism; drugs which {ncreased dopamine syntheslis or decreased
dopamine wmetabolism lowered serum concentratlions of. GtH (Chang, Cook &
Peter,'1983). Injection of dopamine and apomorphine decreased serum
concenrrations of GtH 1In normal female goldfish and depressed the
elevated clirculating levels of GtH in goldfisﬂ with electrolytic lesions

in the preoptic area (Chang & Peter, 1983a). Dopamine, apomorphine and

bromocryptine, injected 1.p., also Inhibited the GtH-releasing ability

S

. of a GnRH analogue; whereas, pimozide and metoclopramide increased serum

- i

concentrations of GtH and I'potentiated the action of a GnRH analogue
(Chang, Petery Nahorniak & Sokolowska, 1984). Non-dopaminergic agents
guch as phentolaming, an & -adrenergic aniagonist, propranolol, a
’-adrenergic antagonist, and octopamine, a sympathomimetic were
ineffective in altering serum concentrations of EtH or GnRH ;nalogue

action. On the basis of these data Gh;ng et al. (1984) suggested that

dopamine inhibits GtH release in goldfish by acting through a¢ dopamine



D72 like receptor. Dopanine lnhlhltlon. ot GtH release  has  now  been
demonstrated tn vivo in a  wide number  of teleost specles by {.p.
Injectlon of specttic dopamine receptor antagoaists such as plwmozide and
dompertdone . Pimozide was used by Chang and Peter (1983b) us‘well as by
Peter | Nahorntak, Sokolowska et al. (19895) to antagonfze the actions ot
endogenous dopamine and (hervhy potentlate GnRH actlon. Since these
:st(u“o‘s, numerous  tindlags regardlkg dopamine fnhtbit ton of (;LH.
secretlon {n varfous other teleost species have appeared; examples
Include two specles ot Atrican cattfishes (Deleeuw, Resink, Rooyakkers &
Goos, 1989, Deleeuw, Goos & van Oordt, 1986), coho salmon (Van der
Kraak, Donaldson & Chang, 1986), the commonAcarp (Billiard, Alagarswami,
Peter & Breton, 198}), and numerous oriental freshwater cyprinids and

cobttids (for review see Peter, Lin & Van der Kraak, 1987). Dopamine

fuhibition of GtH release from the goldfish pituitary in vitro has been

demonstrated. Fragments of goldfish PD and enzymatically dispersed PD
cells released GtH spontaneously in vitro, and a GuoRH analogue
stimulated GtH telease; dopamine (500 nM) modulated spontaneous GtH
release and aboli{shed the GtH-releasing acfivity of the GnRH analogue
(Chang, MacKenzie, Gould & Peter, 1984b). Fitting with the suggestion
that GRIF originates in the antero-ve;tral preoptic region of the brain
in gdldfish (Peter & Paulencu, 1980), Kah et al. (1984b) demonstrated a
dopaminergic nucleus in th1§ location and a dopaminergic pathway to the
pituitary by iwmmunocytochemical methods 1in the goldfish. More £gcent
evidence indicates that electrolytic lesions placed in the anterior
preoptic area of the goldfish brain destroyed local catecholaminergic
nuclei and resulted in degeneration of neural fibres, ipmunopositive to
.

tyrosine hydroxylase, that innervated the pars distalis, in particular
~



the gonadotrophs; similar {mmunopositive fibres in the neurointermediate
lobe appeared unaftected (Kah, Dulka, Dubourg et al., 1987).
Ac?lmpanying these aftects w;re increased exocytotic.profiles observed
in the”gonadotrophs and large {increases In sefum concent;ations of CtH
(Kah et al., 1987 ).

In contrast to teleosts,. the role of dopamine in regulation of
luteinizing hormone (LH) release 1in mammals 1is still wunresolved.
Considerable evidence suggests that dopamine does not directly affect LH
secretion in the rat (for review see Barracloggh, Wise & Selmanoff,

1984 ) but does favour an indirect stimulatory role for dopamine on LH

release vié actions at the hypothalamic level (Kalra & Kalra, 1983;

Kalra, 1986). Nonetheless, there is evidence which indicates a direct

inh}bitory role of d;pamine on LH rglease in rabbits (Dailey, Tsou,

Tindal & Neill, 1978), rats (éicoletti, Ambrosi, Giammartino et éi.,\
1986; Shaban & Terranova, 1986), uand humans (Leblanc, Lachelin,

Abu-Fadil & Yen, 1978).

The rzt;“ﬁf dopamine in regulation of release of some other
mammalian pit;itary hormones is clearly defined.\For example dopami;e,
released from the hypothalamus and transpotfted = via  the
hypothalamo—hypophyséal portal system to the pitultary, 1qteracta with
dopamine D2 receptors on lactotrophs of the anterior pituitary and
melanotrophs of the 'intermediate lobe to 1inhibit the release of
prolactin (Cro&&n,k\l982) and &-MSH (Cote, Eskay, Frey et al., 1982)
respectively. In teleosts, dopamine has also been implicated a8 an
inhibitor of prolactin (for review see Peter & Fryer, 1983) and «&MSH

<

(Olivereau, 1978; Olivereau, Olivereau & Lambert, 1987) release.



&

Cong%quenzly, in light of the i{importance of dopamine in regulatidn
ot GtH secretion and reproduction {n goldfi.sh? the purpose of this
{nvestigation was to examine the existence and nature of the géldfish
pit;ltary dopamine receptor with respect to regulation of GtH, as well
as &-MSH, release. The major findings fu this thesis are arranged into 4
main chapt;rs. The first of these chapters deals with in vivo studies of
the receptor specificity of dopamine inhibition ofy GtH release, the
second chapter describes in vitro findings of the receptor specificity
of dopaminé inhibition of GiH and a-MSH release, the third chapter
outlines the binding parameters of the goldfish pltuitary dopamine/
neuroleptic receptor, and the fourth chapter addresses the concept of
seasonal changes 1in dopamine inhibition ¢pf GtH release and the
{integkation of GnRH and dopamine action in regulation of GtH release.
The GtH 351ués in this study were deteagined by a .radloimmunoassay
based on a carp GtH standard, kindly supplied by B. Breton, as describeé
b& Peter, Nahorniak, Chang & Crim (1984); a&MSH was measured by a

radioimmunoassay based on a synthetic a-MSH standafd, kindly supplied by

H. Vaudry, as described by Vaudry, Tonon, Delarue et al. (1978).

KN
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IT. In vivo evaluation of dopamine receptor-mediated inhibition of
gonadotropin secretion from the pituitary of the goldfish.

~

INTRODUCTION g

There s evidence that dopamine acts directly as an endogenous
inﬁibitor of gonadotropic hormone (GtH) secretion in a wide variety of
teleost fishes (for review see Peter, Chang, Nahorniak et al. 1986). of
the endogenous catecholamines, only dopamine appears to inhibit directly

the spontaneous and releasing factor stimulated release of GtH in vivo

(Chang, Cook & Peter,1983; Chang & Peter, 1983a;. Chang, Peter, Nahorniak
’ T .
& Sokolowské;ﬁ‘1984b) and 1in vitro ¢Chang, MacKenzie, Gould & Peter,

——

1984b)/in the goldfish. ~

In contrast to teleosts, {he role of dopamine 1in regulating
luteinizing hormone (LH) seéretion in mammal has not been completely
resolved. Evidence exists for dopamine inhibifton of LH secretion in
rabbits (Déiley, Tsou, Tindall & Neill, 1978) and man (Leblanc,
Lachelin, Abu—%adil & Yen,.1976) whereas in the rat the.bulk of evidencé
suggééfs a lack of direct dopawmine influence on LH secretion (for
review see; Barraclough, Wise & Selmanoff, 1984) or a potentiélly
indirect stimulatory roie of dopaﬁine on LH release (for review see
Kalra & Kalra; 1983). In-many respects the bA-mediated inhibition of GtH
secretion in goldfish 1is reminigscent of dopamine D2 receptor-mediated
inhi§ition of prolactin release in the rat (McDonald, Sibley, Kilpatrick
& Caron, 1984); specific dopamine D2 antagonists 1ngrease the release of

AN

prolactin and GtH inbthe rat and goldfish, respectively.

A version of this chapter has béen published: Owel jamiuk, R.J., Shih,

S.H. & Peter, R.E. 1987. Journal of Endocrinology 114, 449-458. °

10
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As dopamine appears to play an important role in the regulation. of
GtH secretion in goldffsh, and hence 1ts sexual status, the B%rpose of
this study was to 1Investigate further the. receptor specifiéity of
dopamine 1inhibition of GtH secretion and to define the use of
domperidone, a hiéh—affinity specific dopamine D2 receptdr antagonist
(Baudry,'Martres & Séhwaftz, 1979), to manipulate goldfish pituic%ry

~

function. . [

-t
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MATERIALS AND METHODS

Experimental animals:

~

Male and female common or comet variety goldfish (Carassius

12

auratus; approximatgiy 26 g, 10-12.5 cm) were obtained from Grassyforks

O

fisheries Co., Martiasville, 1IN, U.S.A. or from Ozark Fisheries,
Stoutland, MI, U.S.A. Fish were maintained for several weeks 1in
flow-through aquaria at controlled + 1 0C) ambient températq}es (7-19
0C, annual range) with simulated natural photoperiod, and were fed.twiée
daily with commercial trout food. Before an experiment, fi;h were
acclimated at 12 °C and a 16 h photoperiod, and fed twice daily for 7-10
o
days. The day preceding an experiment, fish were anaesthetizéd in
tricaine methanesulphonate (0.5 g/l), weighed and< 1&entif1ed by an
opercular tag (No. 1005 Size 1 wmonel; NationalkBahd and Tag Co.,
Newport, KY, U.S.A.). In all cases, animal; were anaesthetized beforg
any handling. At the end of all experiments, fish were anaesthetized and

killed by spinal transection just posterior to the medulla oblongata.

~

Drug treatmerss :

A. Stereospeci%&pit of serum GtH response to dopamine antagonists

(3eptember, 1985). a : y
' ? v
Fe M i :
Goldfish were giver a single i.p. 1injection of vehicle (control

-

fish), (+); or (-=)-sulpiride (Ravizz

‘

.a., Milan Italy), or
L 4

_domperidone (Janssen Pharmaceutica, Beerse, . Belgium). Dopamine

antagonists were dissolved in dimethyl sulfoxide (DHSO;_ Sigma, St.

?

Louis, MO, U.S.A.) then diluted to final injection concenEration “with

.



o

o

propylene glycol, and 1injected in " a vehicle of DMSO:propylene glycol
(1:9, v/v) at a rate of 5 ml/kg body weight using a 21 gauge (g) 37 mp

needle on a 250 ul Hamilton glass syringe. Blood samples were collected

r

24 h after injection by puncture of caudal vessels using a 25g 16 oo

needle mounted on a ﬁ.o—ml tuberculin syringe. Collected blood was
|
transferred to 1.5-ml polypropylene centrifuge tuﬁes, kept on ice for
- \
several hours, and centrifuged at approximately 13000g X 10 min at 4 °c.

\ "

Collected serum was transferred to 500 ul polypropylene centrifuge
- d >
tubed, frozen on dry ice and storell at -20 OC until radioimmunocassay for

GtH (Peter, Nahorniak, Chang & Crim, 1984).

B. Effect of various DA antagonists on serum GtH levels in the absence

7, Leu8, Prog—N—ethylamide]—LﬂRH (sGnRH~A)

(October, 1985). >

or presence of [D—Arg6, Trp

Goldfish were {njected i.b. with vehicle {control fish), or
sGnRH-A, or DA-antagonists in the absence or presegce ofy sGnRH-A (kindly
supplied by J. Rivier and W. Vale, Salk Institute, La Jolla, CA, U.S.A).
Dopapine antagonists were dissolved in DMSO; anRH;A was dissolved in

distilled water and then botﬁ were diluted to final concentration for

injection (dopaﬁine antagonists at .10 umol/kg.body weight; sGnRH-A at 10

ug/kg body weight) independently or together, in a vehicle of

DMSO: propylene glycol:distilled water (9:81:10) v/v) in a total /volume
of 5 ml/kg body weight. Dopamine antagonists thaé were tested included
domperidone, qpiperone, pimozide: < (Janssen Pharmaceutica),
.cis—flupenthixol (H. Lundbeck & Co., Valb¥, Denmark), fluéhenazine
(Schering Corporation, Bloowfield, NJ, U.S.A.), and_ metoclopramide

(Sigma). Blood was collected 24 h after injection and asséyea for GtH.

13
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~

3
C. Time course of "H-radioactivity uptake into blood, pituitary, gonad,

.

and brain after i.p. injection of [BH]—domperidone (March, 1986).

A

Goldfish received a single 20 wul 1.p. 1injection, containing

approximately 1.5 uCi [3H]~domperidone (New England - Nucledr, (NEN)

&

Bostod, MA, U.S.A.; 30.6 Ci/mmol) and 800 nmol'uﬁlabelled domperidone in

a vehicle of DMSO:propyl;ze glycol (1:2, v/v) (using a 27g 13 om needle
mounted on! a 1.0-ml tuberculin sgyringe 1in a Hamilton repeating

4

dispenser). Samples of blood were taken from groups of fish.at various
s

times after injection. The . fish were then killed  and the pituiltary,

vholéﬁhrain; portions of gonads, and aliquots of whole blood collected .

“and processed for liquid scintillation counting (LSC). All samples were

-

digested with a combination of 1.0 ml Prqtosol (NEN) anrd 200 wul

: k)
distilled water, according to the wanufacturer's insgtructions, in sealed
‘

glass scintillation vials at 50 °c for 3 days. Blood, gonad and brain:

samples were subsequently decolourized,Awith.ZOO ul aliquots of 8 20 X%

(wt/v) benzoyl peroxide (BDH Chemicals Canada, Edmonton, AL, Canada)

solution in toluene, according to .the manufacturer's instructions. All’

samples were counted in 10 ol of a toluene-based LSC cocktail gﬁg. »

correction was made for variation in counting efficiency due to

quenching. Separate pools of pitultaries taken at & and 24 h a{ter

injection, whole blood from each sampling time between 3 and 95 h after

injection, ango injectable material were extracted in chloroform and

methanol (9:1, v/v) and chromatographically evaluated by thin layer

chromatography (TLC) on silica gel G TLC-plates (Fisher, Ottawa, Canada) .

in a solvent system of chloroform:methanol (9:1, V/v). Tissue

radioactivity was expresaed as radtoagtivity per g of tissue normalizqd
- M &: - ) . .
for a 100 g fish. . Lo

. : : : D - .



Time-course ot serum GtH-response to domperidone (June, 1985).

‘ Fish recefived a stagle {njectton ot vehicle  (control tish),
¢ >

Ll ™
2 A 6 9
~ domperidone (16.8 umol/kg body welght), [D-Ala , Pro ~N-ethylamide] -LHRH

(LHRH-A; syndel Laboratories, Vancouver, BC, Canada) (100 ug/kg  body
welght ), or a4 combination ot dowmper{done and LHRH-A. Dowperidone and
LHRH-A were prepared tor {njection as described fn Experiment 2. Blood
samples were taken  from all  fish at 3 and 48 h  atter injection. To

k3

reduce potential handling-related stress additional blood sawples were
»

taken from one group ot fish at 12 and 24 h after Injection, while

another group was sampled at 6, 18 and 30 h atter injection.

E. Effect of dose of domperidone on serum concentratfons of GtH (July,

19895) .

Domperidone at a given dosage, with or without sGuRH-A (10 ug/kg

tppdy weight), was prepared as described {n Experimept 2 and Injected
{.p. Blood samples were collected 24 h after inj!;@‘pn.

F. Effect af dose of sGnRH-A on serum concentrations of GtH (July,

1985).

Fish were given a single i.p. injection of vehicle or sGaRH-A at a
glven dosage, with or without domperidone (5 umol/kg body weight),
prepared as described in g&periment 2. Blood samples-were collectd 24 h

)
- after injections

Statistics:

.



ranye

Data were analysed by analysis

test . Comparisons were made at

ot

t he

variance

and

p=0.05 level

Duncan’s  woultiple

ot stpalticance.
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RESULTS

A. Stercospeciticity of the serum GUH response to dopamine antagonlsts .

Domperidone at a4 dosage ot 10 umol/kg body weight increased serum

concentrations ot GtH to over 200 ng/ml (Figure I[I-1). (-)-Sulpiride-

caused a signtticant Increase in serum concentratlons of GtH  compared
with vehfcle-injected tish at dosages of 10 and 50 umol/kg body weight;
(#)-sulpirtde between 1 and 50 umol/kg body Veight was Ineffective |[n

increasing serum concentrations of GtH.

B. Etfect of varifous DA antagonists on serum GtH levels in the absence
A d

6 7 8 9
or presence ot [D-Arg , Trp , Leu , Pro —N»ethslamide]~LHRH (sGnRH-A)

(October, 1989).
;

Of the dopamine antagonists administere without sGnRH-A, only

4
domperidone and plwmozide sign{ficantly increased serum concentrations of
GtH above controls; domperidone was significantly more effective than

.

pimozide {n increasing serum concentrations of GtH (Flgure‘II—Z). The
0
dopamine antagonists fiuphenazine, metoclopramide, pimozide and
domperidone given 1in combination with sGnRH-A caused significantly
higher serum concentrations of GtH than sGnRH-A alone, or the respective
antagonists alone; antagontist aétlvity at the dose tested, Iin terms of
ability to potentiate the action of sGnRH-A was wmetoclopramide =
fluphenazine < plwozide = domperidone. There were no significant
differences in the mean serum concentrations of GtH between fish treated

with sGnRH-A alone compared with the fish treated with sGnRH-A plus

spiperone and cis-flupenthixol. o



. 3

C. Time course of "H-radioactivity upta fnto blood, pituftary, gonad,
i 3

and brain after {.p. injection of [ H]-domperidone (March, 1986).

-

s

~

3 . ) ‘ .
[ H])-Radioactivity in blood samples Increased rapldly following

injection of [3H]—d0mperidone with maximal lévels of about 32000 dpm/g
occurring 6 h after injection: (Figure 1II1-3). Blood radioactivity
decreased slowly thereafter to about 4000 dpw/g at 96 h after injection
(Figure II-3). Accuwmulation of radloactivity in whole bralin sampled was
relatively low; maximum brain radioactivity qf about 3000 cpm/g cccurred

at 12 h after {injection. In contrast to brain samples, pituitary

radioactivity Increased rapidly after injection of [3H]—domper1done, to

N

N\
maximum levels exceeding 140,000 dpwm/g at 24 h after 1injection.
[BH]~Radloactivlty in the not exceed 29 7 of blood

radioactivity at any s I1-1). On the other hand,

gonadal radioactivi was generally similar to or exceeded blood
radioactivity. Of ‘particular 1intereast, pituitary radioactivity was
consistently higher‘ than blood or gonad . radioactivity at allv sample
times starting at 12 h after injection. Thin layer ghromatography of
pituitary extracts taken at 6 and éé h after injection revealed a single
4
ma jor peak of [3H]—ra&ioactivity indistinguishable from the 1injectable
preparation of [3H]-domperidone. Radioaétivlty from whole blood samples

taken between-3 and 95 h after injection was also indistinguishable from

the injectable [3H]-domperidone preparation (data not shown).
‘D. Time course of serum GtH-response to domperidone (June, 1985).

Serum concentrations of GtH in fish injected with vehicle did sot
vary significantly over the 48 h following injection (Figure II-4).

Domperidone caused a significant 1ncHSaae in serum concentrations of

<P °



GtH, compared with those in vehicle—iﬁjected fish, at 3, 24, 30, anq 48
h after fnjection. Serum concentrations of GtH in fish injected with
LHRH~A were significantly greater‘ than {n vehicle 1injected fish at 3,
12, 18, 24, 30 énd 48} h aftar injection. Injection of dowperidone plus
LHRH-A caused a significant increas in serum concentrations of GtH at

v .

all sample E}mes compared. with vehicle—injected controis; the
\ -

19

combinanfbn /of domperidone plus LHRH-A caused higher serum

concentrations of GtH than in fish injected with only LHRH-A and at all

sample times compared with fish injected only with domperidone.

. A
E. Effect of dose of domperidone on. serum concentrati&hs of GtH (July,

1985). - °

- R

Domperidone given-alone caQsed an increase in serum concentrations
of GtH in a dose-related fashion (Figure 1II-5). The minimum effective
dose of domperidone i{n this experiment was 0.55 umol/kg Sody weight; the
maximum effective dose was 16.8 “QOI/kS»:§°dy welght. Domperidone
potentiated the action of sGnRH-A in a complex dose-related fashiogj the
minimum domperidone dosage for potentiation of anRH—A‘aquon was O?Ql7
ﬂmo%/kg body weight. Thte apparent amount of potentiation ofu:ngﬁh—A
action by domperidone was constant between 0.017 and 1.68 umol/kg body
3
geight; howevg;}Vat {6.8 umol/kg body weight, domperidone elicited an

<

even greater potentiation of sGnRH-A  action, inducing serum

concentrations of GtH of approximately 800 ng/ml.

F. Effect of dose of sGnRH-A on serum concentrations of GtH (July,

!
1985).



/-'-.

sGnRH~-A" given alone increased serum coucentrations of GtH in a

K

dose-related fashion (Figure .1I-6). In this experiment .the lowest dosage

of sGnRH-A effective 1in causing a significant 1increase In serum

N

concentrations of GtH was 100 ug/kg body weight. The highest serum

concentrations of GtH were approximately 290 ng/wl {in response to

-
L4

sGnRH-A (1 mg/kg body weight) in the absence or in the preseunce of

|
domperidone (5 umo}ﬂs/kg body weight). Dowperidone alone caused a

20

relatively small, but significant, increase in serum concentrations of

GtH. Dompgridone pqtentiated the action of sGnRH-A at dosages from 3.3 -

330 ug/kg body weight, but not at a dosage of 1000 ug/kg body weight.



DISCUSSION

“ Recent findings indicate - that dopamine directly modulates the
spoq&aneous release ;f GtH as well as GnRH—stimq}ated GtH secretion 1in
goldfish and other teleosts (reviewed by Peter et al., 1986). The
purpose of this research was to evaluate the receptor specificity of
dopaming inhibition of GtH secreti.u in goldfish.

L
Currently, a widely accepted classificatiqn for dopamine receptors

proposes the existence of two general types, DI and D2 (Leff & Creese,
1984). The dopamine D1 receptor is insensitive to substituted benzawides
whereas the dopamine D2 receptor is very sensitive to substituted
benzamides, and can discriminate between the active and 1inactive
stereoisomers (-)- and (+)-sulpiride, respectively (Grigoriadis &
Seeman, 1984). It has been demonstrated using mammalian pituitary tissue
that the dopamine receptor mediating the inhibition of secretion of
prolactin and thyrotrophin (Foord, Pdters, Dieguez et al., 1983), and «
—mglanocyte stimulatiﬁg hormope (reviewed by Cote, Eskay, Frey et al.,
1982) is the dcpamine D2 receptor. In this study (+)-sulpiride was
ineffective in changing serum concentrations of GtH  whereas
(-)—-sulpiride significantly elevated serum concentratioﬁs of GtH, But t;
a lesser extent than a small dose of domperidgne. These results indicate
the involvement of a pituitary dopamine D2 receptor in dép;h{ne

inhibition of GtH Secretion in goldfish.

~ Chang et al. (1983) suggested that dopamine is involved 1in

}ﬁt%?iting GtH release in goldfish. Female goldfish were injected with

8



drugs which blocked selected steps in the catecholamine biosynthetic
pathway. Drugs which increased dopamine synthesis or decreased dopamine
metaboliswm lo@éred serum concentrations of GtH whereas drugs which
inhibited dopamine synthesis or promotéd‘ dopamine wetabolisam raised
serum concentrations of GtH. Chang et al. (1984b) subsequently
demonstrated that i.p. injection of the dopamine agonisfs apomorphine or
bromocryptine inhibited the GtH-releasing ability of an LHRH-analogue
whereas the dopamine antagonists _ pimozide and metoclopfé;;dé increased
serum concentrations of GtH and potantiated ‘the acfion of an
~ \

LHRH-analogue. Phentolamine (an & -adrenergic antagonist) propranol (a

p-adrenergic antagonist) and octopamine (a sympathowmimeti{c) had no
( a .

effect on serum codcentrations of GtH or on the action of . an
. \\ -

LHRH-analdgue. Chang et al. (1984b) concluded that the inhibition of GtH

\
A

secretion in goidfish may be mediated by a dopamine DZ-like>receptor.

In the present work representative drugs of dopamine antagonist
families were exanined for their ébility to increase serum
concentrations of GtH and pOténtiate the action of éGnRH—A in goldfish;
apecificélly, the drugs investigated - were the buty;opﬁenone spi?etone,
‘ the phenothiazine fluphenazine, the thioxanthene cis—fiuﬁenthixol, the
substituted benzamide . metoclopramide, the diphenylchylpiperidine
pimozide, and domperidone, whi;h-belSngs 'to no established family. The
present dose of dopgbine antagonist }19 umol/kg BW) 18 similar to the
doses of pimozide (0.1 to' 10 ug/g BW) prev10us}y used (for review see
Peter et 31.{ 1986). When ‘adwinistered alone only pimozide and

domperidone significsmtly increased serum concentrations of GtH above

those of vehicle-injected fish; serum concentrations of GtH in

domperidone-injected fish were significantly greater than those of

1

~%



plmozide-injected fish. Metoclopramide, fluphenazine, pimozide and
domperidg%e all potentlated the action of sGnRH-A, althouéh plmozide and
domperidone were more potent. In preliminary studies, suspensions of
dimo;ide, splperone, haloperidol or apomorphine were Iinjected (10 ug/g
BW) injected alone or in combination with a GnRH analogue Into goldfish
to compare their effects on serum concentrations of GtH and their
effects on GnRH-analogue action. Both pimozide and spiperone elevated
serum concentrations of GtH while they and haloperidol potentiated the
actlon of a GnRH-analogue; apomorphine reversed spiperone action (these
data are more coﬁpletely described in Appendix I-A). Interpretation of
these data {s limited as the drugs tested had different solubilities 1in
the injection vehicle and were not administered on a molar equivalent
per body mass dose. An example of the difficulty of comparing the
effects of drugs when adwinistered 1in. suspension is {illustrated by
another study 1in which goldfish were 1injected 1.p.' with pimszide in
suspension or domperidone in solution (MW 436 and 542, respectively) at
10 ug/g BW in the absence or presence of a\GnRH-aﬁalogue. In this -study
domperidone was 3 to 6 times mqra potent thah pimozide in potentlatinﬁ
GnRH;ahalogue action (these data are more completely described in
Appendix I-B). In contrast, when these ligands were administered  in
»

solution at equivalent molar doses, their effects on sGnRH-A action were

- . i
similar. 8 ’ ’
\

- ' g . .-
The ability of dopamine antagonists to interact with the dopamine
D2 receptor has bgen studied largely in vitro using mammalian brain and
pituitary preparations. The potency of these dopamine antagonists 1is

reflected in their 50 X effective doses (ED as determined by their

: 507
ability .to displace [3H]-sp@perone from 1incubated striatal tissue

4
aQ ' 14
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preparations (reviewed by Seeman, 1981). The rank order of potency qf
these dopamine antagonists as assessed by this in vitro technique {is:
spiperbne > domperidone >> fluphenazine > pimozide > cis-flupenthixol >>
metoclopramide. Domperidone is the most specific high-affinity dopamine
D2 antagonist ygt spiperone and fluphenazine are also high™ affinity
specific reéeptor antagonists; however, at high, concentrations spiperone
may interact with serotonin receptors. Metoclopramide ang pimozide are
both relati;ely stlective but low-affinity dopamine antagonists; at high
concentrations pimozide may 1n£:ract with & -adrenergic receptors as

well as with calmodulin. Cis—flupenth}xol interacts to a greater extent

with dopawmine D1 rather than dopamine D2 receptors.

¥

Tﬁe results of this lnvestigation, using a single low dose of
dopamine antagonist, provide information on the rank order of activity
of these drugs on serum GtH release in goldfish; inrcombination with
anRH—A: domperidone = pimozide >> metoclopramide = fluphenazine.
Spiperone and cis-flupenthixol at this dosage were ineffective in
potentiating the action of anRH—A,"although in another tria}_ at a
* higher doaagé (apéroximately four-fold greaier) splperone and

haloperido)l were more effective than pimozide -in potentiating the action

of an LERH analogue (Peter et al., 1986). Previous stpdies indicate that:

»

spiperone 1injected as a ‘suspension, rather than as a solution,

potentiated the action of a GnRH-analogue 1n the goldfish in vivo

(Appendix I-A,B). Pimozide has been used 1in goldfish to investigate

féctors controlling Gtﬂasecretion (Chang & Peter, 1983a, 1983b; Chang et

al., 1984b; Sokolowska Peter, Nahorniak & Chang, 1985), and the aétivity

o

of various GtH-releasing hormone analogues (Peter, Nahorniak, Sokolowska

Ef.ﬂl"‘1985)° This study represents the first use of domperidone to
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modify piltuitary function in a lower'vertebraCe. Part of the difficulty

of comparing drug potencles {n vitro and in vivo {s that the fate of

administered drugs varies widely. Aside from our results on i.p.
1njected domperidone, virtually nothing i{s known regarding the metabolic

fate of dopamine antagonists Ip lower vertebrates. Nonetheless, our data

on the distribution of i.p. injected domperidone, and, the action of
‘domperidone indicate that it binds to, and blocks pituitary dopamine

D2-1like receptors to increase GtH release.

rs
Domperidone does not cross the blood-brain barrier in mammals (for

review see Brogden, Carmine, Heel et al., 1982). Nonetheless,

[BH]—domperidone has been wused in vitre to identify the binding

parameters of dopamine receptors in thg mouse striatum (Martres, Baudry
& Schwartz, 1978). ' our results with goldfish indicate that
[3H]—domperidone enters the circulation rapidly after i.p. injection;
maximum blood levels of 32000 qpm/g represent aproiimately 1 % of tﬁe
injected dose per g of tissuet ‘The goldfish brain does not appear to

accumulate appreciable amounts of [QH]-radibactivity and since qﬁg

brain:blood ratio of radioactivity is far

below unity, we conclude that

domperidone does not pass through the blood-brain barrier in ~ the
goldfish. In contrast, the gonad:blood ratio of radioactivity is near or
greater than unity; this suggests that gonadal radioactiviﬁy is at least
in free equilibrium gith the blbod, and that the gonad may even
agtumulate [3H]-radioactivity, albeit to ;iiimited extent. 0f interest
was the rapid and dramgtic concentration of [3H]-domperidoﬂe by the
pftﬁ{taty; ‘maximum levels of pituitary [3H]-domperidone ' were
rapproximately 4.25 Z of the injected dose per g pituitary. These results

~ ¢ )
suggest the existence of a pituitary factor which binds domperidone,

25

‘f' .



presumably dopamine D2 receptors on various piltultary cells. In a
preliminary investigation [BH]—spiperone was Injected i.p. into goldfish
maintained at 12 °C and 12 h photoperiod; 3H—radioactivlty~1n the plasma
and pituitary increased rapidly after injection of [3H]—sp1perone with
relatively maximal levels attained at 6 h after injéction; pitultary
radioactivity was consistently greater than plaswa radioactivity

(expresséd as 3H—radioactivity per gram of tissue) (Appendix I-C).

The ‘initial tiwe course of [BH]-domperidone accumulation in the
pltuitary correlates well with the time course of serum GtH response to
injected domperidone and to domperidone plus. LHRH—A.AThe dosages of
unlabelled domperidone in the two experiments were similar (17 vs 20
umol/kg body weight). Administered alone, domperidbﬁé caused a transient
but significan; increase 1in serum concentration of Ctﬂwq&3§3 h after
infection. Blood and pituitary. [3H]—radioactivity ; fnq%éased
significantly 30 oin /after iujection of [BH]—domperidoqg, and by 3 h
after injection, pituitary radioactivity, per %?it weight of tissue,
exceeded blood fadioactivity by almost twofold. Since 1t haé_been shown
that the effects éf dopamine and metoclopramide on GtH secretion 'in
vitro ére virtually immediate (Chang Eﬁ.ﬁi" 1984a), the present data
suggest that # critical dosage of domperidone may h%ve tq‘accumulate in
the pituitary in vivo before GtH secretion is suffiLiently increased to
be reflected by a signifigant increaée in circulating levels of GtH. In
comparison, the time course of action of .a GnRH analogue, o; a
combination.;f tﬁe GnRH analogue and pimozide iﬁjeéted i.p. into
goldfish at 12 °C (Appendix I-D) 1s similar to that of sGnRH-A or
anRH—Aif domperidone in fish. 1Increased fqmﬁ&ratur; (20 °.C) ser;;d to

‘,accelerate_tﬁe onset of GnRH-analogue ackion and potentiation of this

- -
4
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action by pimozide; at 20°C the absolute maximal serum GtH response
occurred earlier than at 12°C and was, as well, somewhat diminished
S )

(these data are more completely described in Appendix I-D).

This 1is ahe first study to evaluate the potency of a dopamine
ant?gonist, in a dose-related fashion, to increase sergm concentrations
of étH In a lower vertebrate. Serum concentrations of GtH, at 24\h afger
injection, increased in response to i.p. injected domperidone alone in a
dose-related fashion. The minimum effective dose of dowperidone was 0.55
umol/kg body weight with an EDsé‘sf approximately 9.4 wumol/kg body
weight (ED25 apprbximately 5.5 umol/kg - body weight)l Serum
concentrations of GtH at 24 h were generally significantly higher than
those at 6 h after i.p. injection with dowmperidone (Appendix I-E). 1In
comparison, 1in unconscilous male rats, systemically administered
domperidone 1ncreased plasma prolactinlconcentiations in a dose-related
fashion with an EbZS = 0.155 umo;/kg body weight, with .the |maximum
effect occurPng at or before 30 min after injection (Cocchi, Gil-ad,

Parenti et al., 1980). .

It is becowing increasingly evident from our studies in goldfish

that gonadotropin-releasing hormones and dopamine antagonists modify the

serum GtH response to one ;nother. In the present study,- sGnRH-A

increased serum concéﬁtrations of GtH in a dose-rglated fashion in fish

- of both sexds in July. Serum coﬁcentrationé of GtH 1ncrifsed ;linearly

(r2-0.991) in response to sGnRH~A between 10 a;d 1000 ug/kg body weight
b .

(inset Fi%dre II-6). A low dose of domperidone (5 umol/kg body weight)

“increased the sensieivity‘of the éérum GtH response to anﬁh—A, gnd at

higher dosages of sGnRH-A the relationship between sGnRH-A and serum
. " v

N
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concentrations of GtH became aéymbtotic—like, reaching presumed waximal
levels of 295 ng/ml. This concentration of GtH was {dentical to that
produced by.the same high dose of sGnRH-A (1000 ug/kg body weight) '}n
the absepce of domperidone. Peter g_&ﬂ. (1985) demo'nstrated r"at in
goldfish of mixed sex in April i.p. injection of a low dose of -pimo%ide
in suspension (2.2 wumol/kg body weight) potentiated the action of
sGnRH-A in a dose-related fashion. In contrast, a high dose of pimozide

]
(22 umol/kg body weight) administered to male fish in May potentiated

. the action of sGnRH~A, but sGnRH-A did not increase serum concentrations

of GtH 1In a dose-related manner 1in the presence of that dose of

pimozide.

]

In suwmary, the findings of this study support and extend the

°
concept of pitultary dopamine receptor-mediated inhibition of GtH .

release in goldfish (reviewed by Peter et al., 1986). We propose that a
dopamine D2-like reéeptor subtype on gonadptrophs in the galdfish
pituitary can be stereospecifically blocked by the active optical
enantiomer éf sulpiride. Domperidone, which has a much‘highet affinfty
than (-)-sulpiride for .thé manmalian dopamin; D2 receptor, is more

£l

potent than (-)-sulpiride in increasing serum concentrations of GtH 1in

-the goldfish. Dowperidone injected i.p. 1is exclﬁded from the brain but

- @ .
is concentrated in the pituitary where small amounts apparently are

sufficient to cause gignificant increases in GtE secretion. The
sensiti‘}ty and magnitude of this dose-related incréase in circulating

concentrations of GtH iq. response to domperidone are increased by

sGnRH-A. These daté.sttongly suggest - that endogenous dopamine and GnRH '

act in concert to control GtH secretion. Moreover, dophmine and Gnkﬁ

t

- modify the GtH réleabe-xeépbnae to each other.

o
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Figure 11-1: Stereospeciticity ot the serum gonadotropin (GtH) respouse

to dopamine antagonlsts (September, 1985).

Serum concentrations ot GtH (ug/wl) {a goldtish sampled 24 B atter
{.p. tnjection with (+)-sulpiride ( A ). (-)-sulpiride ( ®
or dompertdone ( - ) at various doses. Values are means +/- S.E.M.

(n=10) . * p < 0.05 «‘ompared\wlth vehicle-injected tish (Duncan's

multiple range test).
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Figure [I-2: Effects of wvarious dopémine antagonists on serum

concentrations of gonadotropin (GtH) in the absence or presence of

8

[D—Argb, Trp7, Leu", Prog—N—ethylamide]“bﬁRH (sGnRH-A) (October, 1985).

/

Serup cordcentrations of GtH {n goldfish sampled‘ 24 h after 1.p.
1nj2ction with dopamiAeNantagonis(s (10 umol/kg body weig‘g) in the
absence (open bars) or presence (stippled bars) of sGnRH-A (10 ug/kg
BW). VEH=vehicle, SPl=spiperone, FLP-cis—flupenthfxol, FLF=fluphenazine,
MET=metoclopramide, PIM=pimozide, DOM=domperidone. Values are means +/-

S.E.M. (n=8). Yp < 0.05 compared with vghicle ~injected fish; A\ p <

0.05 compared with sGonRH-A-injected fish (Dué%an's mﬂitiple range test).
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- . 3
Figure 1I1-3: Tiwme-course of ["H]-radioactivity uptake {into blood,
pituitary, gonad and brain afg$r 1.p. injection of [3H]—domper1done
(March, 1986).

3 -3

[ H]-Radioactivity (X 10 dpm/g) adjusted for 100 g fish in the
blood ( . ), brain ( A ), ‘and pituitary ( ‘ ) of goldfish after
{.p. {injection of [3H]-domper1done. Values are wmeans +/- S.E.M. (n=10).
Average weight of whole brain and bituitary were 160 mg and 2.579 og,

respectively.
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Flgure II-4: Timg_gourse of the serum gonadotropin (GtH) response kgo
domperidone (June, 1985). '
Serum concentrations of GtH (ng/wl) following 1.p. injection of
p 6
vehicle ( . ), domperidone (16.8 umol/kg BW, (@ ), [D-ala®
Prog—N—ethylamide]—LHRH (LHRH-A) (100 ug/kg BW, - ) or a combination
of DOM and LHRH-A ( A ) into goldfish. Values are weans +/- S.E.M.
(n=10). Wp < 0.05 compared with vehicle~injected fish; A\ p < 0.05

compared with LHRH-A-injected fish (Duncan's wmultiple range test).
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Figure 1I-5: Effect of dose of dom,peridone on serum concentrations of
gonadotropin (GtH) (June, 1985). }

Serum concentrations of GtH (ng/ml) in goldfish 246 h followling

{ntraperitoneal injection of various doses of do_mperidone in the absence

( ‘ ) or presence ( A ) of [D—Argb, Trp7, Leu8,

Pr'og—N—ethylamide]—LHRH (sGnRH-A). Values are means +/- S.E.M. (n=8).

*p < 0.05 cowpared with vehicle—injecté!} fish;ﬁp < 0.05 compared with

»
sGnRH~-A-injected fish (Duncan's multiple range test).
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Figure I1-6: Effect of dose of [D—Arg6, Trp7, Leua,

Pr09~N—ethy1amide]—LﬁRH (sGnRH-A) on serum concentrations of
gona;iotropin (GtH) (July, 1985).°
Serum ;oncentrationa of GtH (ng/ml) 24 h after 1.p. injection of
various doses of sGnRH-A in the absence ( . " ) or presence (A)
q(f domperidone. Values are means +/- S.E.M. (n=9). v P ..< 0.05
compared with vehicle-injected fish; DA\ p < 0.05 compared with
sGnRH-A-injected fish (Duncan's wmultiple range test). Lhnset: Serum
“co_{ncent_rations of GtH (ng/wl) replotted as/a_‘ linear function of dose of

sGnRH-A. -
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IIl. In vitro actions of dopamine and domperidone, a specific dopamine
receé?gr antagonist, 1In vregulation of gonadotropin (GtH) and a
-melanocyte stimulating hormone (& -MSH) release from the pituitary of
the goldfish, Carassi{us auratus.

INTRODUCTION

. —
Py

>

Gonadotropin (GtH) secretion from the pitultary of teleost tishes

o

{s regulated predominantly by the stimulatory actions of gonadotropin
releasing hormone (GnRH) and the ianhibitory actions of dopaéine (for
review see Peter, Chang, Nahorniak ff,fl" 1985 ). Also, dopamine has
been implicated as an fnhibitor of the release of other teleost
pituitary hormones, notably prolactiﬁ (for review see Peter & Fryer,
. R\

1983), and a -wmelanocyte stimulating hormone (@ -MSH) (Olivereau, 1978;
Olivereau, Olivereau & Lambert, 1957). The teleost pitultary lacks a
functional hypothalamo-hypophyseal portal system, but individual cell
types in the pars distalis (PD) and neurointermediate 1lgbe (NIL) are
innervated ;irectly by neurosecretory fihres; originating from the
hypothalamus (Ball, 1981). CGonadotruphs are directly innervated by
neurosecretory fibres {wmunoreactive to GnRH (Kah, Breton, Dulka et al.,
1986a) and dopamine (Kah, Dubourg, Onteniente et al., 1986b). Dopamine
fibres also terminate dire&tly on & -MSH cells in the goldfish NIL (Kah
et al., 1986b).

Dopamine 1inhibition of o;-MSH release is well established in
mammals (for review see Tilders, Berkenbosch & Swelik, 1985) and
amphibians (Adjeroud, Tonon, Gouteux et al., 1986; for review see Tonon,
1984). Dopamine exerts 1its action on o -MSH release (Tilders,
Berkenbosck & Smelik, 1985) and on prolactin‘release (Cronin, 1982?

through the dopamine D2 receptor subtype. In contrast, the role of

dopamine in regulating luteinizing (LH) hormone release 1n mammals is
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controversial. Some data indicate an f{nhibitoy role of dopamine on LH
releaS; in‘vivo in thbbits (Dailey, Tsou, Tindall & Nelll, 1978), rats
(Nicoletti, Ambros{, Giammartino et Ei" 1986; Shaban & Terranova,
1986 ), and humans (Leblanc, Lachelin; Abu-Fadil & Yen, 1978); however
considerable other evidence indicates a lack of direct {influence of
dopamine on LH secretion in the rat (for review see Barraclough, Wise &
Selmanoff, 1984)aand favours an Indirect stimulatory role for dopamine
on LH release via actions at the hypothalamic level (Kalra & Kalra,
1983; Kalra, 1986).

We have previously demonstrated receptor specificity for the direct
dopamine inhibition of GtH release. in goldfish in iixg (this theslis,
Chapter IL) and demonstrate the existence of a
[BH]—spiperone/heurolep&1c binding site (dopamine/tmeuroleptic receptor)
in the goddfish 'PD and NIL (this thesls, Chapter 1IV). The purpose of

» -

this study was to investigate the dopamine receptor-specificity “for

.inhibition of GtH and @ -MSH release from the goldfish pituitarf 1in

vitro.




s

MATERIALS AND METHODS
Experimental animals:

Male and temale goldfish (approximately 40 g, 13-15 ¢m) of common
or «omet  varietles were obtalned from (rassyforks Fisheries Co.,
Marginsville, IN, U.S.A. or from Ozark Fish;rles, Stout land, MO, U.S.A.
Fish were maintaln;d for several weeks 1n flow-through aquaria at
simulated ambfent temperature (7-19 OC) and photoperiod (8-17 h
photbphase), and fed twice daily with cowmmercial trout food. In all

cases animals were anaesthetized (tricaine methanesulphonate, 0.5 g /1)
a

prior to any handling! T6 harvest pituitary glands, fish were

anaesthetized, killed by spinal transection just posterior to the

medulla oblongata, and the pltuitary removéd and placed into 1ce-cold,
sterile buffer (HEPES-buffered Hank's salt solution: Hank's salts;

HEPES, 0.02 M; bovine serum albumin, 2 g/l; pH=7.4 at 170C).
Superfusion of fragments of the PD and NIL:

Pituitaries were transferred to buffer at 170C, a;d the PD was
surgically s¢parated from the NIL using opposed scalpels while observidg
under a dissecfing microscope. The PD and NIL lobes were»pooled, and
individual 1lobes (approximate volume 3 - 4 mm3) dissected into
approximately eight equivalent fragmenis. PD- aAd NIL fragments were
collected into 12 X 75 om polystyrene culture tubes and rinsed with
4.0-ml aliquots of buffer fhree times by alternately centrifuging (200g
X 3 oin) the tubes and discarding the .supernatant. Fragments were
<;qqglly distributed to superfusion chambers and superfused (0.25 ml/win)

with buffer at 17°C for 2 h prior to drug testing.

*
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A superfusion chamber consisted of a vertically-oriented, modified
1.0-ml syringe darrel; a filter-paper disc (Whatman No. 1) obstructed
the luer-outlet at the bottom of the chamber and supported a 0.150-wl
packeg.bed ot 6-50 Sephadex, ‘which in turn supported the pltuitary
fragments. An additioﬁal 0.150-ml packed bed of -50 Sephadex was
layered on top of the pituitary fragments. The top of the superfusfon
chamber was sealed with : rubber plunger, through which a 15 gauge (g),
37 om stainless steel injection needle had been inserged; the volume of
the superfusion chaméer ~was 0.45 ml. A 0.48 o length of LKB-silicone
tubing (1.3'wm I.D., #2030-962, LKB-Produkter AB, Bromma, Sweden) was
connected to an 18 g, 37 wm syringe-needle which was in turn attached to
the luer end of the syringe barrel; buffer was drawn through the chawmber
at 250 ul/min by a peristaltic pump (#2132 MicroPerpex, LKB). Buffer was

supplied into the top of the superfusion chambgr via the 15 g, 37 mo

needle connected to 0.27 m of Silastic medical grade tubing (1.5 o
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I.D., Dow Corning Corp., Midland, MI, U.S.A.) connected to an 18 g 37 om .

ngedle which rested in buffer or test substance. Fractions were
collected into 10 X 75 mm glass (PD—gluate) or polystyrene (NIL-eluate)
tubes. Tubes were capped, frozen by partial immersion in ethanol cooled

by dry ice and stored at -20 °c for subsequent analysis by RIA.
Hormone determinations:

Samples from superfusion systems containing PD fragments were

analyséd for GtH content by an RIA based on carp GtH (Peter, Nahorniak,

-~

Chang & Crim, 1984). Samples from superfusion systems containing NIL

fragments were analysed for o -MSH content using an RIA for o -MSH

)
(Vaudry, Tonon, Delarue et al., 1978), using a highly characterized



antibody (Jegou, Tonon, Leroux et al., 1981) adapted to these in vitro

samples.

Development, validation and applicatfon of this a -MSH RIA, as well
as assesswent of the specificity of the primary antibody (#810103), have
been described in detall elsewhere (Vaudry et al., 1278); our method

¥

involves minor modifications of this protocol.

The protocol for radiofodination of & -MSH was based on a
modification of the method of Hunter & Greeawood (1962). In a 5.0-ml
polystyrene tube 1 ug of synthetic a« -MSH in 10 ul of 4 mM HCl was mixed
with 20 ul of acetate buffer (100 mM, pH=4.0) and 20 MBq of 1251 in 5 ul
(100 mM NaOH). lodination was initiated by addition of chloramine—f (20
ul of 0.250 g/1 in phosphate buffer, 0.5 M, pH=7.6) and stopped after 15
sec by addition of sodlum metabisulfite (20 ul of 3 g/l in phosphate
buffer, 0.5 M, pH=7.6). Separation of radiolabelled ¢ -MSH from free
1251 was performed by adsorptioh to QuSO G-32 glass powder (Philadelphia
Quartz Co., Philadelphia, PA, U.S.A.) as described for
adrenocorticotrophic hormone (ACTH) purification (Vaudry, Vague, Dupont

et al., 1975). The radioiodinated « -MSH was divided into aliquots,

frozen and stored at -20 OC;

Preparation of incubation mixtures for RIA was as described by
Usatagui, Oliver, Vaudry et al. (1976). Two days affer the start of
incubation 200 ul of normal rabbit serum (1:127 v/y final dilution in
assay b;ffer: sodium barbital, 0.02 M, pH=8.6; bovine serum albumin, 3
g/1l; mercaptoethanol, 1:500 v:v, Sigmwa; Aprotinin, 0.010-g/l, Sigma),
and 200 ul of anti-rabbit goat gamma-globulins (1:63 v:v final dilution

in assay buffer) were added separately to assay tubes and incubated at
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4° ¢ for an additional 2 days. RIA tubes were then centrifuged at 1000 g
X 30 win at 4° C, the supernatant was decanted and the pelleted

precipitate counted by gamma-spectroscopy. Probit (Logit) analysis of

the bound radioactivity was used to estimate & -MSH content.

Unlabelled ®& -MSH standard inhibited the binding of [1251]-0: -MSH
to anti-& -MSH antibody id a dose-related manner (Figure 1). Probit
analysis and parallel line analysis (Pekary, 1979) indicated that‘ this
dose-related inhibition was linear (r2=0.976) between 50 and 6250 pg/ml
of « -MSH standard. Eluate from superfused PD- or NIL fragments also
inhibited the binding of radiolabelled o & | -MSH 1in a linear
(r2=0.968—0.998) dose-related manner with slopes that were identical to
that of the o -MSH standard. The principal difference between eluate
from PD- and NIL-superfusion systems was that the & -MSH content of NIL
samples was approximately 8-fold greater than that of PD-samples; the
presence of & ~MSH in PD-sawples may have been due to the presence of
some NIL tissue 1in the PD-superfusion chamber; we do not exclude the
possibility that the PD may actually produce and release small

o

quantities of o ~MSH.

L}
Specific investigations:

¢

A. Time-course of spontaneous GtH and & -MSH release from superfused

pituitary fragments.

PD- or NIL fragments in 4 independent columns were superfused with
buffer for 6 h. Eluate was collécted a8 10-min (2.5-ml) fractions and

. ' o
later analysed for GtH or ot-MSH content.

B. (1) Dopamine inhibition of spontanéous GtH and ot -MSH release.

50



PD- and NIL fragments were superfused for consecutive 1 h periods

_10 - —
with buffer or a given concentration of dopamine (10 , 10 8, 10 6,

107% M, or 1077, 10-7, 107 107° M). Eluate from PD- or WIL fragments

was collected as 10-min (2.5-ml) fractions and latlr analysed for GtH or

x -MSH content, respectively.
(11) Effect of domperidone on spontaneous GtH release.

Replicate columns cotrtaining PD fragmwents were superfused for
.
consecutive 1 h periods with buffer then increasing concentrations of

dowperidone. Eluate was collected as 10-min (2.5-ml) fractio:;'and later

analyzed for GtH content.

.o .

C. Time <course of the elution of [IZSI]—[DArgé, Trp7, Leu8,

Prog—N—ethy1amide]—LﬂRﬂ (sGnRH-A), GtH, or a« —-MSH.

A superfusion system, not containing tigsue, received a 2.0-wmin
(0.5-ml) dosage of [1251]—anRﬂ—A (approximately 1800 cpm, spec. act.
approximately 1300 uCi/ug) (Habibi et al., 1987) (unlabelled sGnRH-A was
a glft from J. Rivier and W. Vale, Salk Institute, La Jolla, CA,
U.5.A.). Eluate was collected 1in 1.0-min (0.250-ml) fractions and

radioactivity of samples determined by gamma-spectroscopy.

Superfusion systems containing PD- or NIL fragments were superfused

8 M sGnRH-A or

pGlu-His-Pro-NH2 (TRH, Sigma, St. Louis, MO, .U.S.A.), respectively.

with buffer and given a 3.0-min (0.75-ml) dose of 2 X 10~

Eluate was collected in 5.0-min (1.25-wl) fractionms and later analysed

-~

for GtH or & -MSH content.

D. TRH stimulation of of -MSH release.

3
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NIL fragments were superfused with buffer and at 60 win intervals
received a 3-min (0.75-ml) dose of a given concentration of TRH. Each
trial consisted of two 10-win &2.5—ml) fractions coliected prior to the
dose of TRH or buffer, and 4 fractions including and following the dose

of %RH or buffer. Eluate was later analyzed for & -MSH/ content .

E. Effect of multiple treatments of pitultary fragmwents with releasing
factors on GtH or & -MSH release.
In a\series_ of 6 consecutive 1-h trial periods, PD fragments were
superfused with buffer for 20 min prior to receiving a 3.0-win (0.75-ml)
]
7 8,
dose of [Trp , Leu ]-LHRH (sGnRH), or sGnRH-A; NIL fragments were
}

superfused with buffer and were stimulated with multiplé doses of TRH
(20 nM (10—7'7 M), 3.0-win, 0.75 wml). Eluate was collected prior to,
during, and following each dose of releasing factor in 10-min (2.5-ml)

fractions, and later analyzed for hormone content.

F. Dopamine inhibition of GtH and « -MSH release from pituitary

fragments treated with releasing factors.

During 60-min trial periods, PD- or NIL fragments were superfused
with buffer or a given ¢oncentration of dopamine. Twenty minutes info
each trial perioa, PD- or NIL fragments were given a 3.0-min dose (20 nM
(10_7°7 M) of sGnRH, or sGnRH-A, or TRH, respectively, in appropriate
vehicles. Eluate was collected throughout the periods in 10-min (2.5-ml)

fractions, and later analysed for hormone content.

G. Inhibition - by (+)- or (-)—-apomorphine of releasing
3

factor-stimulated GtH and « -MSH release.
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In 60-min trial periods, PD- or NIL fragments were superfused with
buffer or a glven concengration. of (+)- or (-)-apomorphine (Researcﬁ
Biochemicals Inc., Wayland, MA, U.S.A.). Twenty minutes into each/ trial
perfod, PD- or NIL fragments were given a 3.0-wmin (O.75—ml; dose of
sGnRH or sGnRH-A, or TBgH (20 aM), respectively, 1in buffer or
apomorphine. Eluate was collected throughout the trial periods as 10-min

(2.5-wl) fractions and later analysed for hormone content.

H. (1) Domperidone antagonism of dopamine inhibition of GtH and a -MSH

't

release from pltuitary fragments treated with releasing factors.

In an {1initial 60-min trial period, PD fragments were superfused
with buffer for 20 win prior to recelving a dose’ of sGnRH or sGnRH-A
(3.0-min; 0.75~ml; 20 nM); NIL fragments were similarly stimulated witﬁ
TRH (3.0-min: 0.75-wl; 20 aM). In subsequent. trial periods éituitary
fragments were also treated with releasing factors, but were constantly

superfused with dopamine (500 nM, 10_6'3 M) in the absence or presence

of given concentrations of domperidone (Janssen Pharmaceutica, Beerse,

Belgium). Throughout the experiments eluate was collected in 10-min

(2.5-wl) fractions and later analysed for hormone content.
(ii) Effect of domperidone on sGnRH stimulation of GtH release.

In 2 initial 60-min trial periods, PD fragments were superfused
with buffer for 20 min prior to receiving a dose of sGnRH (3.0 min; 0.75

ml). In subsequent trial periods PD fragments were similarly treated
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with sGnRH but were superfused with increasing concentrations pﬁ'

domperidone. Eluate was collected in 10-min (2.5-ml) fractions and .later

analyzed for GtH content.
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Analysis of data:

o

This investigation attempted to describe the In vitro influences of
dopawine and domperidone on the release of GtH and o -MSH from PD- and
NIL - fragments, respectively, that were or were not treated with
hypothalwic factors. The total hormone contents in 6 X 10-min fractions
collected during trial periods of superfusion with buffer or a dopamine
ligand (in the presence or absence of a dose of releasing factor) were
averaged and the .mean (+ S.E.M.; n=6 fractions) total hormone content
was régarded as the net secretory response by pituitary fragments 1in
that column. The {initial treatment in each experiment was superfusion
with buffer, with or withBut a dose of releasing factor; responses
during subsequent treatments were normalized to.repreoent a percentage
of the initial response in buffer (X initial). Where applicable, the
normalized net secretory reponses of replicéte columns were averaged and
the mean (+ S.E.M.; n=number of replicate columns) of these values was’

plotted.

Data were analyzed using the generalized linear model (GLM)
procedure of the Statistical Analysis Systems (Halwig & Council, 1979).

%ormone release data were fitted to a model that included the main
L :

u'?:ﬁgﬁgeffects of releasing factor and/or drug treatment time, and variation in
'pituitary response (variation between columns), as well as ‘two- "and
three-way interactions of these effects. Predetermined comparisons were
made using least square 'means. Differences weté considered significant

» at the p<0.05 level. - Where indicated, a computerized four-parameter_ . .

: : 4
logistic curve-fitting program (ALLFI1) was used for analysis of curves ’

and déterminatioh of ED50 values (DeLean, Munson & Rodbdrd, 1978).



This project also investigated the in vitro effects o} dopamihe and
domperidone on releasing factor—-stimulated hormone release. During each
trial period, the amount (ng) of hormone released (in 4 fractions
including and follow;ng each dose of releasing factor) 1in excess of
pre~releasing factor levels was regarded as the stimulated hormone
release—responsé (pre~releasing facto; levels of hofmone release were
estimated as the mean total hormone content in the 2 fractions pfeceding
the releasing factor dose). Where applichble, the stimulated hormone
release responses for replicate columns were averaged and the mean (+

S.E.M.; n=number of replicate columns) values were wused 1in paired
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t-tests to determine significant (p < 0.05) differences; these data were.

not suftable for GLM analysis.
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RESULTS
A. Effect of dopamine and domperidohe on spontaneous GtH release.

Pars distalis fragmwents superfused with buffer alone spontaneously
released GtH at a relatively constant rate over 6 h (Figure III-2A).

Dopamine, in a dose-related manner, inhibited spdataneous GtH release

from PD fragments in 4 independent columns; for clarity the effects of

dopamine on spontaneous GtH release, from only 2 representétive columns,
are shown in Figure III-2B. In one column, discontinuation '!H’IO‘S M
dopamine followed by buffer caused a rebound increase in GtH release to

a level similar to the initial value; h&wever, there was no significant

chang! in the GtH release rate foilowing discontinuation of suﬁerfusion

with 10_4 M dopamine (Figlire 1III-2B, left panel). In - contrast,

domperidone (10—4 M) reversed the inhibitory action of dopamine (10—3 M)

~\ ‘ .
dud intreased GtH release (Figure 1II-2B, right panel). Superfusion of

=3-3 M, caused variable increases

release; in cowmparison, domperidon% at 10-4'3 M caused consistent

PD Xragments with domperidone alone, 10

significant increases 1in GtH release form superfused PD fragments
(Figure I11-2C). To quantify the effects of dopamine on spontaneous GtH

release the mean GtH content of fractions collected from each column

during the first 60 min superfusion with buffer alone was designated as
] .

the initial GtH release (100 %) and the rest of the data from'the column

t

normalized to this value (Figupe III-3). Dopamine at concentrations of
10-.7 M and greater significantly reduced spontaneous GtH release; ALLFIT

‘analjsis of these data indicated that dopamine had an EDSO of 38.2 uM
-404 )

(10 . M) for inhib;fion of spontaneous GtH release.
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B. Time-course ot sponfaneous M release and dopawmine  iahibition

ot spontdaneous & -MSH release.

Neurofintermedlate lobe tragments superfused with butter alone
spontancousiy released @ -MSH at a  relatively coastant rate over 6 h
(Figure 111-4A); d()ﬁam {ue, fn a dose-relgted wmanner fnhibited

spontancous & -MSH release trom NIL fragments {n 2 fadependent  columns

<,

(Figure 111-4B,C). In one column discontinuation ot 10 ’ M dopamine
tollowed by bufter caused a re.i increase in & -MSH release (Figure
I111-4C); however, there was no significant change in the ® -MSH release
) ‘ A )

rate ftollowing discontfinuation of superfusion with 10 M  dopamine
(Figure I1I1-4B). The wean « -MSH content ot fractions collected frown
each column du;‘ing the first 60 min of superfusfion with buffer alone was
designated as the inftlal @« -MSH release (100 %) and the rest ot the
data from the column was normalized to this wvalue; Figure 1I1[-5).
) -8 .

Dopamine at concentrations of 10 M and greater significantly reduced
spontaneous & -MSH rdlease. ALLFIT analysis of these data indicated that

-

the EDSO for dopamine inhibition of spontaneous « -MSH release was 61 nM

-7.2
(10 M) (Figure III-9).

C. Time-course of the elution of [1251]—[D—Arg6, Trp7w Leu8,

9
Pro -N-ethylamide}-LHRH (sGnRH-A), GtH, or o —MSH.

Approximately 5 min after the beginning of a 2.0-min dose (1800 cpw

12
total) of | 5I]—anRH-A, radioactivity began to appear in 1.0-min

fractions. Radioactivity was detected 1in fractions collected between §

and® 20 win after the beginning of the dose; maximum levels of

radioactivity were found in a 1.0-min fraction collected in the tenth

’



’
min after the begilaning ot  the dose. The calculated recovery of  the
administered dose was 100.4 7.
Superfusion of PD fragments with sGuRH-A (20 nM; 3 win) stimulated
increased release of GtH whose kinetics were temporally synchronized
i R W .
with those of the elution of [7 []-sGnRH-A. The maximum GtH release was
observed in fractions collected 5 to 10 win following the start ot the
sGnRH-A treatement; GtH release returned to pre-stimulatory levels 20 to
25 min following the beginning of the sCnRH-A treatment.
The time course of the « —MSH relaﬂse—response'to TRH was similar
to that observed-for sCnRH-A stimulated release of GtH. These results
t
indicate that the action of a single dose of releasing factor 1s rapld
in onset and decay. These results 1ndicate that 1in this system the
stimulated release of these hormones to a single dose of releasling

factors should be observed for a minimum of 25 to 30 min following the

beginning of treatment with releasing factors.

D. TRH stimulation of a« -MSH release.

TRH at concentrations of 1 nM and greater caused acute increases in
o -MSH release from superfused NIL fragments; notably, the level of «
-MSH consistently returned to pre~TRH levels following each o -MSH
release-response (Figure III-6). TRH caused gignificant dose-related

-

increases in stimulated « -MSH release (calculated as the amount of
-

-MSH released in excess of pre-TRH levels) in 4 fractions including and

following each dose of TRH; pre-TRH levels were estimated as the mean «

-MSH content of 2 fractions preceding the TRH dose. The data presented

in this way conformed to ALLFIT analysis (Figure III-7) which “indicated



-8.2 .
an l’.l)}.() ot approximately 6.9 aM (10 M) tor TRH stimulatfon of @« -MSH
)

release.

E. Eftect of wmultiple treatments of PD fragments with sGaRH  or
sGuRH-A, and dopawmine inhibition of GtH release from PD fragments

treated with sGoRH, or sGnRH-A. .

Superfusion ot PD tragments {n 4 replicate columns with 3-min doses
ot sGnRH (20 nM), spaced 1 h apart, tor 6 h, caused relatively
consistent acute f{ncreases fn  GtH release; for clarity, results are
shown from only 2 representative columns (Figures III1-8A,B). At
concentrat {ons of 10~7 M and greater, dopamine abolished the acute GtH
release-response to sGnRH (Figure III-8A,B). Stimulated GtH release (GtH
released in excess of pre-sGnRH levels {n 4 fractions including and
following the sCnRH dose; pre-sGnRH lévels were estimated as the mean
GtH content in 2 fractions preceding the sGnRH dose) was analyzed as a
function of dopamine concentration; however, the data presented in this
way did not conform to ALLFIT analysis and an ED50 for this action of
dopamine <could not be estimated, Nonetheless, dopamine caused a
significant dose-related inhibhition of <total GtH release (Figure
ITI-8A,B) (total GtH was regarded as the mean GtH content of 6 X 10-min
fractions collected during superfusion with buffer or dopamine, 2
frictions preceding and 4 foliowing the sGnRH dose); these data were
normalized to represent a percenf:ge (% initial) of GtH released during
the initial 60 win superfusion with buffer and a dose of sGnRH (initial
release, 100 Z). ALLFIT analysis of these data indicated an EDSO of

-7.5

apprgz}mately 32 oM (10 M) for dopamine inhibition of GtH release

from PD fragments treated with sGnRH (Figure I1I1I-9).
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In contrast to the cousistent acute GtH release respounses to sGnRH
. /
(Figure I110-8), only the first one or two acute pulses of sGaRH-A (20

aM; 3.0 min) caused obvious acute GCtH release (Figure III-10A,B); over
the course of the éxperiment, multiple sGnRH-A doses caused a c;ronic
increase {n total GtH release. Dopamine, 10—8 to 10_4 M, decreased the
GtH content of fractions collected from PD fragments given a 3-min dose
of sGnRH-A (20 aM; 3-win) (Figures I111-10A,B). Discontinuation of
dopaminet(lt)—5 M) followed by superfusion with buffer resulted Iin a
large {ncrease {n GtH release during and folloﬁing sGnRH-A treatment
(Figure I1I-10B); in c;ﬁtrast, the stimulated GtH release-response to
sGnRH-A was not restored by superfusion with buffer following 1O_A M
dopamine (Figure II1-10A). ;he mean GtH content of\fractione collected
from PD fragments treated with s8GnRH-A and 1{nitially superfused with
buffer alone was designated as the 1initial GtH release (100 %) and the
data from each column were normalized to represent total th content as
a percentage of the initial GtH release (Figure III-11); ALLFIT analysis
of the data represented this way indicated that the ED for this

50
-6.5 M

inhibitory action of dopamine was 350 nM (10 ).

K. Effect of multiple treatments of NIL fragments with TRH on o« -MSH

.

release and, dopamine inhibition of o« -MSH release from NIL fragments

tteated with TRH.

Repeated treatment of NIL fragments with TRH (20 nM; 3 win) caused
consistent acute & -MSH release responses in fractions collected during
and following each dose of TRH (Figure II]-12A,B). This stipulated o

) 8

-MSH release was attenuated by dopawmine at 10°° M (Figure III-12A) and

was abolished by concentrations of 10-7 M dopamine and grea!:e* (Figure



. -5
[11-12A,8); discontinuation ot superfusion with dopamine (10 M)

tollowed by buffer restored tl@:(t ~-MSH release-response to TRH, whereas
prior superfusion with 10_4 M dopamine maintained a latent modulation of
TRH actfon. Stimulated & -MSH release by TRH was analyzed as a function
ot dopamine concentration, but these data were fnsufficient for ALLFIT
analys{s. However, dopamine caused a significant dose-related {nhibition
of total & -MSH release from NIL fragments treqted with TRH (Figure
ITI-12A,B); the & -MSH content of 6 X 10-min fractions collected frowm
NIL fragments superfused with buffer alone and treated with TRH was
designated as the initial release ot & -MSH (100 %) and the rest of the
data from the column normalized to this value (Figure I1I-13). These

data were sufficient for ALLFIT analysis which indicated an EDSO of 19.6

-7.
nM (10 ! M) for dopamine Inhibition of total o -MSH release from NIL

fragments treated with TRH.

G. Inhibition by (+)- or (-)—apowmorphine of releasing factor-stimulated

GtH and o -MSH release.

Both (+)- and (-)-apomorphine reduced GtH release from PD f}agments
treated with s8GnRH (Figure ITI-14A,B). (+)- and (-)-apomorphine
modulated and abolished, respectively, the GtH release-response to

sGnRH. Stimulated GtH release was analyzed as a function of apomorphine

concentration but these data were insufficiént for ALLFIT analysis. (+)-

and (-)-apomorphine also reduced total GtH release (Figure III-14A,B);

the GtH content of fractions collected during the 60-min trial periods
of superfusion with apomorphine were normalized, as previously
described, to represent a percentage (Z initial) of the initial GtH

release-response during superfusioan with buffer (initial release; 100
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%) . ALLFIT analysis of these data for (-)-apomorphine indicated an ED50

of approximately 5 X 10—8 M (Figure T1II-195); the data for

(+)-apomorphine were not suitable for ALLFIT analysis. (-)-Apomorphine

- -7 -
8, 10 ', and 10 6 M was significantly wore

at concentratioans of 10
effective than (+)-apomorphine in inhibiting total GtH release.

The stereolsomers of apomorphine also reduced GtH release from PD
fragments treated with sGnRH-A (Figure II1-16A). The GtH
release-response to sGnRH-A (GtH releaseq in excesg_ of pre-sGnRH-A
levels) was modulated by both stereoismers of  apomorphine.
(-)~-Apowmorphine (10—7, and ].0_5 M) and (+)-apomorphine (10_5 M)
significantly inhibited total GtH release; the data from each column
were normalized to represent GtH content as a percentage of the. infitial
GtH release. (-)-Apomorphine at 10—7 M was significantly more active
than (+)-apomorphine at inhibiting total GtH release. Data of the
apomorphine inhibition of GtH release from PD fragments treated with
sGnRH-A were insufficient for ALLFIT analysis.

11 M and greater) and (+)-apomorphine (10—7 and

(-)—-Apomorphine (10—
10"5 M) significantly reduced the release of o -MSH from_NIL fragments
treated with TRH (20 nM; 3 min; Figure III-16B). Only (-)-apoworphine
abolished the stimulated « -MSH release-response to TRH (o€ -MSH released
in excess qf pre-TRH 1levels). 1In contrast, both stereolsomers
significantly reduced total o« -MSH releage; these data were normalized
to represent o -MSH content as a percentéée of the initial o« -MSH

7 M, (-)-apomorphine was significantly more potent than

release. At 10
(+)—-apomorphine in reducing total @ -MSH release. The dosages of (-)-

and (+)-apomorphine tested were insufficient for ALLFIT analysis.



H. Effects of domperidone on GtH release from PD fragments trented

with sGnRH or sGnRH-A, in the presence or absence of dopamine.

sGnRH (20 nM, 3-win) in the absence of dopamine consistently caused
an acute GtH release-response 1In PD fragments (Figure I1I11-17A,B);
superfusion with dopamine (500 nM, 10_6'3 M) abolished the stimulated
GtH release-response to sGnRH and depressed spontaneous GtH release
(Flgure II11-17A). Domperidone, in a dose-rtglated manner, significantly
blocked the inhibitory effects of dopamine and restored the stimulated
GtH release-response (GtH released in excess of pre-sGnRH levels). Also,
domperidone in a dose-related manner blocked dopamine actién and at 50

4.3 M) significantly Increased total GtH release compared with

uM (10
GtH release 1n the presence of dopamine W%thout domperidone (Figure
111-174); éhese data were normalized to represent GtH release as a
percentage of GtH released during superfusion with dopamine (initial,
100%; Figure III-18) but did not conform to ALLFIT analysis. Total GtH

4.3

release during treatment with 50 uM (10~ M) domperidone was slightly,

but significantly, greater than that during i{nitial treatment with

buffer (Figure IT1I-17A).

Doﬁperidone (50 uM, 10_1“3 M) significantly increased
sGnRH-stimulated GtH release (Figure III-17B) comparéd with the initial
sGnRH-stimulated GtH release in the absence of domperidone. Also, total
GtH release was‘significantly increased by domperidone at 50 uM (10—1"3
M) (Figure III-18).

sGnRH-A (20 nM, 3-min) stimulated GtH release from PD fragﬁents

. i
superfused with er (Figure III-19); dopamine (500 nM, 1
abolished the stidulated GtH release-response to sGnRH-A. Dowperidone

did not restore the acute stimulated GtH release-response to sGnRH-A;
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however, domperidone antagonized dopamine action and significantly

igcreased total GtH release (Figure 1I11-19); the data from each column

64

were normalized to represent total GtH content as a percentage of-

initial GtH release (Figure I11-20). Dowperidone (5 X 10—8 to 5 X 10—5

M) significantly increased total GtH release (compared with GtH release
during superfusion with dopamine) to levels comparable with those

observed prior to dopamine superfusioﬁ; ALLFIT analysis of these data

tndicated an EDSO of 235 nM (10—6'6 M) for domperidone reversal of

dopamine action (Figure III-20).

TRH (20 nM; 3-min) stimulated « -MSH release from NIL fragments

10—6.3

“superfused with buffer alone, while dopamine (500 uM, M)

inhibited the o -MSH release-response to TRH and reduced total o -MSH
release (Figure III-21). Domperidone (5 X 10~7 to 5 X 10—5 M) caused a

significant, dose-related blockade of the inhibitory action of dopamine

on stimulated o -MSH release (a -MSH release 1in excess of pre-TRH

£
levels); ALLFIT analysis of these data 1indicated an E050 of
approximately 3.0 uM (10.-5'5 M) (Figure 1III-22). Also, total oo -MSH
release was significantly increased by domperidone at 50 uM (10-1"3 M)

(these data were insufficient for ALLFIT analysis).



DISCUSSION

In this study PD fragments superfused in vitro spontaneously
released GtH. These findings confirm and extend' those of Chang,
MacKenzie, Gould & Peter (1984a) who demonstrated that GtH was
spontaneously released from goldfish pituitary fragments or
enzymwatically dispersed pituitary cells. Carp pituitary cells have also
been shown to release GtH spontaneously (Ribfero, Ahne & Lichtenberg,
1983). Our results confirm that dopamine wmwodulates spontaneous GtH
release; the estimated ED50 for dopamine inhibition of sﬁontaneous total

GtH release was 3.8 X 10—5 M. By comparison, estimates of the EDSO for

dopamide inhibition of total GtH release from PD fragments treated wkth

sGnflH and sGnRH-A were 3.2 X 10_8 M and 3.5 X 10-7 M, respectively.
Chang et al. (1984) also found that dopamine (50 and 500 nM, 10_7'3 and
10--6'3 M, respectively) inhibited spontaneous release from pituitary

fragments and dispersed pituitary cells. In thi§'study, discontinuation
of submaximal doses of dopamihe (10“5 M) followed by superf:sion with
buffer alome caused a rebound increase in GtH release; this rebound was
not obﬁerved following discontinuation of 10-4 M dopamine. Increased
spontaneous Gté release was also observed during antagonism of dopamine
action by dowperidone. Chang et al. (1984) also observed rebound
increases 1in CtH. release following discontinuation of dopamine
superfusion (50 and 500 uM, 10-7°3 and 10_6'3 M, respectively) of PD
fragments and by superfusion with metoclopramide alone. Collectively,
these data strongly suggest that the spontaneous release of GtH from
pituitary fragments is inhibited by dopamine and is restored by removal
of &qgaminé; also, removal of dopamine can be effected by displacement
~

from its receptors by domperidone. Domperidone itself, at relatively
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high doses, increased GtH release from superfused PD fragments; this may
be the result of effective competition with endogenous dopamine for
receptors at the terwminl of dopamine neurons on the gonadotroph
(implying the exi;tence of more accessible dopamine receptors on the
gonadotroph surface away from the synaptoid contact of the dopamine
neuron terminus), or some other wunknown action of domperidone on
gonadotrophs or on neurosecretory terminals {in the pituftary. Ian this
case the term "spontaneous release” may be-a wmisnomer as GnRH- and
dopamine-neuron terminals remaining in the fragments wmay continue to
exert some influence on GtH release for a period of time.

Our results confirm previous findings that GnRH's stimulate GtE
release from goldfish PD fragments superfused in vitro (MacKenzie,
Gould, Peter et al., 1984; Peter, Habibi, Marchant & Nahorniak, 1987);
diépersed carp ﬁitui;ary cells also secrete GtH 1in response to
stimulation with an LHRH—analogué (Ribiero et al., 1983). In this study,
muleiple doses of sGnRH caused consistent acute GtH release responses;

~in contrast, multiple stimulation of PD fragments with sGnRH-A resulted
in a chronic increase in GtH release to 149 % of initial levels, in the
absence of consistent acute GtH releas; responses. The mecﬁanism
underlying this phenomenon 1is uanfined. However, in vivo studies
indicate that multiple.;njections * sGnRH-A into goldfish cause a large
chronictincrease in serum:concentrations of GtH 2% vell as a significant
increase in the numbers of piﬁuitary ¢GnRH-receptors (this thesis,
. »
Qapter IV). These 'i‘l vivo findings suggest thant multiple sGnRH-A

treatments of PD fragments in vitro may Aincr,e'aae “"chronic” GtH release

possibly through amplification GnRH-réc'eptor numbers.

R -

66



67

Regarding the regulation of & -MSH release from the teleost
pi/[uitafy, this study provides the first direct evidence of sgpontaneous
(i -MSH release from superfuged teleost NIL fragments. Dopamine modulated
spontaneous & -MSH release with an EDSO of 61 nM (10—7'2 M). A woinor
rebound increase in spontaneous « -MSH release was observed following
‘discontinuation of superfusion with 10_5 M dopamine but not following
1074 M dopamine. Olivereau (1978) suggested that dqpamine inhibits
—MSH secretion In teleosts; in freshwater- or seawater-acclimated eels,
multiple 1njections of pimozide, a selective dopamine antagonist,
induced morphological changes in NIL & -MSH-secreting cells indicative

of increased oo -MSH release; in vivo treatments of goldfish with

domperidone and sulpiride have induced similar effects in the NIL

(Olivereau et al., 1987).

This study provides the first demonstration of TRH-stimulation of «
-MSH release from a teleost pituitary. Stimulated‘or- -MSH release was
increased by TRH iﬁ a significant dose-related wmanner; o -MSH release
consistently returned to basal levels following each stimulated o -MSH

release-response. ALLFIT analysis of these data indicated that TRH

stimulated @ -MSH release with an EDSO of 6.9 nM (10—8'2 M). In

comparison, TRH has a si’lat potency to stimulate the releagse of o

8

-MSH from the frog NIL in vitro (I-:D5 of 10 nM (10 M); Tonon, Leroux,

0
Leb'oulenger.e_t al., 1980; Verber van Kemenade, Jenks, Visser et al.,
1987). In wmammals TRH sti;nu;lacebs the release of thyroid
stimulating-hormone (TSH) (Foikers, Charfg, Curi‘ie et al., 1970), and
prolactin (Rivier & Vale, 1974) from the PD, but in non-mammalian

vertebrates TRH has no TSH-rele’asi'ng activity (for review see Jackson,

1980). Instead, TRH has been shown to stimulate the release of prolactin
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from the bullfrog PD in vitro (Clemons, Russell & Nicoll, 1979) and the
release of ® -MSH from the frog NIL (Tonon, Leroux, Stoeckel et ﬁl"
1983a; %or review see Tonon, 1984). The current demonstration of
TRH-stimulation of « -MSH release frowm' the goldfish pituitary provides
evidence for the direct action of TRH on & -MSH release 1in teleosts.
There 1s little histochemical information regarding the existence
or distribution of TRH-containing neurons 1in the brain or pituitary of
vertebrates, or teleosts in parEicular (for reviews see Crim & Vigna,
1983; Jackson, 1980; Peter, 1986). Significaht quantities of TRH are
contained in the rat hypothalamus'(Oliver, Eskay, Ben-Jonathan & Porter,
1974) and in the frog NIL (Giraud, Gillioz, Cont-Devolx & Oliver, 1979;

Tonon, Leroux, Oliver et al., 1983b; Seki, Nakai, Shioda et al., 1980).

As well, TRH/h?S been detected 1in the brain, retina and especially the

}skin of several amphibians (Crim & Vigna, 1983); TRH-immunoreactivity

in various pa;ts of the frog and tadpole brain and pituitary has also
been described (Mimnagh, Bolaffi, Montgomery & Kaltenbach, 1987).
Jackson & Reichlin (1980) previously demonstrated the presence of TRH
(100-200 pg/dg!.in the pituitary and hypothalamus of a salmon A(§El22_
sebago) . TRH has'also'been detected in the brains of hagfish, 2 speé;es
of sharks, and the retina of an eel (Crim & Vigna, 1983).

In this study wmultiple treatment of NIL fragments with TRH caused
consistent @ -MSH release responses; a -MSH returned to basal levels
following each response to TRH. Un@er these .conditiéns, dopamine

inhibited total o -MSH release with an ED of 19.6 nM (10-7'7 M

50
value of ‘61 nM (10.7'2 M) for dopamine‘

); this

value 1s comparable with the EDSO

inhibition of sponténeous o -MSH release. In comparison, the EDSO values

for dopamine inhibition of GtH release from PD fragments repeatedly -



~-7.5 -6.5
treated with sGnRH and sGnRH-A were 32 and 350 oM (10 , and 10
M), respectively; the EDSO for dopamine {inhibition of spontaneous GtH
release was 38 uM (10—4'4 M). Data from a mammalian study indicates that

dopamine inhibited o -MSH release from dispersed rat pltuitary cells

-7.5

with an ED o? 32 nM (10 M) (Munemura, Cote, Tsuruta Eﬁ.él" 1980).

50 -
Apomorphine, a dopamine agonist, has been used to study dopamine
receptors In the pituitary and brain in several vertebrate species. Our
data indicate that (-)—apomorphine is more consistent and somewhat wore
activé than (+)-apomorphine in inhibiting GtH and o -MSH release from
the goldfish pituitary {n vitro. Both stereoisomers of apomorphine
modulated the effect of sGnRH and sGnRH-A. Also, both stereoisowmers
reéuced total @ -MSH release; howevery, only (-)-apomorphine abolished
the a« ~-MSH release responses to TRH. These data suggest subtle
differences in the dopamine-mediated £nh;bition of spontaneous and
releasing factor—stimulated' release of GtH and « -MSH. In awmphibia
apomorphine 1s a potent inhibitor .of spontaneous o -MSH release from
dispe;sed pars intermedia cells in vitro (Tonon, Leroux, Stoeckel .Si
al., 1983a). In the rat, (+)- and (-)-apomorphine were eﬁuipotent with
dopamine 1in inhibiting a -MSH release from dispersed intermediate nlobe
cells (Munemura et al., 1980). However, (+)- and (-)-apoworphine -have
been shown to 1nte?act differentially with. brain dopamine receptors;
(-)—apomorphine injected into wice induced steféotypical cage-climbing
behaviour, associated with stimulation of brain dopamine D2 receptors,
and (+)-apomorphine gtrongly antagon£zed the action of (-)—apomorphine

(Riffee.,, Wilcox, Swith Eﬁ.ﬁl" 1982). As our data demonstrate-only wéak

stereoselectivity, I suggest that the dopamine receptor involved with
. ) 1]}

F

I’e

69



)

{ 70

\

{nhibition of GtH and « -MSH reledse differs somewhat from the classical
dopawmine D2 receptor subtype.

THis is the first study. to demonstrate that dowperidone potently
antagonizes the iahibitofy actions of dopamine on GtH or & -MSH release
from the teleost pituitary in vitro. In the present study, PD fragments
were treated with sGnRH and sGnRH-A, while NIL frajlents were treated
with TRH; dopamine (500 uM, 10—6'3 M) 4inhibited total hormone release
‘and abolished the GtH release~response to sGnRH and sGnRH-A. Domperidone

reversed dopapine action and restored tg@&l GtH release as well as the

iy

GtH release~resdponse to sGnRH; however, the GtH release-response to

sGnRH-A was not tored by domperidone. This anomaly may stem from

potenttal differences Y{n the binding 4dnd catalytic properties of sGﬂRH

,and sGnRH-A; sGnRH-A has high receﬁ{or affinity which way cause

functional changes in its receptor (H.R. Habibi, personal cowmunication)

and its long action may, be due to 1its relative resistance to
degradation. Da!Beridone also antagonized dopamine action and rescored
the « ~MSH release-responge to TRH and increased total ot -MSH release in

the presence of dopamine; Dopamine antagonists have been used previouslf

to potentiate TRH 3ctibn; haloperidol potentiated TRH stimulation of ot
-MSH release from amphibian intermediate lobe fragﬁents in vitro (Tonon

et al., 1983a).

. The present demonstraton of micromolar activity 6f domperidone in

A )

reversing dqpamine action is in accord with in vivo data; domperidohe»at

D

doses of umol/kg body weight (ﬁW) injected 1i.p. into goldfish 1increased

serun concentrations of GtH (this thesis, Chapter II). In comparison,

-

' -
-

SGnRH-A injected i.p. into goldfish was effective at nmol/kg BW doses.

Additional evidence for a goldfish pituitary dopamiﬁe/neugoleﬁtic_

»
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receptor comdi from in vivo studies In which {.p.-injected
) . ‘
[ H]-dowper{done was heavily coucentrated - bv  the pltulitarv. These

results suggest that dompertdone exerts {ts etftects by binding o

gonadotroph dopamine receptors, thereby blocking endogenous dopamine

tnhibition; {t {s also possible that dowperidone may act prcaynaptically.

on dopamine and/or GoRH neuroas {n the pitultary to wodify thelr
&

activity. These results also suggest that the goldfish dopawmine receptor

has micromolar atfinity for dopamine and dopamine ligands. In

comparison, the binding site in the goldfish PD and NIL for

14
»

[3H]-sp1perone has propertlies consistent with those - of a receptor and
L]

has micromolar affinity for dosieridone, pimozide and other dopamine

AN
ligands (this thesis, Chapter IV) . \ \
i

-

Historically, the ckissification of dopamine receptors has been

controversial; presently, dopamine receptofs are classified as either DI
4

or D2 subtypes (Leff & Creese, 1984). Only the D2 receptor subtype fis
< ‘ -

sensitive to substituted benzamides and can discriminafe between the,

1
active and inactive stereoisomers (-)- and (+)-sulpiride, respectively

[N
N

(Grigoriadis & Seeman, 1984). In the wammalian pltuitary only the D2

receptor subtype 1s present. It has been shown that dopamine I{nteracts
A :

with D2 receptors on lactotrophs and thyrotrophs in the anterior
pituitary-to inhibit prolactin and thyrotropin secretion, respectively

(Foord, Peters, Dieguez et al., 1983); hé well, D2 receptors on
. ° ’

melanotrobhs in the .posterior pituitary mediate dopamine inhibition of

-MSH release (for review see Cote, Eskay, Frey Es_gi.,'1982; Tilders,

Berkenbosch & Swelik, 1985). The , existence of dopamine D2 receptors in

"the intermediate lobe of an amphibian, Xenogu§ sp., has also been

suggested (Verberg van. Kemanade, . Tonon, Jenks & Vaudry, 1986).
. ; . -



Domperidone is a specitic dopamine D2 receptor antagoulst which

assoclates with a single howmogeneous, non-interacting population of

’

)
brain dopamine receptors; based on the fnability of nou-dopawinergic

agents and the stercvoselectivity of dopamine D2 receptor antagonists to
inhibit [3H]—Sp1perone bln%lng to brain dopamine receptors, domperidone
1s regarded as having a very high speciflcity tor dopamine D2 receptors
(Baudry, Martres & Schwartz, 1979).

In summary, the tindings ot this study support and extend the
concept of piltultary dopamine receptor-mediated inhibitfon of GtH
release in goldfish. In addition we present new findings on the control

e

of a -MSH release {n goldfish. TRH is a potent stimulator of o -MSH
release from the goldfish NIL; as well, we confirm that sGnRH and
%GnRH—A are potent stimulators of GtH release from the PD.
Significantly, apomorphine inhibition of GtH and ot—MSH‘fPlease appears

complex and only weakly stereoselective; steqﬁoselectivity is one

characteristic of the mammalian dopamineé D2 receptor suPtype. The

present in vitro findings support our previous demonstration that

domperidone incfeases GtH release in vivo. In conclusion, we propose

4

that dopamine inhibition of GtH and oc-MSH release from the goldfish
pituitary in vitro is mediaCed‘ by a common pituitary dopamine receptor

which shares several characteristics with the mammalian dopamine D2

receptor. . '

-
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Figure II[-1. & -MSH RIA

Logit-log plot ot displacement (B/Bo) in o ~MSH RIA of « -MSH
standards ( ‘ ), neurolntermediate lobe (NIL)-superfusate ( A ),
and pars distalis (PD)-superfusate ( . ). Values are means + S.E.M.
(n=5). ‘Drawn lines are straight (r2 = (0.968 to ;).998) and parallel

(Parallel line test; Pekary, 1979).
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Figure [1I1-2. Time course of the spontaneous release of GtH and dopamine

{nhibition of spontaneous GtH release.

GtH content (ng/fraction) of 10-win (2.5-wl) fractions collected
from fndependent columns containing pars distalis fragments superfused
with buffer alone  (A), or a given -concentration of dopamine (B), or
domperidone (C). Values for fragments superfused with buffer alone (A)
are means (+ S.E.M.; n=4 columns); values for fragments superfused with
dopamine (B) are singla‘.points from 1independent columns; values for

domperidone-treated fragments are single points from independent columns

plotted as a function of time. -
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Figure II[-3. ALLFIT analysis of dopawmine inhibit{on of spontaneous GtH

release from supertfused pars distalis (PD) fragments.

ALLFIT plot of "the mean GtH conteat of 6 X 10-min fractions
collected from PD fragments superfused for 1 h perfads with buffer
(initial GtH release; 100 %) or a given concentration of dopamine (n= 2
to 4 columns for each point; raw dabﬂ’in Figure III-2B). Data for each
column weré ﬁormalized to express hormone content of fractions collected
during each treatment as?a percentage of the initial GtH release¢ (first
60 win, buffer only) and plotted as a function of dopamine
concentration. + 1indicates a significant (p<0.05) reduction in GtH

content compared with initial GtH release.
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Figure 111-4. Time course of the spontaneous release of & -MSH and

dopamine fahibition of spontaneous « -MSH release.

& -MSH éontent (ng/fraction) of 10-min (2.5-ml) fractions collected

.

N
from columns containing neurointermediate lobe fragments superfused with
buffer alone (A), or a given concentration of dopamine (B,C). Values }or
NIL fragments superfused with buffer alone (A) are weans (+ S.E.M.; n=4

columns); values for fragments treated with dopamine (B,C) are single

points from independent columns plotted as a function of time.

-
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Filgure I[I-S5. ALLFIT analysis of dopamine {nhibition of spontaneous o
~MSH release from superfused neurointermediate lobe (NIL) fragments.

¢
ALLFIT plot of the mean total & -MSH content of 6 X 10-min

fractions collected from NIL fragments, “tom 2 independent columns,
superfused with buffer (inftial o -MSH E;lease; 100 %) or a given
concentration of dopamine (raw data in Figure III-4). Data for each

column were normalized to express & —MSH tontent as a- percentage of the

inftial a -MSH release (first 60 win, buffer only; 100 %) and plotted

(values are means from 2 columns based on 6 fractions per columns) as a
N
£

function of dogamine concentration. + indicates a significant (p<0.05)

reduction Iin « -MSH content compared with initial &« -MSH release .
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Figure III-6. TRH stimulatfon of @ -MSH release.

& -MSH content (ng/fraction) of 10-win (2.5-wl) fractions collected
from superfused neurolntermediate lobe fragmemts Jn replicate columns

(A, B) that retefved 3-min (0.75-ml) doses ( l . )y of pG’bu—His—Prd—NH2
\ , ! :

(TRH; 10_10 to 10—5 M). Values are 1individual pofnts frop u]ndgpenéent

columns plotted as a function of time.
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Figure I11-7. ALLFIT analysis of TRH stimulatfon of & -MSH release.

\

ALLFIT plot of stimulated a.‘ﬁSH release (& -MSH released in excess
of pre-TRH levels in &4 X 1C-min fractions Ineluding and following TRH
;Eimulacinn; pre-TRH levels were estlmated as the mean « -MSH content of
2 fractions preceding the TRH pulse) as a function of dopamine

concentration (raw data 1In Figure II11-6). + indicate values

significantly difterent compared with values in the absence of TRH.

' :
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Figure- I111-8. sGnRH stiomulation of GtH release and dopaminé inhibition

7
of GtH release from pars distalis (PD) fragments treated with . {Trp ,

. o

8 | 8
Leu” ]-LHRH (sGnRH). . '

a

GtH content (ng/fraction) of 10-pin (2.5~ml) fraetions collected
n
from PD fragm#nts that received multiple 3-min (0.75-ml) doses of sGnRH
™ .
(20 oM, |) and were superfused with buffer or a given concentration of

dopamine. Values are single points from fndividual columns plotted as a

function of time.
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A
Figure I1I-9. ALLFIT dhalysis of dopamine inhibition of GtH\release from

t 7
pars dis}ahis (PD) fragments treated witﬁ_[Trp , Leue]—LHRH (sGnRH).

The GtH contents of 6 X 10-min fractions ;dllected from ¥PD
fragments treated in trial periods with sGnRH and supe¥fused with buffer

or a given concentration of dopamine (2 fractions preceding, and 4

A

fractions including andffollowing the sGnRH dose, 20 aM, 3-min, 0.75 ml;

- -

raw data in Figure III-8) were averaged and expressedaas a percentage (%
initial) of btﬂ released duriﬁg the initial trial with buffer (initial

release; 100 Z); these mean values (based oun 6 fractions each) were
- Lo )

averaged among replicate collmns (n=2 columns for. eath dopamine

€

conceﬁtration; n=4 columns in ‘the absence of -dopamine; raw data in
Figure II1-8) and plotted (12 or 24 fractions) as a function of dopamine

concentration. + indicates a significant (p < 0.05) reduction in GtH

-

content compared with initial GtH release. . .
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Figure III-10. sGnRH-A stimulation of GtH release and dopamine
inhibition of GtH release from pars distalis (PD) fragments treated with

sGnRH-A.

GtH content (ng/fraction) of 10-min (2.5-ml) fractions <xollected

*

from PD fragments .that received multiple 3-min (0.75-wl) doses of

[DArg6, Trp7, Leu8; Prog-N—ethylam1de]—LHRH (sGnRH-A, 20 uM, l ) and

«

were superfused with buffer or a given concentration of dopamine. Values

are single points from individual columns plotted as a function of time.
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Figure III-11. ALLFIT analysis of dopamine inhibition of GtH release

from pars distalis (PD) fragments treated with [DAr§6, Trp7, Leu8

Pro ~N-ethylamide]-LHRH (SGnRH-A).

-——

ALLFIT plot of the mean (+ S.E.M.) GtH content of 6-X 10-min
fractions collected from PD fragments frcwm 1individua columns that
received a 3-min (Q,75-ml)‘dose of sGnRH-A (20.nh) an¥ were . superfused
withlbuffer (initi;l ‘GtH release; 100 %) or a given concentration of
dépamfne; data froﬁ. each tolumn were normaiized to express GtH as a
percentage of the 1initial GtH release (6 fractions) and plotted as a
function of doéamine concen;ration (raw data in Figure III-10).. +

-

indicates a significant (p<0.05)-reduction in GtH content compared with

~

~initisd GtH release.
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Figure III-12. TRH-stimulation of « -MSH release and dopamine inhibition

of & -MSH * release from neurointermediate lobe (NIL) fragments treated

with TRH.

-~

« -MSH content (ng/fraction) of 10-min 2.5-ml) fractions

collected from superfused NIL fragments that receiyéd multiple 3-min
o .

v

(0.75-ml) doses of pGlu-His-Pro-NH2 (TRH; 20 nM; l ) and were

superfused with buffer or a gzven concentration "of dopamine. Valueé are

singlé points from individual columns plotted a% a function of time. i
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Figure III-13. ALLFIT analysis of dopamine inhibition of a -MSH release

< N

q R -
from neurointermediate lobe (NIL) fragments treated with TRH.

»

ALLFIT plot gf the total « -MSH content of 6 X 10-min fractipns
N , e

collected from: NIL fragments in 2 columns that -t:eceived\ a 3-oin

- (0.75-ml) "dose Ypf TRH (20 nM) and were superfuged with _Buffer (initialrx

-~
-MSH release; 10Q %), or a given concentration of dopamine; data from

each’ ¢olumn were normalized to express - o -MSH as a percentage of . the

initial & -MSH release (6 fractions) and’ plotted as a function ofMN

-
.

dopamine concentration ‘(raw data in Figure II\I\—}3). "+ indicates  a

significant (p<0.05) decrease in o -MSH content ‘compared with initial x

~-MSH release. . °O . . ¢
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Fitgure 111-14. Inhibition by (#)- and (-)-apomorphine of GtH release

7 8
trom pars distalis <PD) tragments treated with [Trp , Leu |-LHRH

(sGnRH) . U

1
-

GtH congent (ng/fraction) of 1()‘m17n (2.5-wl) fractions collected
from PD- fragments that received multipfe 3-min (0.75-ml1) doses of sGaRH
(20 nM} ) and were sup: ted with buffer or a given concentration of
(+)—apt>morphlne (Figure [111-14A) or (-)-apomorphine (Flg);(e ITI-14B).

Values are single points trow replicate columas plottéd as a function of

time.
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Figure 111-15« ALLFIT analysis of apomorphine inhibftion of GtH release

’ - 7 8
trom pars distalis (PD) fragments treated with [Trp , Leu ]-LHRH

.
y P

(sGnRH) .

The GtH contents of 6 X 10-min fracfions collected from PD
fragments treated in trigl periods with sGnRH and superfused with buffer
orva gliven concentration I\.of (+)- or (-)-apoworphine (2 fractions
preceding, and 4 fractions including gnd following the sGnRH dose, 20
nM, 3-min, 0.75 wl; raw data 1in Figure II1I-14) were averaged and
expressed as a_percentage (% initial) of GtH rgleased during the initial
trial with buffer (initial release; 100 %Z). Mean values (6 fractions per
column) were averaged among replicate columns (n=2 columns for each
apomorphine concentration; n=4 columns 16 absence of apomorphine) and
plotté& (12 or 24 columns) as a function of apomorphiqe concentration. +
indicates a significant (p < 0.05) reduction ifn GtH content compared

initial GtH release; * indicates significant (p < v.05) difference

mpared with a similar dose Xf the alternate enantidmer.
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Figure III-16. Inhibition by (+)~ or (-)-apomorphine of GtH and a -MSH

release from pituitaty fragments treated with releasing factors.

A. GtH content (ng/fraction) of 10-mi (2.5-m}) fractions
e :

collected from superfused pars distalis fragmwents that received multiple

Q
3-min (0.75 wml) doses of [DArgG, Trp7, Leu8, Pro%—N—ethylamide]—LHRH
w N 0
(sGnRH-A, 20 uM, ) (Figure III-16A). '

B. & -MSH content (ng/fraction) of 10-min (2.5-m1) fractions
céllected from superfused neurointermediate lobe fragments that.(eceived
nultiple 3-win (0.75 ml) doses of pClu-—His—Pro—NH2 (fRHi 20 nM) (Figure
III—16B); Values are single points frowm individpal columng ;lotted as a

function of time.
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Figure I111-17. Effects of domperidone)on GtH release from patrs - distalis
fragments treated with [Trp7, Leug]—LHRH (sGnRH) 1in the presence or

absence of dopamine (500 nM).

£

GtH contenﬁ (ng/fraction) of 10-win (2.5-pl) fractions collected
from pars distalis fragments in independent columns tha{ received a
3-win (O,75—mi) dose of sGnRH (20 nM, [) and were supgrfused with buffer
or a given dose of domperidoﬁe, in the presence (Figure III-17A)Y'or

absence (Figure III-17B) of dopamine. Values are individual points from .

replicate columns plotted as a function of time.
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Figure III-18. Analysis of domperidone effects on GtH release from pars
N : \
distalis (PD) fragments treated with [Trp7, Leu8]—LHRH (pGnRH) in the

presence or abseﬁce of dopamine (500 nM).

The GtH contents of 6( X Iijin fractions collected from PD
fr;gments treated 1in trial periods with sGnRH and superfused with a
given concentration of domperidone in the presence or absence of
dopamine (2 fractions preceding, and § fractions including and following

the sGnRH dose, 20 nM, B—ﬁin, 0.75 wml; raw data in Figure I1I1-17) were

»

(_\ .
averaged and expressed as a percentage of GtH released during the

. /—‘—/‘
initial trial im e absence of déwperidone (initial release; 100 %);

these mean values (6 fractiohs “per columns) were éveraged among

-
.replicate columns (n=4 columns in the Presencé of dopamine; n=2 columns

in the presence of dopaminé) and plotted (24 or 12 columns) as a

-

function of domperidone concentration. * isﬂicates a significant (p <

0.05) reduction in GtH centent cowpared with Ynitial GtH release in the

[

absenct;of domperidone.



GtH (% Initial)

200
175

150

125
100
75

50

Darmperdons
+ Dopamine ( s00n ) 1

1 oL 1 1 1

0

8.3 73 63. 53 43
Domperidone (log M)

108



Figure III-19. Domperidone antagonism of dopamine inhibition of GtH

release from pars distalis (PD) fragments treated with sGnRH-A.

GtH content (ung/fraction) of 10-min (2.5-ml) fractions collected

.8
fxom pars distalgs fragments in - independent columns that received a

) 0
3-min (0.75-ml) dose of [DArg6, Trp7, Leu8, Pgog—N—ethylamide]—LHRH

(sGnRH-A; 20 nM; 1 ) and were superfused with buffer, or dopamine
(500 nM) in the absence or presence of a given dose of domperidone.

Values are individual ;points' from independent superfusion columns

plotted as a function of time. - 6



200 |-

150

GtH (ng/ fraction)
8

50

.(“.‘

Replicate Columns

>
>
LO ; 0 ;83 ;73 , -63, 53, 43 ,omperidone
(log M)
L -6.3 / | Dopamine
L L .| 1 1 L | |
7 14 21 28 35 42 49

Fraction Number

110



* .
Figure III-20. ALLFIT analysis of domperidone effects  on GtH release

from gﬁrs diétalis (PD) fragments  treated with [DArgﬁ, Trp7, Leus,

-

-

Ptog—N—ethylamihe]—LHRH (sGnRH-A) and superfused with do@émine (SOO'nM).

Thg GtH coqtents of 6 X 10-win fractions collected from PD

fragménts treated 1n,;ria1 periods with sGnRH and‘”supepfused with:»ﬁ
| - : :
given con;entrétion of domperido?e in the’ presence of dopamine (2
fractions preceding, and 4 fraction; inciuding and following the sGnRH
dose, 20 nM, }—min; \0.75 ml; raw data {in Figure III-19) were ave;agéd;’i
and expressed as a percentagé~31 GtH released during the initialt trial
in thé absence of domperidone (initial relgase; 100&2); ‘these ﬁéaé.
values (6 fractions per column):werew averaged among repliéaie columns
(n=2 colZmns for each domperidoﬁe concentration; =4 columﬁs in the.
absence of domperidone) and plotted as a function of domperiddhe
a

s
concentration. + .indicates a significant (p < 0.05) reduction in GtH

content compared with initial GtH releage. ' , -
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5
Figure 111-21. Domperidone antagonism of dopawmine I(nhibition of « -MSH

release from neurointermediate lobe tragments treated with TRH.

& -MSH content (ng/fraction) of 10-min (2.5-ol) fractions collected
from neurointermediate lobe fragments In independent columng that
recelived a 3-min (0.75-wl) dose of p(}lu—llis—gr()--NH2 (TRH; 20 nM; )
aﬁd were supgtfused with buffer, dopamine (500 ;1M), ot dopamine and a

given concentration of domperidone. Values are Individual points from

independent columns plotted as a function of time.
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Figure T1I11-22. ALLFIT analysis of .the effec of dowperidoue on
.stidulated &«  —MSH release by pGlu-His- ro—Nl{2 - (TRH) frow
neurointermediate lobe (NIL) fragments in the presence of dopamine ESOO

nM) .

ALLFIT plot of stimulated o -MSH release (o -MSH released in excess

pf pre-TRH levels from the 4 fractions including and following each dose
&¥f TRH; pre-TRH levels were estimated as the mean o -MSH content of 2
fractions prec;ding the dose of TRH) gs a functfon of domperidone
concentration (raw data in Fdgure II11-21). Values are mean (+ S.E.M.)
stimulated @ -MSH release from qulicaté columns. + 1indicate values

significantly (p < 0.05, t-test) greater than those observed during

super fusion with dopamine (500 nM) alone.
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IV. In vitro binding characteristics of [3H]-spiperone to the goldfish
(Caragsius auratus) pituitary.

INTRODUCTION

8

In a wide variety of teleost fishes evidence indicates that
dopamine inhibits the release of gonadotropic hormone (GtH) by acting

directly on the pituitary to modulate the . action of

~

gonadotropin-releasing hormone (GnRH) (reviewed by Peter, Chang,

Nahorniak et al., 1986). 1In addition, dopamine 'is the only endogenous

neurotransmitter shown to 1inhibit spontaneous GtH release 1in vivo

(Chang, Cook & Peter, 1983; Chang, Petér, Nahorniak & Sokolowska, 1984a;

Chang & Peter, 1983) and 1in vitro (Chang, MacKenzie, Gould & Peter,

g

1984b; this thesis, Chapter 1III) in goldfish (Carassius auratus).

o

Dopamine has also been implicated as an inhibitor of the release of

/2 e,
other téleost pituitary hormpnes 1including prolactin (Olivéread, 1975;
[ ] N *

N ’

‘reviewed by Peter & Fryer, 1583), and & -melanocyte stimulating hormone

1

(& -MSH) (Olivereau, 1978; Olivereau, Olivereau & Lambert, 1987; this

thesis, Chapter III). 8

In the mammalian pituitary it has been dewmonstrated that dopamine

I

interacts with dopamine:D2 receptors:on the iactotrobhs of the anterior
pituitary to inhibit the release of prolactin (Croni*, 1982), and on the
melanotrophs of the inteérmediate lobe to ‘inhibit thJ release of o« -MSH

(Cote, Eskay, Frey, Grewe, Munemura, Sﬁoof, Tsuruta & Kebabian, 1982).

Recently, we presented in vivo evidenqe for . specific

dopamine~receptor mediated inhibition of GtH release in goldfish (this

.
-

thesis Chapter, II) and propoaed that dopamine nhibits GtH teleasei/ztdﬁ

3

the goldfish pituitaty by stimulating a dopamine D2~11ke recéptor on the
.

.
’
7 - -
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—
gonadotroph. The purpose of the present research was to investigate the

binding characteristics of a goldfish' pitultary
[3H]—spiperone/neuroleptic binding site; which e propose represents the

goldfish pituitary dopamine receptor associated with inhibition of ‘GtH-

gecretion. ¢

\l | v
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MATERIALS AND METHODS
Experimental animals:

Common or comet vari‘ety gol'df-ish (approximately.éo g; 13-15 cm);.of
mixed sex were obtained from Grassyforks Fisheries Co., Martinsville,e
Indiana or from Ozark “Fishei}es, Stoutland, Missouri. Fish weré
maintained for several weeks in flow-through aquaria at simulate;
ambient temperature>(7719 oC) and photoperiod (8-17 h photophase), and
fedhtwiée daily with commercial trout food. In all cases animals were
'anaesthetized‘ (tricaine wethanesulphonate; 0.5 g/1) prior -to ;ny
handling. To harvest pituitaxy glands, fish were anaesfhetized, .killed
by spinal transection just poste;}oﬁxvto the medulla oblongata, and the
pituitary“removed and placed into ice-cold assay~-buffe£ (Tris, 50 mM;

«

2 1 oM; CaClz," 2 oM; "pH=7.4). All

subsequehé procedures were perforwmed at 0-4 oC..

NaCl 120 wmM; KCl1, 5 oM; MgCl

[3H]—Spiﬁerone Radioreceptor Assay:

t

Variogs components of this radiofecethr 'gssay were carefqlly
examined in the process of désigning the presé€nt veybion. Efforts were
dlrected towar&z "op5§m1zing" the .assay with "}especc to conse?ving
binding si}ef (for eXample by oinimizing loss thro;gh deéradacionA and

poor retention, and minimizing dissociation). 1In nuberoua preliminary
L._ ' -
studies the following specific agpects of this assay ‘were evaluated (i)

protocol forlheparation of bound from free radioligand (11) the design

of the filtration apparatus, (1i1) selection of optimal filter material

3

(iv) maximization of the retention of tissue bound radiolignnd and
) N AN o
' minimization of adsorption of radioligand to filteta and non-specific :

3

- . s
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N

-

binding ot radioligand to tissue, (v) conservation ot bound
radfoactivity, (vi) evaluation ot various goldtish pitultary
preparations to localize blinding subcellularly and minfmize nonspecitic
binding <;t radloligand, and (vii) selectton of optimal ftncubation
temperature to reveal maximal numbers gf binding sites and prevent loss
through temperature-related degradation. Although the findings of these

tnvestigations were central to the design of the radiloreceptor assay
N

they do not constitute “original tindings”™; consequently these findings
3

are summarjzed in Appendix Il.

Whole pituftary glands (average wet weight 2 mg) were rinsed three
times with excess buffer then homogenized in 5 wml of buffer with 8
strokes of a motor-driven Teflon:glass homogenizer (0.125 om ciearavnce)‘.
The pltuitary homogenate was then diluted to the desired concentration

with buffer.
N
. . ¥ o
The assay was conducted in 16 X 100 mm borosilicate culture qﬁbes,
and the assay wmixture consisted of 3 wml of buffer, 1 ol of
[3H]—spiperone (New England Nuclear, Boston, Massachusetts, 22-28
Ci/mmole), 1 wml of pituitary homogenate or buffer, and 1 ml of
unlabelled competitor or buffer. The reaction was initiated by addition
8 | °
of p uitary homogenate, incubated st 0-4 'C for defined periods, and
then terminated by rapld vacuum filtration (< 3 sec) of the incubated
material througﬁ’ﬁ%atman GF/B filters (presoaked for 36 h ip buffer),
followgd {mwediately by a rinse with 5 ml of buffer. Filters were placed
into 20-ml glass scintillation vials and - dried in an airstream at room
tempe&?fure for 24-48 h. After the filters were dried, 10 ml of a

‘

toluene~based scintillation cocktail (toluene 700 ml:methoxyethanol 300
~

>

.
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Do
wl; POPOP 0.1 g, PPO 4 g) was added to each vial; the vials were capped
and incubated at room. temperature, in the dark, overnight until the
. .

filters were translucent. lBH]—Radioactlvlty was counted {n an LKB 1217

liquld scintillation counter at approximately 29 % efficiency.
Specitic Investigations:

A. Effect of tissue content on total and specifically bound
3 3
| " H]-spiperone and tissue specificity of specific { H]-splperone

EY

binding .

, [3H]—sp1perone (1.6 X 10 0 M) was incubated for 2 h with buffer
(blank binding) or with various concentrations of pitultary homogenate
in the absence (total binding) or in the presenc; (non-specific binding,
“NSB") of 10—S M domperidone (Janssen Pharmaceutica, Beerse, ﬁelgium).
Specific binding was defined as the difference in bound radiocactivity
between total and NSB.

In another protocol goldfish were anaesthetized and bloo8 sampled
by puncture of caudal vessels as described in Omeljaniuk et al. (1987);
fish were killed and various tissues were removed, pooled and prepared
for the radioreceptor assay. Whole blood was centrifuged at
approximately 10000 g X 30 min at 4°C and an aliquot of the pelleted

eells was weighed, homogenized and diluted to 2 mg wet weight per ml of

/
buffer; similarly, brain, testes and 1liver were prepared and all

pEeparations were used as 1 wml per 1incubation tube. Tisedes, were

incubated with [3H]—spiperone as above except for 30 min.

B. Nature of [3H]—radioact1v1ty in the radiorecepto;}assay.



[}H]—Spiperone (1.8 X 10—9 M) was incubated for 2 h with pitultary
homogenate in the absence or presence of 10_3 M domperidone. After 2 h
of {ncubation, maferlal.p was sampled ftor extractioa; samples of a
[3H]—spiperone standard in buffer or incubated material were extracted
with chloroform:methanol (9:1) under gitrogen, in darkness, overnight.
Aliquots of extracted material were concentrated by evaporation under
nitrogen. Extpacts were chromatographically evaluat;d by thin layer
chromatography (TLC) on silica gel G TLC plates (Fisher) in a solvent

system of chloroform:methanol (9:1). [BH]—Radioactivity in TLC tractions

was counted as previously described.

C. Assocdiation of specifically bound [BH]—spiperone to goldfish

pituitary homogenate.

9

In 3 separate experiments [BH]—spiperone (0.13-1.3 X 10 M) was

incubated with pituitary hoéogépate in the absence or in the presence of
M dompefidone for various periods of.time. .
.

1 x 107°

I*. Dissociation of specifically bound [3H]—spiperone from goldfish

pltuitary homogenate.

In 2 separate experiments [3H]-spiperone (0.12 X 10_9 M) was

incubated with pituifgry homogenaté for 30 win in parallel groups . of

tubes before one group of tubes received 20 ul of a dowperidone solution

(ginal concentration 10-'5 M). Thereaiter, the reaction was allowed to

proceed for various durations.

.
E. Saturation analysis of the goldfish pituitary [3H]-spiperoqe binding

sites.
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In 3 separate experiments goldfish pituitary homogenate was

incubated for 30 mwin with {ncreasing concentrations of combinations of
o~ 3

unlabelled spiperone (Janssen Pharmacdutica) and [ "H]-spiperone, in the

absence or presence of 10-3 M domperidone.

-

»
F. Displacement analysis of the goldfish plitultary [3H]—sp1perone

binding sites.

In 5 separate experiments -goldfish pitultary homogenate was

{ncubated fog 30 min with [3H]—sp1perone (0.1-0.4 X 10 " M) 1in the

absence or presence of various concentrat?ons of domperidone.

*

G. Effect of dopamine & antagonists and dopamine agonists on

»
[}H]—spdperone binding to goldfish pituitary homogenate. 4

Goldfish pituitary homogenate was {incubated for 30 wmin with .

9 M) in the absence or presence of various

[BH]—spipero.ne (0.1-0.4 X 10~
concentrations of dopamine agyhgonists (dowperidone, spfperone, pimozide
(Janseen) or (+)- or (-)—sulpiride (Ravizza s.pﬁa., Milan, 1Italy),
metoclopramide (Sigma, St. Louis, MO, USA)) or dopamine-agonists ((+)-
or (-)—apomorphine '(Repearph Biochemicals 'Inc., Natick, MD, ¥sA),
(+/—)—apo;orphine (Sigma), pergolide (a generous gift from Dr. Gleﬁ
Baker, Neurochemicql Research Unit, Dept. fsychiatry, Universify of
Alberta, Edmonton, Canada), lisuride (Schering AG, Bérlin; W.Germany),

bromocryptine (Sigma)). N : .

H. Displacement analysis of the [3H]—spiperone binding site in the pars

distalis (PD) or neurointermediate lobe (NIL) of the goldfish pituitary.
> .



o The PD was surglcally separated frowm the  NIL in vitro and " lobes
were pooled and prepared for assay similar to whole pltuitaries.
Homogenates of the PD or NIL were incubated for 30 win with

9

[BH]—spiperone (0.1-0.2 X 10~ M) 1in the absence or presence of various

concentrations of domperidone., -~

Determination of pro{ein content .

Determination of pituitary protein coantent was made by the Bradford

method (Bradford, 1976) using Bio-Rad dye reagent (Bio-Rad Labstatories,

130

Richmond, California) and bovine serum. albumin (Sigma, St. Louis,

Missouri) as a protein standard.
t

Data analysis.

Where indicated, a cowputerized non-linear least squares curve
fitting program (LIGAND) was used for Scatchard andlysis and
determination of best fit lines (Munson & Rodbard, 1980). A cowmputerized
four-parameter logistic curve fitting program (ALLFIT) was used for

v

values (Delean, Munson &

analysis of curves and determination of EDSO

Rodbard, 1978).
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RESULTS f
<

A. Effect of tissue content and type on total and specifically bound‘

[BH]—spiperone. x
L

" Total and specifie [3H]—spiperer binding to ‘goldfish whole
pituitary homogenate increased -directly with tissue content (Figure
1V-1A). Specific binding approached maximum values of 6-7 Z of total
radiocactivity at 2 or more pituitary-equivalents per tube (approximaeely
22 ug protein/5 ml). In contrast, total binding using up to 4 pituitgry
equivalents per tube qrepresenteg approximately 20 % of total
radicactivity and did not app;ar to approach maximal f;vels. At a tissue
content of 1l-pituitary-equivalent/tube total and specifically bound
\[3H]—§piberone represented approximately 10 and 5 % of total
radioactivity, respectively.

Absolute amounts of specifically bound [3H]—spiperone varied with
the nature of the tissue (Figure ‘IV—IB). The largest amount of specific

v

[3H]—spiperone‘binding,

.

adjusted for tissue mass, was observed in

€

pituitary homogenate; 1less binding was observed 1in preparations of
brain, testes and liver whereas there was winimal bind1n§ to a

preparation of blood cells.

B. Nature of [3H]—radioactivity in the radioreceptor assay.

LN

The TLC chromatographic p;ofile of [3H]—spiperone, diluted in assay
buffer, appqg;ed as a single major peak with an Rf value of

approximately 0.42-0.47 (Figure 1IV-2). Organic extracts of aliq‘uots° of

pituitary homogenate 1ncubate& with [3H]-spiperone in the absence or
\ | ] . =
| : '



13

2
presence of 10—S M domperidone had chromatographic profiles similar to

the standards.

<

C. Assoclation of specifically bound [BH]—spiperone to goldfish.

pltuitary homogenate.

-
Specific binding of [BH]—spiperone to goldfish whole pitultary

homogenate increased rapldly after initiation of incubation (Figure
IV-3). Maximal levels of specific binding occurred at 30 min and were

"
about constant through to 8 h. - %

D. Dissociation of specifically bound [3H]—sp1perone~ from goldfish

pituitary homogenate. .

[3H]—Spiperone, specifically bound under equilibrium conditions,
dissociated rapidly upqn addition of excess domperidone (Figure IV-4).
@
The dissociation kinetics of specifically bound [3H]—Sp1perone exhibited
a single compdnent with an estimated half-life (tl/z) of 9.2 win, and an
2

estimated dissociation rate constant (k—l) of 7.56 X 10~ min—1 (Bennet

& Yamamura, 1985).

E. Saturation analysis of the goldfish pituitary [3H]—spiperone bindiné

site.

Spiperone bound ‘to goldfish pituitary homogenate in a saturable
fashion (Figure IV-5). ALLFIT analysis of the data indicated the

presence of a single class of binding site with an  estimated

dissociation cgqstant (Kd) of 7.39 1_1.23 X 10“'6 M and an estimated

capacity of 3.03 + 0.261 X 10-9 moles/pituitary (31.56 + 2.72 X 10-9

moles/mg protein). Simple Scatchard analysis (Scatchard, 1949) of the
) ¢
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data (Figure 1IV-5 inset) e§timated\fhe Kd as 2.1 X 10_S M. angd the

capacity as 5.75 X 10_9 mofes/pituitary.

'

F. Displacement analysis of the goldfish pitultary [3H]‘spiperone

¢

binding site.

Domperidone displaced [3H]—spiperone from goldfish plituitary
homogenate in a dose-related fashion (Figure 1IV-6). LIGAND analysis of
the data indicated the presence of a single class of bindidg sites with
a Kd of 2.94 + 0.5 X 10°° Mand a capacity of 2.09 + 0.23 X 1077
moles/pituitary (19.47 + 3.12 X 10—9 moles/mg protein).

Computerized Scatchard analysils (Figure 1IV-6 1inset) of the data

similarly indicated a single class of\g}ading sites. .

G. Effect of dopamine antagonists and dopamine agonists on

[3H]—spiperone binding to goldfish pituitary homogenate.
: 4

[3H]-Sp1perone was displaced by spiperone and domperidone in a {
similar fashion and to equivalent degrees (FigureaIV-7A). In contrast,
]

(+)- and (=)-sulpiride shared a common potency‘ to displace

[3H]-spiperone but whose apparent minimum effective doses (approximately

10_5 M) was approximately 100 fold greater than that of spiperone or
domperidone (approximately 10-7 M). Pimozide had’aapocency to 1inhibit

. 3
[3H]-spiperone'binding -similar to that of domperidone (Figure 1IV-7B)

whereas metoclopramide was less potent and had an approximate EDSO of.

10747 u.

LY

Data from 4 independent experiments indicate that apomorphine,’
-~ ‘ .
either separated - optical 'isomers or a taCe&lg‘ mixture, inhibited

-

[3H}éspiperoge‘binding by 90 % between 10.7 and 10 ' M (Figure IV-7C)..f

=

he
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Pergolide and lisuride had similar potencies for inhibition of

0—5.3

[BH]-spiperone binding (ED approximately 1 M; bromocryptine

50

- A
inhibited [BH]—spiperone binding by only 30 7 betweemn 10 6 and 10 M.
: «

H. Displacement analysis of the [BH]—spiperone binding site in the PD or

NIL of the goldfish pituftary.

Domperidone displacég [3H]—ép1perone from homogenates of the PD and
NIL of the goldfish pituitary"gland in dose-related fashions (Figure
IV-8). LIGAND analysis of these data indicated the existence of a single
\class of binding site in the PD<“and NIL. The.binding sites in both lobes

% M and 4.1+ 1.21 X 10°° M for

shared similar Kd's of 3.73 + 0.248 X 10~
the PD and NIL, respectively. In contrast, the capacity of the PD (38.89
®2.07 X 10_9 moles/mg protein) was sigﬁificantly (p<0.05) smaller than

that of the NIL (109.45 + 25.33 X 10—? moles/mg protein).

~ -
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‘DISCUSSION 3\

The e*istence of a teleost pituitary dopamine receptor has been
suggested on the basis that dopamine inhibfts the release of several
pituitary hormones such as prglactin (Olivereau, 1975), and o =MSH
(Olivereau, 1978; Olivereau et al., 198%). In particular, ;ecent
‘evidence strongly indicates that dopamine is a potent gonadotropin-
release 1inhibiting factor (GRIF),‘in goldfish and other teleosts

/ .
(reviewed by Peter et al., 1986). Furthermore, the presence of
dopamine/neuroleptic receptors in the pftuitary 1is indicated by the
finding tha® thé goldfish pituigpry preferentially conéentrated

intraperitoneally injected [3H]—domperidone, relative to whole blood,

the godéds, and the brain (this thesis, Chapter 11).

.

The teleosts lack a functional hypathalamo-hypophyseal blood portal

system, but both the PD and NIL are directly innervated by

neurosecretory fibers (Ball, 1981).' In the g§Idfish, gonadotrophs An
particular are directly innervated by neurgns reacting to antisera

against GnRH (Kah, Breton, Dulka et al., 1986&3 as well as by neurons

b

reacting to antisera against dopamine (Kah, Dubourg, Ontenient éﬁ al.,
1986b). In addition, a recent in vivo investigation using dopamine

receptor-specific antagonists suggests that:Bin ‘goldfish ‘dopamine

N

inhibits GtH secretfon by stimulating a pituitary dopamine/nguroleptic

(D2-1ike) receptor (this thesis, Chapter 1I). /

In the present investigation, % have used [3H]-lp1perone to

characterize the binding parameters of a spipetone/neuro;epﬁic binding
, , _ _ N

site. Spiperone is a dophmine:DZ-selectivé receptor antagoﬁist that has

@



been used widely to identify brain (reviewed by Seeman, 1981) and
pituftary (reviewed'by Cronin, 1982) dopawmine receptors. The findings on
thé binding of [BH]—spiperone to goldfish pituitary homogenate satisfy
most of the criteria related to 1igand:re;eptov interactions as outlined
by Cronin (1982), Laduron (1984), and ﬁeysen (1984); * binding was
tissue-specific and the magnitude of bindiﬁé was found to be dependent
on tissue (protein) content and specific binding to be heat-labile (data
Mot shown); association was rapid and binding was revérsible
(dissociable) by addition of exces's competing ligand; the assoclation
rate was tempe:a;ﬁggfégbendent (data not shown); although binding was of
relatively 1o§ﬁ; ; éy i1t was saturable, displaceable, and specifically
inhibited by drugs from different chemical classes; finally, density of
binding sites, relative to protein coqtent, differed significantly
between regions of the goldfish pituitary. The data indicate that under
the conditions of this radioreceptor assay [BH]—spiperone is identifying

a single type of dopamine/neuroleptic receptor.

Based on the currently ‘zécepted classification of dopamine
receptors, Dl and D2, (Leff & Creese, 1984) the goldfish pituitary
spiperone/neyroleptic binding site more closely resembles the

’

dopawine:D2 receptor. Investigations of pituitary dopamine receptors

indicate that the mammalian pituitary contains only the dopa;ine:DZ

receptor subtype; [3H]48piperone has been used tovlabefi a maommalian

pituitary dopamine:D2 receptor (Kd approximately 0.13 X 10—9 M) (George,

Watéﬁ;be & Seeman, 1985). The ﬁi;uitary dopamine:D2 receptor is most

commonly associated with prolactin-seéreting cells in the‘par; distalis
P

(Cronin, 1982) and with & -MSH-secreting cells 1in the pars intermedia

(Cote et al., 1982). The dopamine:D2 receptor, in contrast to the
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dopamine:D1 receptor, 1is sensitive to substituted benzamides ‘and can
discriminate between the active and inacti$e stereoisomers (-)- and
(#)-sulpiride, respectively (Grigoriadis & Seeman, 1984). As well,
dopamine:D2 receptors exist 1n.high— and low-affinity states; D2-high is
readily convertable to D2-low in vitro {George et al., 1985). Our
present stuéy using [3H]—spiperone indicates that goldfish pituitary
dopamine receptors cﬁnsist of a single class of low affinity (Kd

approximately 3-7" X 10_6 M) binding sites which do not appear to be

» f
stereoselective for the 1somers of sulpiride or apeworphine. Both
- saturation and displacement protocols ylelded cowparable values for

affinity (Kd eetimatedxfrom saturation analysis was 7.4 + 1.2 X ].O-6 M

vs 2.9 i__).("lO-6 M for the displacemenz analysis estimate of Kd) aAd ’
capacity (31.6 +2.7X 10—9 moles/mg proteih determined from aa;uration
analysis w¥s 19.5 + 3.1 X 10-9 moles/mg protein determined from
displacement analysis). Previously, ‘on the basls of' preliminary
experiments, we ‘repo;ted‘the saturable binding of [3H]-spiperone to -
goldfish pituitary hgmogenate with an .estimated Kd of 1.95 X 10_9 M
(Peter‘gg_gl.,r1986). ‘In spiéb of subsequent repeated trials, we have
not been able to confifmcthe existence of this high affimity binding
site. l ‘"' ’

Domperidone has been shown to bé a potent and specifié
dopamine-receptor antagonist. (Sowers, Sharp & McCailum, 19825} and .
[3H]-dompefidone has been used in in vitro radioreceptor 'ags?y; to
identify dOpamine:ﬁz receptors in striatal membrgne prepa?ationa
(Mﬁétres, Baudry & Schda:tz, .1978) anq on intact pituitary cells in

culture (Foord, Peters, Dieguez, Scanlon & Hall, 1?83). The micromolar

potency of domperidone for the-gisplacemeht of ‘[3H]-o§1perone' from

. - L)
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goldfish pituitary homogenafe 1s consistent with our findings of the

micromolar potency of domperidone to reverse dopamine inhibition of

138 0

CnRH—stiwulated GtH secretioq ig.vitro (this thesis, Chapter III). By

way of comparison, recent studies have shown that in the goldfish there

are two clasgses of ﬁitui ary binding sites for GnRH with Kd's in the

nanomolar and sub-nanom ar‘range (Habibi, Peter, Sokplowska et al.,

1987). Compariéon of

(this thesis, Chdpter
\

(MacKenzie, Gould, er et al., % 1984) \i?dicates that GnRH's are
kol \ )

effective at nanomolar concentrations, whereas domperidone is effective

at micromolar concentrations. These findings imply that, in the:goldfish

M -9

pituitary, GnRH's 1interact with high Affinity \KKdS_ 10 M)“GnRH

receptors whereas dopamine antagounists interact with \ low affinity (Kd

L4
\

approximately 10_6 M) dopamine/neuroleptic receptors. \

- Y
N A

kY

The~present study shows that the binding §bf [3H]§spiperone to
goldfish pituitary homogenate was inhibited, but noé stereospgcifically,
b4 N .

by the substituted benzamides (+)- and (—)-sulpirideé.This‘ﬁsnding is

I1) versus‘the effective dosages of GnRH in.vitro
y : . ¢ _—

he molar effectivgnress of domperidone in vitro

not consistent :with the properties of the classicaﬁ high-affinity

‘dopamine:D2 receptor (Leff & Creese, 1984). However, in keeping with the

low agffinity nature of this binding site, the lack of deg&hstrable

= X
stereospecificity is not unexpected (Hoyer, 1986). We have p}eyiously

>

demonstrated that (-)-sule}ride caﬁsed a small dose-related 1nc;ease. in

P

circulating GtH leveléd in goldfish, whereas (+)48ulp1fide was

s

1neffect1ve;ﬂdomper1done was far more potent than (-)~sulpiride in this

regard (this thesis, Chapter II). bata‘from in vitro studies suggest weak
to nonexistent stereoselectivity for inhibition of GtH and ,°£ -MSH

relsase by isomers of apombrphine {this thesis, Chapter I1II); results

7
7
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from preliminary in vitro studies also indicate ligtle to no
stereoselectivity for antagonism of dopamine action by stereoisomers of
sulgiride. Endogenous catecho}amines are highly labile and thus are poor
ligands to use for -evaluation of.receptor binding. site parameters 1in
"radioreceptor assays that do not contain protective substances such as
ascérbic acid; as well, endogenous catecholamines do not specificalfy
identify catecholaminergic receptér subtypes. As dopamine cangot resolve
dopémine receptor subtyﬁes, [3H]-spiperone, the'ﬁost widely accepted
"dopamine receptp; probe, has been used ;n * this study to examine the
goldfish*pgmine‘/‘ﬁeuroleptic receptor. In mammals,’ [3H]-spiperone has
been used to identify dopamine:D2 receptors with the iimitation that at
high co&gentrations (uM) sgiperone may interact wi;h erotonin binding' )
sites, for éxample 16ﬂ brain tis8ue (Seeman, 1981); \to minimize this
possibility, [3HﬁFspiperone_ was used inllow concentqgtion#Eh(nM) in .
displacemen; experiments in this 'étudy. To date, thé bulk of ° evidénqe‘

v

indicates that domperidone is' a sgspific dopamine:D2  receptor

antagonist; there is no evidence to indicatefthaq,dompefldbne interacts

with serotdnin'binding gites. The results of this study sug#eht that
[3H]-spip€£ong and :ddmperidpne ‘1dent%§y a goldfish ~pituitary
dopémineinéuroleptic receptor,. Kefans;rin ‘1n'm?mmais‘ is,;pecific 5HT2
receptor a#tagbniht whiéh fhares ;dmg,vSCcht;ral .siﬁilgtities Gith
domperigoné. Preligin;ry studiés using g&ldfish pituitary- tissue
}ﬁhicqte tﬁat ketanserin significantly inh;bitéd [3H]-sp1per§9e binding;
however, the significance of this anom;lous finding is aot clear as
. ketapseriﬂ binQing«does,uot appear to gorre}ate wfﬁh :he.kno§§‘ aq$16na
of keCan;erin on GtH secrecfén iB;XEXQ (Somozoa & Pqtér, “unpublished
, . . . , ‘

resﬁlts). These data suggest that although [?H]-spiperode identifies a

°

¢ . . . . -



dopamineYneuroleptic receptor in  the goldtish pltuitary, there are
aspects ot binding speciticity which may not be strictly fu accord with

the classtcal detinition ot the dopamine:D2 receptor in mamnals.

OQur results Indicate that - the NIL of the goldtish pituitary
contalned a signiticantly greater number ot dopam1ne/neurolep£ic
receptors than the PD; this finding subsequently has been confirmed
(this thesis, Chaptet V). The goldfish NIL s tichly innervatedtby
dopamine-immunoreactive neurons (Kah et al., 1986ba), and there Is

-substantial evidence for the inhibition ot @« -MSH secretion by dopamine

{n teleosts (Olivereau, 1978; Olivereau et al., 1987; this thesis,

Chapter 1I1), amphibians (Tonon, 1984), and mapmals (Cote Sﬁ_ﬁi" 1982).

In summary, this study provides evidence for the existence of a
goldfish pltultary [}H]—spiperone/neurolept1c binding site that has the
btnding characteristics of a receptor. This 1s a low affinity, high
capacity binding site whose pharmacological characteristics, tissue
distribution, and apparent functional relationship to the dopamine
antagonist domperidone resemble phose of a dopamine:D2 receptor. This is
the first demonstration of the ;xistence and binding characteristics of
a dopamine:D2-1like receptor in the pituitary of a non-bammalian

vertebrate.

v
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Figure IV-1A: Biunding of [3H]—sp1perone ( % of total radioactivity) to
various concentrations ot goldtish pituitary homogenate; total (circles)
and specitic (triangles) binding; non-specific binding=[3H]-spipernne
\ -5
bound in the presence of 10 M domperidone. Values are means +/- S.E.M.
(n=5-6).
. 3 .

Figure 1V-1B: [ "H]-Spiperone (cpm/wg) specifically bound to wvarious
goldfish tissue preparations wusing approximately 2 mg (wet welght) of

tissue equivalent per assay tube; l-pituitary equivalent is

approximately 2 mg (wet weight). Values are means + S5.E.M. (n=6).
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Filgure IV-2: [3H]—Radioactlvity (cpw) in l-cm fractions of silical gel G

3H]—spiperone standard in assay Dbuffer;

5

TLC chromatograms of (1) |

organic extracts of incubated wmaterial without ({i) or with (1iii) 1077 M

domperidone .- Arrows lndicate solvent frout.
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Figure IV-3: Assoclation of specifically bound [BH]—spiperone (% maximum

specific binding) as a function of incubation time. Values are weans +/-

S.E.M. (n=3) from 3 independent experiments.
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A

Figure IV-4: Dissociation of [BH]—spiperone (% maximum specific binding)
bound at equilibrium to goldfish pituitary homogenate after addition of
domperidone (final concentration 10'_5 M). Values are means +/- SYE.M.
(n=3) from 2 independent experiments. Mathematically estimated- half-1life

(

11/2), and dissoclation rate constant (k—l) were 9.2 wmin and 7.56 X

10_2 min , respectively (Bennet & Yawamura, 1985).
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Figure IV-5: Saturation analysis of the goldfish pituitary
3 ’ -9

[ 'H)-splperone binding site. Specifically bound spiperone (X 10 moles)

as a function of ambient spiperone (M). Values are wmeans +/- S.E.M.
(5;3) from 3 independent experiments. For purposes of clarity not all

polnts at < 1 X 10 6 M are shown. “Inset: simple Scatchard analysis of

M (ALLFIT) vs 2.1 X 10> M

data. Estimates of Kd were 7.39 + 1.23 X 10
(simple Scatchard); capacity was 31.56 + 2.72 X 10_-9 moles/mg protein

(ALLFIT).
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Figure 1IV-6: Displacement analysis of . the goldfish pituitary

[BH]—spiperone binding site. [BH]—Spiperone bound (7% Bo; binding id‘ the
abgence of competitor) to goldfish pituitary homogenate as a function of
ambient domperidone concentration (M). Values are means +/- S.E.M. (n=3)

from 5 independent experiments. Inset: LIGAND based Scatchard analysis

of the same data; overall means of B/F ,at a given domperidone

S

concentration. Estimates of binding parameters were Kd=2.94 + 0.54 X

10—6 M and capacity=19.47 + 3.12 X 10—9 moles/mg protein.

i “
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Figure [V-/7: Ettect ot dopamine wtagonlsts and  dopamine agoni=is on
3 N
binding of [ ‘H]-splperone to goldtish pltuitary homogenate .
3 R . .
A. [ H]-Sptperone bound (%2 B blanding 1in  the absence of
(2l
compet{tor) to goldfish pltuitary homogenate as a function ot ambient
competitor concentration (M): splperone (squargs), domperidone

(circles), (+/-)-sulpiride (triangles). Values are means +/- S.E.M.

(n=3) trom 4 {ndependent experiments.

B. Comparison ot domperidof. metoclypramide , and plmozide
, _ .
tnhibition of [ H]-splperone binding to goldfish pituitary homogenate.
Values are means + S.E.M. (n=3) trom a single experiment.
C. Comparison of the effects of the dopamine agonists pergolide,
lisuride, bromocryptihe, and preparations of Isomers of apomorphine on
3 _—
inhibiLton of { H|-splpervne binding to goeldfish pltuitary homogenate.

Valued are means + S.E.M. (n=3) from 2 independent experiments.

4
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Figure IV-8: Displacement analysls of the [3H]—sp1perone binding site in
the PD and NIL of the goldfish. A. [BH]—Spiperone bound (B/T; binding in
the absence of competitor expressed as the proportion of total
radloactivity) to goldfish PD and NIL homogenate as a function of
amblent. domperidone concentration (M). Values are means +/- S.E.M. (n=3)
from 2 independent experiments. Curves are based on LIGAND analysis of
the data. PD (squares), NIL (circles). B. LIGAND b;sed Sc;tchard
analysis of the same data. Estimates of binding parameters were Kd=3.73
+ 0.248 X 10_6 M for PD vs Kd=4.1 + 1.21 X 10”6 M for NIL; capacity
estimates were 38.89 + 2.07 X 10_9 moles/wg protein for PD vs 109.45 +

25.33 X 10_9 moles/mg protein for NIL. PD (open squares), NIL (open

circles).
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V. Alterations in pituitary GnRH and dopamine receptors associated with
the seasonal variation and regulation of gonadotropin (GtH) release in
the goldfish (Carassius auratus).

INTRODUCTION

In goldfishy and other teleost fishes, GnRH and dopamine act
directly on the pituitary to regulate the release of GtH; GnRH
stimulates GtH release whereas dopamine wodulates the spontaneous
release of GtH and inhibits the action of GnRH (for review see Peter,
Chang, Nahorniak et al., 1986). We have previously demonstrated that
domperidone, a specific dopamine receptor antagoﬁist, iqjected i.p. into
goldfish increased serum concentrations of GtH in a dose-related wanner
(this thesis,‘ Chapter 11); domperidone and [D—Arg6, Trp7, Leu8,

Prog—NEt]—LHRH (sGﬁRH—A) exerted synergistic actions in terms of the

serum GtH levels studied in vivo. Domperidone is a suitable dopamine

antagonist for 1nvéstigation of regulatory actions at the piltuitary
level, since it does not enter the brain but acts directly on the
pituitary (this thesis, Chapter II).
In untreated male and female goldfishes, serum concentrations of

GtH vary over the annual reproductive cycle; - méximum'GtH levels occur
during advanced stages of season gonadal recrudescence (Kobayashi, Aida
& Hanyu, 1986). As well, previous evidence indicates that maximdl
responsiveness of the piguitary to 1'—Ala6, Prog—NEt]LHRH (LHRH-A) and
pimozide, a dopﬁmine antagonist, occurs annually, during ad‘vanced stages
of ovarian recrudescence (Sokolowska, Pet:ez",‘;i Nahorniak et 9_];.,‘1985).

e' In mammals, donip’eridone specif}i:ally binds to a single class of
dopamine receptors ‘(D2 subtype) (Baudry, Martres & Schwartz, 1979),
r;esulting in increased releas. of prolactin and thyrotropin . by'
antagonizing dopamine action (Maﬁsa;.'a', Cammdhni, @61‘090 et al., 1981;

[
..
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Sowers, Sharp & McCallum, 1982). In view of previous findings concerning
the inhibitory actlon of dopamine on GoRH-induced GtH release in
goldfish, we carried out studfes to investigate the effects of an
ag§nist analogue of teleost ‘GnRH on GnRH and’ dopamine/neuroleptic
receptors, and of domperidon:, a dopamine receptor antagonist, on GnRH

receptors. Also, dowperidone was used in the goldfish in vivo to examine

the role of dopamine 1n seasonal changes 1n regulation of GtH release
and to lInvestigate the 1integration of dopamine and GnRH actions on

regulation of GtH release.
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MATERIALS AND METHODS

Experimental animals:

Male and fewmale common or comet variety goldfish (Carassius

auratus; approximately 26 g, 10 - 12.5 <cm) were obtained froyﬁ

Grassyforks Fisheries Co., Martinsville, IN, U.S.A. or Ozark Fisheries,
Stoutland, MI, U.S.A. Fish were mpaintained for several weeks in
flow-through aquaria at controlled (+ 1 oC) ambient temperatures (7 to
19 oC, annugl range) with simulated natural photoperiod (7‘to 17 h
photophase, annual range) (Edmonton, Canada), a;d were fed twice daily
to excess with commercial trout food. The day before an experiment, fish
were anaesthetized in tricaine methanesulphonate (0.5 g/l), weighed and
identified by an opercular tag (No. 1005 Size 1 monel; National Band and
Tag Co., Nepr{t; KY, U.S.A.). In all cases, animals were anaesthetized

béfore any handling.

Specific investigations:

A. Seasonal variability of the serum GtH response to domperidone.

' 4

At various times over a 12 month period—male and female goldfish

!
were maintained under a simulated natural temperature and photoperiod.
Goldfish were segregated into groups then injected {i.p. with vehicle

(dimethyl sulfoxide (DMSO):propylene glycol; 1:2, v/v) or a given dose

(3

of domperidone (Janssen Pharmaceutica, Beerse, Belgium). ﬁompgtidone was

dissolved in DMSO (Sigma, St. Louis, MO, U.S.A.). then diluted to final
concentration forAinjectidn with propylene giycol (at a rate of 1 ol/kg
EJ' 4

body weight); fish were injected with a 25 guage (g), 16 mo fﬁeedle

mounted on a 50 ul Hamilton-glass syringe. Blood samples were collected

f
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24 h after injection/by puncture of caudal vessels using a 25 g, 16 ow
needle mounted on a 1.0-ml tuberculin syringe. Coiledted blood was
transferred to 1.5-ml polypropylene centrifuge tubes, kept on ice for
several hours and centrifuged (13000 g X 10 wmin at 4 OC), Serém was
transferred to 500-ul polypropylene centrifuge tubes, frozen on dry ice
and stored at -20 °c until radioimmunoassay (RIA) for GtH (Peter,

Nahorniak, Chang & Cfim, 1984).

B. Effect of wmultiple sGnRH-A treatments on the serum GtH/response to

domperidone.

Goldfish of mixed sex were maintained in 2 separate groups at
simulated natural conditions ( 7°C; 12 h photophase). Goldfish in each
group were giéén 3 1.p; injections, 48 h apart; one group was injected
with sGnRH-A (1.5 ug/injection;_a gift\ from J. Rivier and W. Vale, The
Clayton Foundation Laboratories for Peptide Biology,‘Salk Institute, La

Jolla, CA, U.S.A.), while. another group ‘was treated wtiﬁ vehicle.

sGnRH-A was dissoved in DMSO and diluted to injection volume with

166

propylene glycol, then injected as a 20 ul bolus in a vehicle of .

DMSO: propylene glycol (1:2, v/v). Twenty—-four hours after each injection

10 fish from eacﬁ group were blood-sampled; as described above, " and
returned to their group. Forty-eight hours after tﬁe final treatment the
fish in each treatment éroup were segregated into six subér6Ups; fish in
one subgroup were given an 1i.p. injection ;f vehicle >(DMSO:p;opylene
jglycol; 1:2, v/v) while fish in other subgroups were injected with a
given dos? of domperidone in a to?al volume of 1 ml/kg ‘body weight. Fish
were blood-sampled 24 h after this 1injection and sérum samples were

L 4

subsequently analyzed for GtH content by RIA.



)

C. Effect of repeated treatment of g%ldfish with sGnRH-A on the binding
parameters of [3H]—sp1perone to goldfish pituitary howogenate (March,

1987).

Goldfish, malas and fewmales, were'segregated into 2 groups and

maintained at a simulated natural temperature (11 0C) and photoperiod

"(12 h photophase). Fish in each group were then injectedywith vehicle or

anRH;A as described in B above. Forty-eight hours after the third
injection all fish received an i.p. injection of vehicle (DMSO:propylene
glycol, 1:2 v/v). Twenty-four hours follow{gg the final injection, f£ish
were anaesthetized, killed and thcir pituilary glands harvested. The

pars distalis and neurointermediate lobes were sepafated, prepared, and

167

used in a radioreceptor assay in which tissue was 1incubated with’

[3H]-Spiperone (New England Nuclear, (NEﬁ» Boston, MA, U.S.A.; 22.8
Ci/wmol; 0.1~0.2 nMJ and various concentrations of dowmperidone as

described in this thesis (Chapter IV).

’

D. GnRH receptor assay in goldfish pituitary.
GnRH receptor characteristics were investigated in the gcldfish

£

pituitary following injéction . with either sGnRH-A (2 injections, 3

.ug/injection, 12 h apgrt) or domperidone (1 injection, 40 umol/kg body

weight). The fish were anaesthetized/and killed at 24 h following the
initial treatment, pituitariee collected and GnRH—binding properties
measured as described by Habibi Peter, Sokolowska et al (1987a), using

[1 I]-sGnRH-A as labeled ligand GnRH recepcor aﬁfinity gequilibrium

\

association constant) acd capacity (number of receptdrs per ng -of

- . -

protein) for each pituitary were estimated fronfd;spladhneht curves by

unlabeled sGnRH-A, using LIGAND analysis. The- expe;iﬁents involving

/
-
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*
treatments with  sGnRH-A and  domperidone  were carried  out saparately

using controls which recetved single or two vehlcle injections according

to the treatment groups, and values normalized tor presentation in

single table to tacilitate comparisons; the contrel-injected groups {n

the two experiments were not significantly ditterent trom each other.

rd

Determinat fop of proteln content:

. .

Determinatfon ot pituitary protein content was made by the Bradtford

method (Bradford, 1976) using Biogad dye reagent (Bio-Rad Laboratories,

Richmond, CA, U.S.A.) and bovine serum albumﬂin (S\I‘F\a) as a protein

standard.

\

Data analysis:
Yy

~ .4 .
_Data were analyzed by ©ne-way ‘analysis. of variance add Duncan's

multiple range test (Duncan, 1955); comparisons were made at the p <*

0.05 level of significance. A computerized four-parameter logistic curve

-

A}

fitiing program (ALLFIT) was used for analysis . of curves and
‘!'_ .

¢

determination of half-maximal effective dose (EDSO) values (Delean,

Munson & Rodbard; 1978). Receptor binding data was evaluated by a

computerized non-linear least squares curve-fitting program (LIGAND) for

- .

A v
Scatchard' analysis .and determination of best-fit lines (Munson &
L

Rodbard, 1980).
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RESULTS

A. Seasonal variability ot the serum GtH response to domperlaone.

Serum concentrat{ions of GtH 1n goldfish 1Injected with vehicle
varied on a seasonsl basigi lowest serum levels of GtH were found |in
sexually regressed fish (4.5 i»O.S ng/wl; January) while greatest levells
occurred in fish undergoing advanced gonadal recrudescence (45.4 + 14.7
ng/ml; March) (Figure V-1). At all times of the year, domperidone
increased serum concentrations of GtH in a dose-related wmanner. The
magnéfude of . the maximum serum GtH response to domperidone increased in

correlation with advancing gonadal maturation; the smallest response

occurred in sexuvally regressed fish In January (82.2 + 7.8 ng/ml) while

the largest reéponse occurred in fish 1In late stages of gonadal

9
recrudescence in March (608 + 64 ng/ml). The maximum serum GtH response

was lower in post-spawning fish in May and July, céﬂpared with fieh in

March; in sexually regressed fish in September and December t#e maximum
- \) L]

serum GtH respdnse to domperidone remained relatively stable. ALLFIT
analysis of the domperidone:serum GtH fesponse relationship indicated

) dk domperidone  was

that the half—quimal effective dose (EDSO

approximately 13.6 umoles/kg body weight; the EDSO did not vary

significantly over the course of the reproductive cycle. There was no

apparent correlation between seasonal changeé in ambient temperature or

. . 3 ¢
photoperiod with serum concentrations of GtH 1in figsh treated with

vehiclé or in the sewum GtH response to domperidone (Figure V-2).

»

L S

B. Effect of multiplt sGnRH-A treatments on serum concentrnt%ﬂh‘ of GtH

‘and on the se:\w response toudonperidone.
v R

)

<
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Injection of sGnRH-A ({.p.) increased the serum concentraton of GtH
ifn goldfish (Figure V-3). The GtH respouse to sGnRH-A increased
progressively with each sGnRH-A treatment; serum concentrations of CGtH
remained significantly elevated as long as 72 h after the final
1njéctlon:of sGnRH-A compared with vehicle-injected controls (Figure
V-4). Repeated injection of vehicle had no significant effect of serum
concentrations of GtH (Figure V-3).

Domperidone, 1{injected 1i.p., significantl& {ncreased serum
concentrations of GtH, in a dose-related wanner, 1in both vehicle- and
sCnRH-A-treated goldfish (Figure V-3). sGnRH-A treatwent significantly
fncreased the magnitude of the serum GtH response to domperidone
compared with vehlcle-injected fish (an almost 6-fold difference); the
ED for domperidone action in vehicle-treated fish of 8.5 umoles/kg

50
body weightewas reduced, but not signifcantly, by sGnRH-A treptment.

C. Effect of multiple treatment of goldfish with sGnA§-A on the
binding parameters of [3H]—sb1perone to goldfish pituitary hombgenate

(March, 1987).

sGuRH-A-treatment significantly increased the numbers of specitic
[QH]—spiperone binding sites (dopamine/neuroleptic receptors) in. the
pars distalis over.that of vehicle-treated fish, and caused a large but
non—significanf increase 1in the naumber of binding sites 1in the

neurointermediate lobe (Table V-1). The equilibrium dissociation

constant (Ka)'was unaffected by sGnRH-A treatment.

-

D. Effects of treatment with sGnRH-A and domperidone on GnRH receptors

in.the goldfish pituitary.

< v :
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The displacement curve obtained wusing pltultaries from
control-treated fish indicated the presence of two élasses of binding
sites for sGnRH-A, a high affinfity/low capacity site and a low
affinity/high capacity site, as described previously by Habibl et al.
(1987a). Displacement curves were also obtained wusing pltuitaries
obtained from fish which rgceived either two injections of sGnRH-A, 12 h
apart, or a single injection of domperidone. freatments withH sGnRH-A or
domperidone were without affect on the binding affinity of high or low
affinity sites, but significantly affected GnRH receptor capacity in the
goldfish pitultary (Table V--2). Both sGnRH-A and domperidone
significantly 1néreased the capacity of the high affinity binding site,
but reduced the éapacity of the low affinity binding site compared -to

the controls (Table V-2).
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DISCUSSION _

Our findings Indicate that the capacity of the goldfish pituitary
to release GtH In response to domperidone increases with advancing
seasonal gonadal recrudescence (from January to March); however, there
was no significant change £n the‘ sensitivity of the serum GtH response
to domperidone. Casual exgmination of the raw data did not reveal any
differences between male and female fish in their serum GtH responses to
domperidone. Followf‘. gonadal recrudescence the maximu?,;serum GtH
response to domperidong declined and remained stagle in éost—OVulatory
fish. The pregent findings are consistent whkth those reported by
Sokolowska et al., (1985) demonstrating that the magnitude of the serum
étH response to GnRH, pimozide, or their combination was directly

’\ -
related to the stage of go§igal development of the fish. A previous
stWdy showed that when administered alone dowperidone was wmore
effective'than plmozide in elevating serum concentraticns aof GtH in

,l
goldfish (this thesis, Chapter II1).

Our data indicate that multiple treatment of goldfish with sGnRH-A

significantly increased ‘the‘ magnitude of the serum GtH respohse to

- ]

dcmperidone compared\ with that of vehicle~treated fish. GnRH, by
‘8timulat1ng GtH release, may promote gonadal development. Furthermoré;
there 1s evidence that GnRH potentiates dgv action of dopamine
‘ tagonists like domperidone (this thesis, Chapter II1). The pregent data
demongtrate a correlaiion between seasonal changes in circulating levelg
GtH and seasonal changgg %n the magnitude of the serum GtHf,response
domperido;e, which is also potentiated by sGnRH-A. ”

In goldfish, there is evidence that increased serum concentrations

GtH may be associated with changes in the intensity of neuronal GnRH

v



input to the pituitary; Yu, Nahorniék, Peter et al. (1987 ) have shown
that in female goldfish maintained at 10 OC, hypothalamic and pituitary
GnRH content decreased during ovarian recrudescence. Furthermore, Yu et
al. (*987) have shown a short-term decrease in the GPRH content of the
hypothalamus and pltuitary (as well as olfactory bulbs and
telencephalon) in fish undergoing spontaneous ovulation; ovulation |{s
prece?ed by a pre-ovulatory surge in seryp concentrations of GtH.' These
findings suggest that in goldfish increased neuronal GnRH stimu{3tton of

the pituitary occurs concomitantly with decreased Ahypochalamic ahd

pituitary GnRH content, resulting 1in increased circulating levels of

GtH. Seasonal changes in GnRH stimulation of gonadotrophs may 1induce’

changes in the GtH secretory potential of the pituitary which wmay
explain, in part, seasonal alterations in the serum: GtH response to
domperidone. Preliminary evidence indicates that the ihcrease in . serum
concentrations of GtH in response to i.p. injection of dompe;idone i;to
goldfish is accompanied by decreased hypothalamic and pituitary GnRH
content (K.L. Yu, personal communicatioﬂ). The present findiggs suggest
that domperidg:e increases serum concentrations of GtH 'by _blocking

pituitary dopamine receptors and® perhaps also in part by increasing GnRH

neuronal stimulation of the pituitary..

The present’ findings imdicate that the numbér;of pituitary GnRH ..

receptors is affected by treatwent with either sQnRHdA;or domperidone;

while the treatmenté increased the capa;ity of the high affinihy s}tes,
they reduced the capacity of the low affihity binding sites. There is a

cqrrelation between seasonai cﬁanges 4n the numbers of high- and

low-affinity GnRH receptors and seasonal changes in the serum GtH

173

response -to. i.p. injections of GnRH-analogues - (Habibi, Van der Loo,



Marchant & Peter, 1987b); the function of the 16w affinity sites is not
clear. In the present study, the observed increase In the capacity of
the high affinity GnRH receptors following treatments with sGnRH-A and
dowperidone 18 {n accord with the increased sensitivity of the serum GtH
response in goldfish foliowing treatments with sg;RH—A and domperidone
(Experiments A, B). Nonetheless, it 1is interesting that i.p. 1injection
-y

of domperidone caused a greater increase in the numbers of high-affinity
GnRH receptors than did 1{.p. 1injections of sGnRH-A; yet, serum
cbncentragions of étH in domperidone treated fish were lower than 1in
éGnRH—A tr;ated fish (Table V-2). This phenomenon requires further
'investigation,

The results 'ef this‘ Study confirm ?nd extend our previous
demonstration that sGnRH-A potentiates the serum GtH response to
domperidone (this thesis, Chapter II). The preseqt study. deﬁonst}ates
that repeatéd 1.p. injection of sGnRH-A 1Into goldfish 1increases the

< 4
nunmber of pityitary dopamine/neuroleptic receptors, suggesting that the

magnitude of the serum GtH response to dodperidone wmay be related, in

-

»

174

part, to the number of these receptors. At preseant, the mechanism by’

P

which sGnRH-A affects dopamine/neuroleptic receptor numbers in the
goldfish is not 'clegr. Howéver, evidence based on' studies on mammals
_ indicatéé that the numbers of'brain and pituitary,dopamine reéeptors are
fnversély related” to the neural supply of dop;mine (for review see
Seémaq,‘1981). More specdfically, a decrease'in the concentration of
dopaminé 1m'hypqthglamic portal blood is linked to inq?eased numbers of
pitu%téry dopamine ‘teéeptors (Heiman & Ben—Jonatﬁan, 1982; 1983).
-

Seasonal .ekanges in dopamine input "to the goldfish’ pituitary .could
- L

induc alterations in dopamine receptor numbers which'could, in part,

,



account for seasonal changes in the serum GtH response to domperidone;
there is, however, little direct evidence regarding seasonal changes 1in
dopamine input to the teleost pltﬁitary. In mammals, wodulation of
dopamine neuronal function and direct blockade of dopamine receptors, by
dopamine antagonists can induce increased numbers of dopamine receptors
leading to dopamine hypersensitivity (Seeman, 1981); experimenss on
changes in the naumbers of pituitary dopamine/neuroleptic receptors {in
goldfish treated with domperidone have not been undertakenain this study
as large amounts of domperidone are retalned in the pituitary as 1ong as
96 h after a single injection (khis thesis, Chapter 1II). In this
coﬁtext, dompefidbne bound to pituitary receptors would tend to
1n£e;fere with accurate determinations of receptor binding parameters.
The resulis of the present study confirm and extend our previous

findings that the density of dopamine/neuroleptic receptors 1s greater

175

in. the neurointermediate lobe than in the pars distalis of the goldfish“

-

(this thesis, Chapter 1IV) °
In summary, we present evidence for seasonal variation in the

magnitude of the serum GtH response to domperidone, a dopamine

“antagonist, and provide information on the interaction of GnRH and

dopamine in the regulatioﬁ of GtH release in goldfish. Our f’gdings
: v < ) - ;
suggest that this interaction partly 1delves changéa in the numbers of

pituitary receptors for GnRH and depamine.
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September and December, respectively; data were subjected to ;nalysis of

variance and Duncan's multiple range test.
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‘Figure V-2: Seasonal changes {n simulated ambient temperature,

photoperiod, and serum concentrations of gonadotropin (GtH) in goldfish.

Seasonal changes in serum concentrations of GtH (ng/wl; values are
mearns + S.E.M.; n=7 to 10) in vehicle-injected fish, and simulated
_ . .

natural ambient \photophase and temperature; horizontal bags 1indicate

r .
) . .
values not significantly different from each other (analysis Jf variance
~ : : .

and Duncan's multiple range test).

«*
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Flgure V-3: Ettect ot multiple 1.p. injections ot [(D-Arg , Trp , Leu

9 -
Pro =NEt J-LHRH (sGnRH-A) on serum  concentratfions of gonadotropin (GtH)

{7 goldfish. ‘

Serum concentrations of gonadotropin (GtHy. ng/ml) in goldfish 24 h

) . 6 7 8
prior to or tollowing i.p. {njections of vehicle or [D-Arg , Trp , Leu

»

-
»

9 : .
Pro -NEt ]-LHRH (sGnRH-A), plotted as a function of treatment; injections
were 48 h apart. Values are means + S.E.M. (n=7-10); data were subjected
to analysis of wvartance and Duncan's multiple range test. *indicates

values significantly (p<0.05) different compared with pre-injection

|
vaues . :
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Filgure V-4: Effgét of multipf@‘\}.p. injectioii/;) [D—Argb, Trp7, Leu8,
L

9 S o .
Pro -NEt ]-LHRH (sGnRH-A) on the sePuw gonadotropin (GtH) response to Qe

domperidone. . ~
: - .

Serum conceﬂt‘ations of- GtH (ng/ml} in goldfish 24 h after an 1.p.

injection of vehicle or a given dose of domperidone; fish were

pre-treated with 3 ‘1.p. injections, 48 h apart, of . elthér vehicle or
: . -~

sGnRH-A. Values are means i,S‘E'M‘ (n=7 to 10) plotted as a function of

domperidpne dose (umol/kg body weight). Data were analyzed by ’anaiysis

of variance and Duncan's multiple range test. Horizontal bars indicate

values not significantly (p<0.05) different from each other.
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VI. GENERAL DII;CUSSION

S

Studies of the goldfish pituitary dopam;ne receptor were described

in chapters II through V; this chapter presents a summary and general

~

discussiod of the findings. . q} ¢

.lﬂ_vivo (Chapter 1I) and iﬁ vitro (Chapter III)-studies of dopamine
and dopamine antagonfst manipulgtion ef GtH release suggest that the
goldfish pituitary 'dopamine receptor 1is a relecively loy. affinity

receptor, functional.at ligand concencratf6¥s of between 10 nM and 10

———

uM. This is further supported by ewvidence for the existence of a low
affinity dopamine/neuroleptic binding site in the goldfish pituitary, as

assessed by the in vitro radioreceptor assay (Chapter IV). In compariscn

& @

with our data on the dopamine receptor, GnRH ligands bind to the

\J

s

goldfish pituitary GnRH receptor at nM to sub-nM concentr&tions (Habibi,
Peter, Sokolowska et al., 1987) and are effective in stimulating GtH

release in vitro at simllar concentrations (Peter, Habibi, garchanc &
Nahbrniak, 1987), and in vivo at nmole/kg body weight doses: {Chapter
. ’ - :

-

~

11).

Dopamine receptor-mediated inhibition of GtH release in goldfish 1is

Y

,specific, as indicated by the -in vivo action of dopamine afitagonists

from differen;.chemical classes (Chapter II); as well, there is a small
but signifizant _stéreospecific reveréhl, by “isomers of sulpiride, .of

endogenous dopamine inhibition of GtH release in vivo. 1In vitro,

stereospecificity of sulpiride antagonism of dopamine inhibition of GtH

release or stereospecificity of sulpiride interaction wichﬂ'athe

s

dopamine)ﬁeutoleptic’binding site are diffiéhlt to demonstrate. In

mamwals, sulpiride, and other neuroleptics commonly cross the blood:brain

. . . . . . ¥
barrier to block central as well as peripheral dopamine receptors; it is
Ry _ . . . T A
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pussible that sulpirid: also crosses the goldfish blood:brain barrier to
blvk central dopamipe receptors and thereby indirectly influence GtH
i .
\
release  from the pituitary. In vitro data suggest only minor

stereospecificity of apowmorphine {nhibition of GtrH or o -MSH release
.

(Chapter I1). 5
a'.\

.

- Domperidone, compared with other dopamine antagonists tested, has
unique properties which make it most suitable for the study of the
goldfish pituitary dopamine receptor. Domp¥ridone injected 1i.p. is ‘?

excluded from the goldfish brain (Chapter 1II) and is one of the most

. . : [
potent of the dopamine antagonists tested for elevation of serum

~ I

concentrations of GtH. The goldfish pituitary preferentially accumulates
-ixp- injected [3H]—domperidone; as well, the time course of variation in

pituitary Tevels of [3H]—domperidone, following 1.p. 1injection of

-

[3H]—domperidone, 1s similar to the time course of the serum GtH

4 .
response to 1i.p. {injected domperidone (Chapter II). In vitro data

indicate that dopamine’ and domperidone act directly on the pituitary to

rapidly alter GtH and o -MSH release. Together, these in vivo and 1in
- - - \ - - —
vitro data support the concept that dowmperidone injected 1i.p. into,

goldfish acts rapidly, following binding to pltuitary

dopamine/neuroleptié receptors, to lncrease GtH (and o¢-MSH) release.

e
B

Domperidone actions in mammals are mediated ‘exclusively through

dopamine (D2) receptors. Domperidone is structurally related to

*

pimozide, -a selective dopamine receptor antagonist which hdp-a similar
- v

potency in elevating serum concentrations.of GtH in the goldfish in
vivo. Pimozgde‘was ;epérted to modulate the stimulatory action of TnRH

and‘a synthetic éalcium 1on0phoré on GtH release, and!,it was suggested

that pimozide's acﬁions were the result of calQodulin inhibition (Conn,
Ty . N

.
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Rogers & Sheffield, 19§1). This proposed mechanism for pimozide appears
inapp}oprigte for the ‘stimulatory ac—t/ion of pimozide on GtH secretion %n
goldfish. Also, pimozide has been widely used and evaluated as a
selectivg dopamine recepton\ antagonist and effective neuroleptic
(Seeman, 1981; for review see Pmder,‘ Brogden,‘Sawyer j.e_t al., 1976).
Although the possibility of actiong_\on calmodulin cannot be excluded,
ﬁhe.best explanation for the action; of both domperidone and pimozide in
the goldfish 1s 'that the effects are mediated through' a
dopamine/neurole;;'tic receptor. ‘

' Dopaminé inhibition of d! ~-MSH release 1in téleosts has been

previously suggested (Olivereau, 1978; Olivereau, Olivereau & Lambert,

1987). Our findings support this hypothesis, as dopamine and apomorphine

reversibly inhibit d-MSH release from goldfish NIL fragments;' as well,J

- a
domperidone antagonizes this inhibitory action of dopamine (Chapter™
: ‘ {

I11)y. Dopamine inhibition of & -MSH release is well documented in

amphibians (for réview sgee Tonon, 1984), and 1in mammals 1t has been

: J .
confirmed that dopamine inhibits @& -MSH release by acting through a

dopamine D? receptor subtype on melanotrophs (Co:e‘,' Eskay, Frey et al.,

1982"). Involvement of dopamine in reg_ula”ting & -MSH' release from the
goldfish NIL-is further supported by the existence' of large numbers of

‘ 1
dopamine/neuroleptic receptors in the NIL; the population of these
iy h
_—— o .

receptors 1nJ the NIL 1is greater than that observed in the PD 5CMpte'r'
V). In gengral, dopamine inhibition of GtH and a.-)qsa release in vitro
are similar 1in thdt both spontanedous and releasing-factor stipulated

hormone release are affect_ed‘;‘ as well, dopanine agonis?s and antagonists

- .

: \have ,roughly.simila-r "p'otenc:leu in alt_"er:'ing -GtH and o« -MSH release in

vitro. Al“so*, ‘dOp"anine agontsts and ant_agonistl\wnlut_ Gtﬁ and -MSH

’ >

’

<
«



release in vitro in a concentration range and rank _order similar to

their tnhibition of [3H]—spiperone binding to the goldfish pituitary 1in

vitro.

A;preliminary 1nvesti§ation of ghe iptéraccion of GnRH and dopamine
action on regulation of GtH release was also earried out. GnRH is a
potent stimulator of GtH r;lease in vivo (Chapter 1II) and in’ ﬁi&gg
(Chapter }II). éarlier studies 1Indicated that doéieridone and Aother

.dopamine antagonists potentiate the actions of GnRH in vivo in goldfish

(for review see Peter, Chang, Nahornidk gﬁ_gl- (1986)) . The present

191

findiligs regarding the combined actions of dowmperidone and GnRH support

B ~
and extend this, concept. Underlying this is' the demonsgration that
antagohism of endogenous dopamine inhibition by dopamine receptor

antagonists permits greater expression of GnRH acgzéh\ On the other hand

GnRH, by some mechanism, permits greater expression of the action of

adomperidone. "In addition, evidence 1is presented which shows that

multipld 1{.p. injections of GnRH into goldfish not only increases the

N

~

maximum serum GtH respéﬂse to domperidone by 4 to 5 fold, but also

.causes a large, significant increasge in PD dopamine/neuroleptic receptory

! .

numbers (Chapter\V); receptor numbers were increased, non-signifscantly,

K . .

s .
in the NIL. As well, GnRH-receptar numbers were increased in the PD by

~

multiple i.p.injections of GnRH as well as by multiple ddma§ridone

injections; the possible existence of GnRH-receptors in the NIL was not

~

explored. ) .
There are at least three possible explanations for GnRH-mediated
increases in goldfish pituftary dopamine/neuroleptic receptor numbers.

Firstly, GnRH adts on the pituitary to release GtH, which stimulates the

A J

synthesis and releade of gonadal. steroids by the gonads and these

a
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steroids Le turﬁ have a.éosit{ye feedbaek effect on the pituitary. In a
preiiminarx_hetudy, multiple 1.p. 1injections of ' testosfwrone into
gexually recrudescing goldftsh had no effect on the se::>¥ivity or
magnitude of the serum Gtﬁstesponse to domperidone (Omeljaniuk & Peter,J
unpubliehed results). There 1is, however, evidence which sugéeats a
positive role of gonadal stereids oe GtH release and potentiation ~of
GnRH action (R.E. Peter, personal communication). Secoﬁdly,,GnRé acts
directly on the pituitary to increase receptor numbers. This phenomenon
has been demonstrated in .rats (Clayton & Catt; 1981), and -data ;n,
Chepter \ suggest that this may also occur in the goldfish. Thirdly,
GnRH’indirectly antagonizes dopawine inhibition of the pituitary by
modulating dopamine neuron activity; there is evidence ftoe mammalian

\

studies which indirectly supports the.concept that GnRH in some way may

’
-

modulate dopamine receptor levels. In circumstances, in mammals, where.
there is a decreaseain dopamine 1input to a brain or pituitary target
site, caused for exampie by diseaae or physically/chemically
induced-brain lesions, there 1s a dramatic increase in the number of
i terget site dopamine receptors, accompanied by en iné}éase in the
responsivenesss of the tissue to adwinistered dopamineddopamine agonists
(dopamine hypersensitivity) ‘Zfor ;evie; see Seeman, 1951). Dopamine
hypersensitivity is ‘also ebesrved in mammals and humans‘~expoaed to

v

chronic neuroleptic treatment. Thﬁs, in the goldfish, GnRH and dopamine

act directly on the pituitary to stimulate and iﬁhibit'Gtﬂ release,’

a

respectively, as well, GnRH may act ptesynaptically on dopamine - heurona -

to wodulate dopamine release, as nanifested in elevated pituitavy

dopamine/neuroleptic receptor numbers; endogenoue GnRH would thcn be

v ~N

permitted to act more f@tensely on GtH synthesis and sectetion.

’ ‘ B

.
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Convéraely, dopamine may modulate GnRH release; domperidone ‘antagonism
of dbmpémine ‘action may fagilitate GnRH release as manifested by
. ' . . .
increased GtH release and pituitary GqRH recgptor numbers. . Yhdeed,
evidence for changes 1in goldfish braiﬁ and p1£u1tary GnRH content 1in
:112, suggestive of increased (nRH releage, has " been presentea by Yu,
Nahorniak, Peter et al. (1§87). Also, 1.p.'injection of domperidone
reduces_pituitary GnRH content, presumably reflecting;;increased GnRH"
release (Yu & Péle;, unpublished data). In vammals there is evidence
which suggests indirect (Jarjour, Handelsman, Raum’ & Swerdloff, 1986)
and direct (Sarkar & Fink, }9815 actions of dgpamine on GnRH release.
- . )

Presently there 1is no direct evidence regarding the post—receptor~‘4(
mechanism by which GnRH.giimulaCes GtH release in teleosts. In coatrast, ’
there is a large ‘amount of data regé;ding pituitary GnRH receptors and

. 4 - %g{ .
the post-receptor mechanism(s) through which GnRH stim lates LH release
. . .

in mammals (for review see Catt, Loumaye, Wynn et al., 1985; also _see
Chang, McCoy, ™Morgan ; Catt, 1987b). In'genefal, Gnéﬁ'binds to its
pituitary receptor and stimulates LH release thFough a mechanism which
is calciqm—dependent, as well as involving rapid phospholipid hydrolysis
and activation of protein kinase C (Catt4g£ al.,, 1985); éctivation of
Vﬁgglgggulin has also been.proposed to mediate GnRH aggibn (for. review see

Conn, McArdle, Andrews & Hucklé, 1987). The initial increase 1in

A\ @,

phospholipid metabolites linked to LH release lﬁ vitro occurs within ’is

N 3

seconds following stimulation with GnRH (Mgigan, Thang & Catt, 1987);
. NI AR

increased LH release -occurs within 30 seconds—--ef GnRH stimulation

(Chang, Graeter & Catt, 1987a). Recent evidence ‘suggests the inbblvementﬁ

of voltage—dependent calcium Ehgnnels "in the GnRH poét—receptof

meéhanism; it has been demohstrated that with}n 10 seconds of GnRH

“



)

stimulation of " rat gonadotrophs there 1is a significant increase {n

w -
[ ]

. ++ . ? .
cytosolic Ca (Chang, Mcqéy, Graeter et al., 1986; Limor, -Ayalon,
- ] . . r'e
Capponi et aly, 19873.
<
- (

This study provides the first evidence for direct action of TRH on

194

oc ~MSH release’frbm the teleost pituitary (Chapter III). Our findings

supporﬁ~those of a previous study which described the existence of

high~a“inity and low-affinity TRH binding siteg in the-goldfish PD and

. . ’ . . i Y
NIL (Bu & Ajag, 1984). In mammals TRH sfimulates the release of TSH
and ;}olactin from the PD. In comparison, TRH'is'denoid of TSH-releasing

activity in lpwe: vertebrates but does stimulate prolactin and ® -MSH

~

release (for review see Jackson, 1980). Evidence regarding TRH

mechanism(s) of action \vrigina;es largely from mammaliah studies, and
& . ’
these mechanisms have many similaritiés with several proposed GnRH
- fa ‘A’\.\
post-receptor  mechanisms ~incTuding dependence” on - calcium and

nucleotide~binding _proteins, stimulation  of cytosolic calcium

mobilization (R@msdeki & Tashjian, 1985) and. perhaps . also rapid

phospholipid hydrolysis (§§;> Frey, Sekura & Cote, 1986). °

‘The .mechanism of action by which ddpamine inhibits Gty and oc -MSH
- T »
release in the goldfish is presently unknown; but, these eflfeé¢ts may be
2 F) Lo d

explained by the actlon - of dopadine oh - calciub .: and

A3 ° . "

phospholipid dependent pathways as suggested for dopamine inhibition of

spontaneous anﬂ releasingrfactor stimulated,ptolnctin.(Cronin ,1982) and
& -MSH *(Cote, Eskay, Frey et al., 1987) release in mapmals. Exgmplea' of

calc‘channel invo;vement: in dopamine action include¢ inhibici’on of
* .

~

) prolactin.secretion from rat lactotropha " (Judd, xoikg, Schettini 35

-

al., 1985-’ Login, Judd & MacLeod 1986) and o ~MSH . fton mouse

melanotrophs (Tataskevich Tomiko & Douglas, 1986) . The involvenent of

»
-, ® .
>

LE-
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melanotrophs (Tavaskevich, Tomtko & Douglas, 1986). The ifuvolvement ot
calefum channels with hormone  release has also been suggested, on tle

basls ot changes fn pltuftary <ell membrane voltage (Cota, 1986), which

may be attributed to specitic dopamine D2 ligand stimulatton  ( Israel,

Jaquet & Vincent, 1989). There [s no  intormat fon on the post-receptor
A

mechanism by which dopamine inhibits  GtH release (o goldtish. However,

an  early  studvy  asing  lactotrophs  trom 4 teleost (alewite; Alosa
pscudoharengus) demonstrated that dopamine at concentrations ot 10 nM

and 1 aM slowed or abolished, respqacet ively, spontaneous membrane voltage
»

fluctuations In a reversible tashifon (Taraskevich & Douglas, 19/8).
Dopamine and I[ts agonists have also been shown to specifically inhibit

TRH action; systemic pretreatment with plribedil, a dopamine agonist,
'

signiticantly reduced TRA-st{mulated prolactin release in rats (Hvlka,

Forman, Sonntag & Meltes, 1986). As well, dopamine (500 aM) inhibited
'

TRH stimulation of prolactin release from bulltrog (Rana catesbiana)

hemi-pltuitarties in vitro (Seki & Kikuyama, 1986); dopamine ligands also

modity TRH stimulation of @ -MSH release from frog (R. ridibunda)

intermediate lobe fragments in vitro (Tonon, 1984)'.
i - g

Currently, phosphotidylinositide metabolism is suggested as an

important component in the dopamine post-receptor wechanism. In an {n

vitro study using rat pituitary glands, dopamine\ inhibited the
incorporation of 32?1 into phosphotidylinositides; this inhibitory
action of dopamine wgs reversible and was antagonized by the dopamine
receptor antagonists haloperidol and pimozide (Canonico, Valdenegro,
MacLe;; et al., 1983). In vivo experiments demonstrateq' that 1.p.

injectiaon of bromocryptine inhibited phosphoinositide turnover (Canonico

et al., 1983).



s)(hvr post -receptor nw«*hjnlsms m::v be  favolved (n dopamioe
fnhibttfon ot pltuitary hormone release. lnvnl:u-mvnl ot adenyl cyclase
was dggested based  on studles ot short-term cyltures ot me lanotrophs
trom“the  fntermediate  pltuftary ot the rat; the production of a
prooplfomelanocortin-like matertal and  secretion ot  an o€ -MSH-l{ke

\J\

masvrial were  lnhif{ited by  bromocryptivce, a dopamine cgonist, and
quiepirole, a specific dopamine D2-receptor agonist, while SCH 23390, a
selective Di-antagonist, had no effect; spiperone, 8-bromo-cAMP and
YM-09151-2, & «elective D2 antagonist, antagonlzed the actions of
bromocrypt ine (Beaulieu, Felder & Kebabian, 1982). In superfused rat
dnlﬁriu; plitultary célls,‘prolac[in rglease was stimulated and inhiblted
by TRH and dopamine, respectively; dopamine also inhibited the
stimuiatory action of forskolin and 8-bromo-cAMP (Delbeke & Dannies,
1985). However, tn a similar study wusing purified lactotrophs from

pituftary tumours {1t was found that the decrease {n cAMP levels

accompanylin do {ine treatment was not necessart for dopamine
panylng dopgm y p

inhibition of prolactin release (Delbeke, Scammel, Martinez-Campos et

al., 1986). Thus the involvewent of cAMP in the post-receptor mechanism

by which dopamine inhibits prolactin release 1is at best unresolved.
Calmodulin has also been inplicated as being part of the dopawmine
post-receptor mechanism (for citations see Means & Chafoulas, 1982).

In sunmary, the data in this thesis 1nd1c?te the exiséche of a
goldfish pituitary dopamine receptor. The binding characteristics of the
binding site satisfy criteria for a receptor, and binding affinity and
specificity are closely correlated with biological respoﬁses; these
characteristics resemble some of those of the clgssica} dopamine D2

receptor subtype. This receptor mediates dopamine inhibition of GtH and

(-
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Figure VI-l. Schematic summary of the proposed Interactiouns of

¢

hypothalamic releasing factors and dopamine ligands {n regulation of

gonadotropin  (GtH) and o« -welanocyte-stimulating hormone (ot -MSH)

-

release from the pituitary of the goldfish, Carassius auratus.

-

In this proposed wmodel, the hypOthal;mic releaslng factors
gonadotropin releasing-hormone (GoRH) and thyrotropin releasing-horwone
(TRH) bind to, and .stimulate,. their receptors to Initiate v the
post-receptor mechanisms leading to the release of GtH and o -MSH,
respectively; dopamine binds to it;\ dopamine/neurolepti% receptor
initiating its mechanism of action to inhibit hormone release and to
modulate) the action of hypothalamic releasing factors. Dopamine

antagonists inhibit dopamine action by blocking dopamine/neuroleptic

receptors; some dopamine antagonists may also have central effects.
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APPENDIX I.

A. Comparison of the effects of various dopamine ligands on the release

of GtH and on the action of a GnRH analogue in\&hq goldfish in vivo.
2 -2 2

4
Male and female goldfish (sexually recrudescing; March, 1984) were

pmaintained af 12 °C and 12 h photoperfod. At t = -6h fish were first
{njected i.p. with saline or LHRH-A (0.1 ug/g BW); at t=Oh fish were
blood sampled and injected with saline or a dopamine 11gan§ in®
suspension (10 ug/g BW) or a -combination of LHRH-A and dopamine ligand
in‘a volume of 10 ul/g BW; goldfish were subsequently blood éampled at t
= 6h and 24h. Of the,dopémine antagohists tested alone, pimozide caused
the greatest iicreiESE/ly seftum concentratiig? of GtH at t = 6h and 24?;
in contrast, spifferone caused the largest potentiation of LHRH-A action,
5. Only pimozide and spiperone potentiated LHRH-A action ™

z
" either at t = 6h -0 24h. Apoworphine 1inhibited the action of

at 6h (Figure

spiperone alone, or in combindtion with LHRH-A (Figure 1). Values are
means + S.E.M. (n=6 u;qu). Data were analyzed using a Mann-Whitney
U—teJE at the p < 0.05 level of significance;" for clarity, gtagistical
éigni{icances are not. indicated. 1In a&other study (September, 1983)
u§ing a similar protocol, piﬁozide and spiperone Bptentiated LHRH-A

action at t = 6h and 24h; _apomorphine inhibited the Jaction of pimozide

and spiperone (data not shown).
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B. Comparison of the effects of pimozide and domperidone on the release
N ‘ X
of GtH and on the action of a GnRH analogue in the goldfish in vivo. -

4 H

Male and female goldfish (sexually regressed, December 1984) were
injected 1.p. with veéicle or LHRH-A followed 6 h later with an
injection of pimozide (in suspension) or domperidone (in solution) at 10
ug/g BW in a volume of 10 ul/g BW. Alone, pimozide significantly
increased serum concentrations of GtH at t = 6h but not at ¢t = 24h;
domperidonelwas effective at t = 6h and §)= 24h and was more potent than
pimozide at t = 24 h in raising serum concentrations of GtH (Figure 2).
Injection of LHRH-A significantly increased setum con;entrations of GtH
at t = 0, 6, and v24h; pimozide\ind domperidone both\potegtiated LHRH-A

K LS
action at t = 6 and-24h; domperidone™ wa§ 3 to 5 times as potent as
pimozide in potentiating LHRH-A action. Values are means + S.E.M. (n = 8
to 10). Data was analyzed.by Duncan's wmultiple range test at the p .<

0.05 level of significance; values sharing a common letter are not

significantly different.

2
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C. Time course of variation in plasma and pituitary Y3H]—radioactivity

following 1i.p. injection of [3H]—sp1perone into goldfish.

Male and female goldfish (approxiﬁ%tely 40 g; sefuallj regressed;
December, 1984) wére maintained at 12 °C and 8 h photoperiod. At t = Oh
fish were injected i:p. with [BH]-spiperode (approximately 0.1 inj New

England ﬂiﬁ}ear)’in a vehicle of acidified’ saline (NaCl 0.7°%Z, sodium
] ' ) :
-metabisylfite 0.1 %, w/v), in a total volume of 200 ul; at various times

a )

. . _ o .
thereafter fish were blood sampled with-heparinized %gedles/syringes,

killed by spinal transection, and the pituitary and plasma counted for

3H—radioact‘l‘vity as described in Chapter II. Plasma gﬁqradioactivity

LRI
increased to nearly /maximal levels at 0.5 h dfter injection; maximal
. I's ..

.

.levels were attained at 6 h -after "injection; thereafter ~plasma
3H—rad'ioactivity declined gradually to 48 h (Figure“ 3). Pituitary
\ . ) " . . - .
3H—radioactivicy increased rapidly .following injection of [3H]7spipérone

to attain maximal levels 6 h post-injection; thergafté: 3H;radioactivity

-

decteased to 48 hR " Pituitary 3H—rédioact1vity, per unit weight of

T

tissue, was 3 to 6 fold greater than plasma 3H—radioactimity at all

3

sampling times. Valuesd?re weans + S.E.M. (n = § to 10):

———
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D. Time course of action ot piwozide and a GaRH-analogue {no elevating

|}
) . . O . (22
cerum concentrations of GtH in goldtish at 12 ¢ and 20 C.

Male and temale goldfish (sexually regressedﬁ December, 1984) were
maintalned at 12 or 20 ’C and 8 h photoperiod. éish we}e arranged {nto
groups and injected efther with pimozide (10 ug/g BW {n suspeusion), or
[D—Aldb]‘LHRH (LHRH=A) (0.1 ug/g BW in solution), or a comblnation ot
the two in a total volum® ot 10 ul/g BW in a’vehi(‘le of 0.7 % saline;
fish were blood sampled at various times after 1niectlon and serum was
analyzed for GtH content as described in Chapter 1I. Injection of
vehicle or pimozide alone into goldfish had no significant eftfect on
serum concentrations of GtH at either temperature. At 12 OC serum
concentrations of GtH were significantlby elevated by LHRH-A between 6
and 48 h after injection compared with vehicle-injectdéd control fiéh;
plmozide potentiated the effect ;f LHRH-A between and 12 and 24 h after
injection with relatively maximal levels occurring at 24 h after
fnjection (Figure 4). At 20 °C - LHRH-A significantly elevated serum
concentrations of GtH between 3 and 18 h after injection, coqpared with

\

vehicle-injected control fish; serum concentrations of GtH 1in fish

¢
injected with a combination of pimozide and LHRH-A were not

IS

significantly different from those of fish injected with LHRH-A at

L)

: a

respective times after injection (Figure 5). Values are means + SSE.M
(n=8 to 10). Data were analyZed by Duncan's multiple range test at the p°
< 0.05 level of significance; values sharing a common letter are -not

significantly different.
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k. Effect of sampling time on the serum GtH response of goldfish to

{.p. I{njection of domperidone.

Male and female goldfish (sexually regressed, January, 1986) were
maintalned,ac 8° C and 8 h photoperiod. At t = Oh fish were segregated
{nto groups ., blood sampled, and injected with given doses of

. - 1
domperidone; fish were blood sampled at t = 6h and t = 24h after

inj;ction, and theAserum was Isolated, stored frozen and later analyzed
for GtH content, as described in Chapter II. Injection §f vehicle had no
significant effect .on serum concentrétions of GtH (data not shown).
Domperidong, at all doges tested, significantly 1increased serum
'concentratioés of GtH, Iin a dose-related magﬁer, in fish sampled at t =
6h and 24h aftq{-”fhjection (Figure 6). Serum concentrations of GtH in
f&sh sampled at t = 6h and 24h after injection were not ‘’‘significantly
diffe?é‘;; Values are means i_s.E.M. (n =7 to 10). Data were analyzed

by analysis of variance and Duncan's wultiple range test at the p < 0.05

level of significance; values with common letters were not significantly

different. ' ,:?
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. APPENDIX I1

: . Technical aspects of the dopamine radioreceptor assay.

1
Preliminary studies provided inforwation useful for the design of

this radioreceptor assay.

The separétion of bound from free radioligand was found to be
critical. In initial trialg, incébations (1.8 wl vol) were terminated by
addition of éxcess buffer (5 ml) followed by high speed centrifugation
(35000 § X 15 min at 4°Cy. The supemacant was discarded, the pellet
brigfly rinsed with assay buffer and the pellet recoveredAfrom the 13-wl
polyallomar tube by rinsing the tube with LSC® cocktail. Pellet recovery
was 1nconsistent and displaceable binding was not demonstrable,
presumably due to dissociation of bound radioligand during
centrifugation. Rapid vacuum filtragdon was subseq;ently evaluated as a
method ‘of separating ound j(ggi free rqdioligand. Filters - were
manufactured>byi"punchin -out” 25;mm discs from Whatman GF/B méteriql
using a short length’bf modified high-pfessure steampipe (raugh stock OD
approximately 32.5 wm, ID approximately 23.5 mm)Amilled to 25 mm ID and

» N L}
having an external kevel at each “cutting end”. Filters were contalned

in Millipore filter holders (Swinnex SX00 025 00; Millipore Corporation,
) ' )

Bédford, MA, U.S.A.) modified assording to Johns and Coons (1983)b

(Journal of Pharmacological Metho&s 9, 2@3—267). Fiiggr'holders were
wounted on hypodermic needles (25-g, 37 mm) , ins?rted 'thtough rubber
stoppers (#1; predrilled to accommo@ate fﬁe 'peedle); these filtration
units were mounted in a E}%tr&tiop manifold. Tﬁe filtration manifold,

designed to provide equivalent negative pressure to each filtration

unit; consisted of a box, constructed of perspex'(épproximatély 11 tp



,thick), with approximate dimensions of 12.5 X 50 X 100 cm. The manifold

contalned internal trusses for support, and had holes milled in the top

w
f

to dccommodate 105 filter holders and a hole for outlet to a vacuum
souce via a vacuum trap. Four types'éf filters (GF/B, GF/C (Whatman),
AP-20, AP-40 (Millipore)) were evaluated using the radigreceptor assay
protocol described in Chapter 1III; criteria fof evaluatioﬁ were (1)
retention ‘of bound [3H]—spiperone, and (11) adsorétion of
3H~radioactivity.fo filter materiél.‘ Of the 4 types tested, AP-20 and

GF/B filters consistently retained  the greatest amounts of bound
AR AN
L3H]—spiperone and adsorbed the " least amount of [3H]—spiperone; GF/B

N ]

filters were selected on the basis of cost.
. . \

Additional methods were evaluated for reducing adsorption of
3H—ligand; filtersrwi%e pre—-soaked in buffer in the absence or presence
of 0.2 Z bovine ser&* albumin (BSA), - 0.2 % BSA was used in the assay

‘

buffer, and filters were siliebnized (Siliclad, Fisher Scientific). The

s <

presence df ‘BSA at any stége of the assay increased adsorption and
,depressed’ apparent sp;cific [3ﬁ]—spiperone binding by over 50 %;
siliéonizing filters Had a similér effect. In‘ contrast, prgsoaking
filtérsffbr 36 .h in assay buffef without BSA increased retention of
bound _[éﬂ]-spipetone, decreased 'non-Specific> binding and’ decreaéed
variation in binding between replicatés. ‘

- Rinsing filters with assay buffer is commonly ugsed to remove free
rpdioligand Repeated rinsing with 5~-ml aliquots of _ assay buffer had

ittle effect on adsorbed or non-specifically bound [ H]-spiperong

(bound in the presence of excess domperidone) but progressively reduced

»

© the amount of total bound [3H]-spipérone (bound ?;J)the absence of:

coﬁpetitor). After rinsing, filtera?were rodfinely‘dr ed in LSC vials in

.
2
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an alrstream at room temperaturelto remove wolsture that would otwerwise
cloud the toluene-based LSC-cocktatl. [5H]-Sp1perone.;as not losc|during
drying. Equivalent aliquots of [BH]—spiperone in ethanol were abplied to
buf fer soaked—-filters {n scintillation vié;s, and to another set of

filters which had been were dried prior to receivin%cocktail; there was

no significant variation in the amount of ?H~radioact1vity or quenching

between the 2 sets of vials. *

Several goldfish pituitary tissue preparations were evaluated for

use in this radioreceptor assay. Comparisons were made with (i) yhole
pituitary homogenate, (ii) post-centrifugation (27000 g X 20 win at AOC)
supernatant, and (1i1) 27000 g resuspended pellet; the criteria for
evaluation were- - the magnitude of total and specific binding and
domperidone displacement of [3H]—spiperone bound to each tissue
preparation. The ratio of total:non-specifically bound [BH]—spiperone
wag siﬁilér among the tissue preparations gxamined; the supernatant and
pellet had less [3H]—;piperone bound than homogenate so that 2-pituitary
equivalents/tube of pellet p}eparation were required to accunulate a
significant number of counts. Also, the profile of ddmperidone

é . '
displacemapt of [3H]—spipegone was similar among the tissue preparations

SN . :
tested (data from subsequent trials). Whole pituitary homogenate was

routinely used in assays; homogenate from froze; then thawed pituitﬁries
was not .used as fre@zing/thawing reduced specific bindihg.
The effeét of temperature on the time course of total and specific
BN . T
binding was stuQied. Whole <;Jituit:ary homogenate was incubated with
[3H]-spipe}oné at 'a, 12, Zd,or 37,°C; igcubation was . :e:minated at

approximately 0, 53\45, 90, 135, 274 min or 24 L. At- 4 OC, tot&i and

specific binding increased with time to acheive relatively 'max&mal

-

—~



levels, approximately 10 and 5 % of total radioactivity, regpectively,
between 1 énd 2 h incubétion; binding decreased gradually thereafter. At
higher incubation temperatures®the rate at which binding reached maximum
equilibrium levels was Increased; for example, maximum binding at 12 °c
occurred at approximately 20 win 1ncubation. Increased temperature
decreased the hagnituhe of binding and tncreased the loss of bound
! H;radioactivity after maximal levels were achieved; for example, at 12
°C maximal total and specilic binding were- 8 and 3 % of total

radioactivity, whereas at 20 and 37 OQ binding was reduced to almost

. w

undetectabie levels. Prolonged incubation (greater than 1 h) at 4 °c

k9

»
32

depressed specific binding.
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