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An 1; !1;52 systol totriacubattaq the pitnttafy :asttal
 pars distalxs of ‘coho sallon (ngggjgggjgg ;;gg;gg) ‘was psed to

’ixexaline the role of calcin- im the syatheais and secretioa of
ptolactin, as. naasurod by 'a—lencile 1lcorpotation. This in

: 11;33 systel vas shown to suppdét linear release of ptolactin

 amd IA§MHSG§_$9 demcastrate differesces in =ﬂ-g;olxcttn

Lynthesis betleel lales and feafles.

o

: 3B—prolnctu secrction vas sho'n to be sensitj;ve to C‘a"

el

levcls inm tho lodin. Raxiapa secrotiol occurred near the

reported phrsiolggtcu levels for iouud Cat+ in salson plassa..

The telltionship beticel sylthasis and telease of prolactin

‘;-‘rﬂ‘&i"!%%mﬂ;‘;“‘" il ..,“‘.:, 4 ‘?‘|‘~-,>"J' 2 it “.»: ey ipbiark 5 0

and calciul influx uas'exalinod tith ¢3Ca -odia. High ossotic

i i

ptcssure ledinl, vhich 1lhihits prolactin secretion, shoued that

Jn-ptolactxn acca-ulatlou in tho tissie vas directlr-assocxated

vith elevated *3Ca, thcysypthetic cyclic nucleotide’ dh—c{!P
stisulated 3H-prolactia :intleaigwgnﬂ,aisévshg!gd;ig:gL;xig;shipiWmﬁ;
betteen 3B—ptolictil accusulation and elovated tissne 43Ca. The
antipsychotic drng chlarpronnziue decreased 4sCa nptake vhile
increasing 3ﬂ-p£;1actin sylthesis and sectntion. | '

lttlux of ¢3Ca increased in the rostral pars dj.sta us .

treated with db-cANP, indicating elevated 1ntracellnlar calciua
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. l.xlttodlction

7 It is a lajor physxological acconplish-elt that euryhalxne
fish can move. frbi ‘one envirognsntal salinit] to anoﬂ‘er. rhey

have a large respiratory surface 1n dxrect coatact tith the

envxronnent that sakes thea partmcnlarly vnlnerable totbody

———— e y e T mmn e e e

lqter or: eleé%rolxtefchanges.'ikvestigations of this

oslorequ1a§bry ability led to the dlscovery that ptqlactln is

required for teleosts to survive.in fresh vater,(?ickford and

‘ Phxllxps, 1959; see CLarte and Biriizﬁfﬁu). — : w

: tvo distinct lechanisns coutrollxng ‘the release of

p

-

‘ prolactin have beed’sﬁggested ia teleosts. The first is _
~hypothalalxc possxbly via a hypophfseal‘séjial systel ot‘i'f
direct nenrosecretcry innervat1on; The second is a more dltect.

// nechanxsn 1n vhich the prolactin celIs respond to electtolyte

¢

changes in the hlood vhich are pgesuled to reflect envlronnental

' N ‘A. .

. changes,i, .
.Bvidence for»hyéothalanic'contrbl of proiactin secretiqn_in“
telepsts uas“shova‘bj tragsplantatioiﬂétudies (Ball And_Baker, -
1969); hypothaldlic lesion studig;\tPeterand chéoin.‘t95¢); |

and vork vxth a variety of drags, nost notably u51ng ,

G-hydroxydopaliae decrease activity of adreaerglé nerves
-

<ﬁ;vFtaibttroggfgis,4943}.£oyaliaehasalsabaen\sha!n%e;nhibit

L . B ) . . ‘ ,' . ‘» . ‘
since been widely accepted that prolactxn secretion 1n f1sh is

> prilarily an der dopalinerqic inhibitory control, as 1s prolactxn

- I 4



- peptides ald thelr derfratives are also reported td rnflqsnce’,‘;i Y
prolactrn secret1on ({see Pluchlnger, 1982). Pnrthernore, release

15 lod1£1ed by other horlones (Clarke and . Bern, 1980),_1nc1udlng
s -

poss;bly prolactxn 1tse1f (Herbert gt a;., 1979).,
’ In add;tlon to hypothalallc cbntrol 1t has been squested o,

"J

for teleosts that certaln characterlstlcs of the vater, suéb as

© .

os-otic pressure or calciul concentration, can affect blood

electrolytes vhich im turn dlrectly rnfluence the actlvrty of B : . é

° )

=

prolactin cells. - v >I.,;¢ T '-f'," v -

.

>

" Sage’ (1965} suggested that prolactxn cells responﬂ dlrectly v,ﬂgp'

to OSlOtLC changes in the environaent v1a Changes in blood .

snotxc pressure. Pnttber ;g—x;tgg vork provrded ev1deace that ¢ 43

this l1ght be an xlportant control’ nechanisn (Elnart et l ,"

1967- Sage, 1968 Ingleton gt g;.. 1973' Zaabrano et g_., 197&).¢,

Pltnltaries that ‘were tr&nsplanted away fron hypothalanlc . f“ﬁ
control also pror;d da evzdenqe that.os-otié pressure mqy
directly affect prolactln telease (Leatherland .and Ensor.‘1973'

. lagahaia et Ql;. 1975). Vv 4‘ o0 o

s

As an alternative tQ\OSIOtiC pressure, 1t has heen proposeﬂq
that blood calcrnn concentratlon d;rectly effects releake of

_ prolact1u (lendellar Bonga et al., 1978 iendellar Bonga and
R "7alrder nerj—P}&e) O f‘ﬂreywestalate%thatvprelae&mee&sm

espmmwmmmwm,_m@

reflect ambient énvironlental calciul concentratlons- high 1n

r -

& selt water and low i:n fregh vater. coe -~ R :




e o - Tt T T T T e \/

The possxbxlxty that blood ca cinl can f:

ct prolactin .

re&Base is 1ntérest1ng in vieu of the centta' Sin?

stxlulns secretion conpl1ng (Douglas and Poxsnet, 1965, 1964.)

61e of calciusm
It is suggested that st;lulatlon of a secretozy cell causes am "~ S
inflax of Ca*+ vhich in turn canses the release of a hornone. If}a _ ué

a 51lxlar series of events occurs vith the,teleost prolact1n

- cell, ca1c1nl concentration of- the surtonnd udters li*ht,l,lz e

1nflnence blood ca1c1un concentratlons ultxnately deternlne thejr;u

size of Ca*+ influx into the cell, and thus the amount of ) ““  .

nglms.llggtsgn_s o

As in other teleosts, ‘the endocrine cellgkof the salmon

pituitary are isolated in distinct regioné. The rostral pars

L

distalis (RPD}‘of immature salmon have been shown to contain |

:three cell types (ucKeown aiﬁ‘r‘éfﬁ’tlana, 1973T}‘T*rf”f‘"

Adenocort1cotroph1c hcraone (ACTH) secretlng cells that border

#dw&;ﬁ&i}umu..m“-uwl)m'w. B ST AP

the neurohypophysis, (ii) noyésectetory cells og unknown

function and (iii) proiactin cells. The latter dre arranged in

1!

vaur;:‘m PR P

follicles vith a central lumen and are the predoiinant cell type

of the RPD. Gonadotrophic cells aiso occur in this region,but‘in‘

»

immature f1sh these cells are not yet developed.

The follicular gttange-ent of the prolactxn cells in

isospondylld fish, such as sallonidsuand eels, is quite nnque.,

Studie53of the morphology of these prolactin cells (Cooi and Van

I3

Overheeke, 1969; Leatherland and NMcKeown, 1973; Schreibian et

Y i\; N




- alees 1973) show that ‘they orofelonqateé,éyra-idal'cells with the

apical portioo bordering thevfoilicnlar'lnren; rhese cellsfore‘
clearly polar Ilth cilia projectlng 1nto the lumen, and the
nnclens, endoplasnxc reticul?L Golg1 bodies and granules ‘

o concentrated ‘near the hasal end. Mitochondria are more common
near both the apical and the basal membranes. This increase-in
,lrtochondrla l;ght be associ&ted ﬂithrcale1n|—requlatxoagand/orl

the reported plnocytosis of the apxcal -enbrane and exocyt051s

of prolact;n qranules at. the basal ne-brane.

J£kef£naetaonjoirthefrom:sac;e;org,cgils:otzthgixPD is
dnknoun, although they have numerous microvilli projecting into
the follxcular lumen. uxcrov1111 are often assoc1ated vlth
absorption. These non-secretory cells also have desnosones

'connecting thel to prolactin cells, conlonly near the lumen.

s

-

Historically, the importance of the calciunm conceéntration
in incubation media has been known since Riager (1883). Too
little calcxul in the ledxa caused the frog heart to stop

~beat1ng in dlastole, vhlle too much calciuas caused the heart to

= —

- stop beating in a systolxc or contracted state.
Possxbly, cellular process1ng of environmental calcxnl ¥vas

a trait selected for durinq early evolntlonary per1ods, vhen the

calcxul concentratxons of the oceans vere stekaxly rlsxng (see

Bub1n, 1982) . SnCCessfnl organisas developedtrelatively

imspermeable lelbranes'ond ion pumps to maintain lov cytosolic

&



levels of calc;nl. ‘Evidence that calciam cam be toxic is seen in

fthe fact that the death: ptocess for cells often includes an

influx of extetnal calciua. Hovever whethet or not thxs is a
~cause or effect is unknoyn. S 1 ‘ o ' v‘ff B
‘This ia;ge calcium gradiemt, high outside t‘e éeil and'lbv'v B
1nsxde, could easily be adapted to a relatively fast |
1ntracéii§j§r sessage system. A 'pnlse! of,calclnn xnflnx,wlth, e

the gradient could be turned off by vety efficient calcium pumps
£ .

that remove the calciuas from the cytoplasa. (see Bubin,-l982); ,"» o

¢

msecond messenger®™ would :equire that the active ionized fora of : ; 4

calcium in the cytoplasm be very catéfnlly:cpntxol;ed at low

sty bt 5]y

levels.

The extrﬁsioahdf calcium from)the éytosol is:ai agtive

ptdcess that maintains cytosolic levels in vertebrates at abpﬂt'

iR RS .

~ 10=7 W against a 10-2 N conceitritrﬁﬁ'In‘éxtraceiiuiat‘fiuId*ﬁf””f*ff**%rﬂ
‘ 2
There are tvo vell charaCterized pumps for extruding 3

cellular calcium (see H.J. Schatziaﬁq, 1982). The first is a
(Ca** and ﬂg*:) ATPase activated hj‘cal-odulih, an ubiguitous
intracellular calciua rpceptqr'p:dééin. The secomd is an
exchaﬁge 6f intracellﬁlat caicihl for extracelihlar-sodinl,
making use of the already established sodius g&édient. It is

suggested that at high levels of calcium influx, the Nat/Cat+¢

;xchange is more isportaat while the (Ca*+* and Hg**) ATPase may

»fine tume®™ lover cytosolic calcium levels.
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identified. Calcium may enter (i) via sodium chanpels (ii) i‘:_; §‘ 7 i
“ voltage dc;endent calciua channels (111) receptot regulated o K

non-voltage dependent channmels and (17) Ca*’-triggered calc1un 1
‘ 1nf1nx, a gate semsitive to cytosolxc calciun.

If plasna senbrdne processes deter-ine the ultxnate

concentratioas of calcin- ‘within a cell, temporary tegula@ion of
ionized cytosolic calcium can be affected by autilizing varxgus i
conpattnentg within the éell; fheae 'ﬁoolsﬂ‘effectiVEIY isolate . j
‘the caleiam. ———

Pour such imtracellular pools are (i) a rapid éxchange %

L . v A
buffer pool within the cytoplasa {ii) the endoplasmic reticulus

PP g A,

(iii) ligochondria'and,(iv)secretory vesicles.‘bepehding on the
cell type, each of these pools say have a anique capacity and

velocity for calcius accumulation.

since lenhrane bound secretory granules are derived ‘from

’endoplaSlic reticulum, it is pefrhaps not snrp:ising that they'

“have the ability'to accumsulate calcius. Despite the fact that

these graamules ‘ave a high calcium content, there is sone‘dehate,
‘as to uhethér this calciuns is readily éxchanqed wvith the ‘ )

' rsnrronnding cytoplass. Hattheus (1979) reports that granﬁles

have ,a slov rate of calcius accumulation and exchange. However, .
thete*ate'cytoioqicai—stndtes—fas&ng—antiienate;depositian to
,loca1izegint:acellnla;gcalcinlfgindxcntinggthaxgsacrgtory

granule nenbranés of prolactia cells lose calcium uader N

L . - ’
- Hatnuiaredennos it gl AR 2 ’

conditions that stimulate release (Leuschen gt als, 1981). This



stabilize artificial membrames by bimding to lov affinity sites

may also be a néthod of eveﬂtnally eliminating calcium froa the

>

Calcinl 1nteraction Ilth cell lipids can etfect plasna i

cell. | R o l

membrane lipid composition and fluidity. Not omly will calcium =

such as phospholipids (Saurheber et al.,. 1980), hut'it has been '

- - ___

“described by Hokin and Hokin (1953- 195“’ 1955) when it was

products of phospholipase C is 1,2-diacylglycerol amd in -

Shown that calci

enzymes.

Receptor effects on\lehhraperco-position-ﬁere first

i
2
r

- E
4
i

noted that acetylchollne caused rapld phosphatldylxnos1tol

tnrnover.

Phosphatldylinositol is convetted to 1nositol phosphate and
1 2—d1acylglycerol by the enzyme phospholipase C, vhich reqnires B
a lov concenttqt1on of’calcinl. Ihis‘calcinl requirement is so
ibubthat it bhas beeiiargned that phospholipase4c is n§£
controlled by calciui; but-ratherrthat this pﬂosphatidylihosi;ol‘
breakdovn may be controlllng the 'gatxng' of calcium at the"
plasma lelbrane -(Hichell, 1975, 1982).

ﬁmve%,%et bet—phosphatid_;linositol breakdown is invol ved . .
41n4calcinnggni;ngg;sgnnigthg only aspect of this netabolxc -

pathway that is ilportant in cellnlat activat1on, One of ther

Y
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unsaturated for!s this greatly increases the activity of a =

4 'actlvated at cellular coocontrationS“ot’catciul*hy "”*ﬁ*f””*"

recently discovorod calciua sensiti'e protein kinase (see Takalrm

(19 ales 1979). ths enzyoe hns been called protein ‘kinase C and

nay represent a new transnelhrane control syste.. rhis enzyne is

calcln- depeodent and has an ahsoluto reqnirenest for'é |

phospholzpids, esyecially phosphatidylserine. It may be

1 Z-diacylglycerol or alterantlvely, without 1,2- diacylglycerol

bnt under high.cellular,calclnlvlevels. rhns 1,2-diacylglycerol

phospholipaso C.and the'intracellular,protain kinase C that'roy_

regulate cellular processes. ' .

A different phospholipase C, found in the cytosol, prodd@es -

1,2-dlacylglycerol by a calcium dependent mechanisa from

polyphosphoinoSitols-aad this %’2-diacqulycerolrli§ht Fhkance

granular fusion, if it vere incorporated into meambranes. Thas,

exocytos1s of nenbrane bound grannles nay he enzymes -ed1ated by .

calcium dependent lipid (see Allam and uichell. 1919).,

Another effect of changing the coupos;tion of nelbranes lay:

lead to an alteringrof the size of one of ‘the intermal calcium

coapartaents. Phosphabiﬂyinositol‘binds five calciua ions‘and

- any shift cr enzyme hydrolyéis‘conld free sose of this calciunm 5

7 {Kai and Hawthorne, 1979) . Recently, this pho?pharidyl sthr has

been suggested'as a possible lechaniSlrfor the increase in

cytosolic calclnl seen in thyrotropin releasiaq hormome
PR f\//

stunlated prolakun cellg (nebechi et al., 1982). Also, it %




been'sugggsted that phosphatidic acid, proaaced by t&e

: ghosphorylagidn og 1!2—§iacylglyge:ol,rlay act as an )
iﬁttaéellnlat'ionophére (rysoa gi‘;;,; 1977; Putney et ;1;,
1980). As an ioaophore. phosphatidlc acid could, free ca1c1u; :
fron inttacellulat pools such as tke endoplaslic tetxcnlul.

‘ lrachidonzc acid letabolites nay have an ilportant role ia
ccil‘actlvatton'hy -either- stilnittingfgﬂaiylate eyeiase~andfb£ ”:Qﬁﬁ;mf
: érostaqlandin syntheSLS. Arachidoaic acid nay be ptodnced in the |

cell fros tvo different pathvays. It may result frol_the .

o SR D

action of calciun—dgpendent'phospholipasér‘z on pﬁq%pholibids;
.lrachidoﬁic acid may theh‘entetAeithet'of_tiouéﬁgéﬁgz§rthaf‘
could affect céll d¢tlv;£ion‘ in bne, lipooxyqenasgs‘pfoduCe
fhyd;oxy fatty acids such as Ienkot:ienes that haierheé; 

suggested as activators of quanylate cyclase (see Takai et ﬁlz;y~ )

1982). lltetnatively,‘cycloxyqenases can start a letaholic path

resnlting in prostaglandin synthesis. Ptostaglandlns have been .

squested:as stllulatcrs of prolactin release (Ojeda g; Ql;,r
1978). Thus calcinl depemdent Phospholipase At increases the
avallabillty of free fatty aqxds such as arachidonxc acid while-
the arachzdonlc acid letabolites, such aé’hydroxy fatty acids

and ptostaglandlns, have been suggested as reguléto:s of calcium

- ttanslocation fron inttacellular pools.
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To exasiae effects of éﬁlcinl on ptolaCtin secretion and

1ncubatxon ledill on prolactin release. Influx aad eftlux of

1ts possible rolea 1- the sec re tory ptocoss, an 15'11539
incubation method snitable for lanipnlntiol of calcium

. conqe-tratio- 'as'devcloped. A seties of experiuelts was doae

shouiag tia effocts of di!fo:.lt conceattntiops of Ca** in the

B

NP w.wam\imu&n d’:!;:‘w‘ ”‘F*W”W‘tmk’%ﬁ%;%

: ﬂiearlere—stnéied’torseethIfthe;frelategto_Qn-prolacxi;m R SR
synthesis and secretios. ' e o
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!ear old coho anllon (gggg;lxgg};g‘;;ggggg; were obtained

tron ¢npilnno Bntchet’. Pncific Biological Statioh, and a

’ :iconnctcin1 tish tatn ia Indian l:n} B.C. . they nete nnintained in “ ;-gi
| -a 760-11tor tank wsiag chlorine-ftee flo'-tnrongh water at 8 c. | %
- i; §
. flnd,conngxginl egllets jgragon aoi;;)¥§§gli§;;gl,nnder - i

dnrk/ 12 h;‘hight photoperiod. !ish ‘size varied fron 80

go a.g. aithongh experinenttl and cantrol gronps ‘were

Any sexually prenntnrnrnales (jacks)
: : . ‘ |

atiet ‘wwm.mmwm%gm
. ;
i

't size of f£ish,

he‘fisi wnrn dccapitated and the top of the head then
sk edﬁotf. The brain stes vas pulled ~forwara, 1ifting the brain

; ~ont ot'its cavity ~and forward oat ‘of the 'ay. Usnally the
'hypopiysenl stalk would break and the pituitary would have to be

wu**4;m"ttwsnﬂ*oﬁt—of—tne—nei1a—tnrcica——&heiﬁ¥fﬁitaf7"‘S‘P*‘eed‘i“‘

snall dissection tray containing non-radioactive incnhat;on
-~

sedium and the RPD teassd ilay troi the fest ot the pitnitary.’\

If reqnired, each BPD would then be-divided into hnlves.

: Sernn—free. ptoteln*free Pnck's Sqline l lts (Gibco)
bnttered at pﬂ 7.3 uith 0.1! l—2—Bydroxyethlpipetazine- -
l'-z-ethanesnltonxc ac1d (Bepes) (G;bco) was chosen ns the

inéuhation nedlnn (seavnnpendix). This avoided the.ptoblens of

calciun pnosphate precipitntion, saqnestering af ionic calcinn

by proteins, nnd competition by other divalcnt catioas such as

sagnesiua. Simce Puck’s Salime A is a cnlcinn.free nedinn, 53

1"
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ag/1 c.oﬁ’voto added’asrcnlciun chloride.'rjo'd816tic'pi039ure

ucorporation (I.-[lt 5-3B(l) ]-lenche, L-ersha-) and calcnn o

of this nediul was 292 lOs/kq whichk is sililat to leasuted

) -
plassma osaolarity valaes of fresh,later lainta;ned coho salloa

5

,(Bre'er and ncxooun, 1980). 111 1lcnhations lete donn at room

telpetature ;18»22 ca} -hich is'the reporto& optilnn tenperature

for cnltnrzlq tissne and cells of salnonids {Fryer et alas

- W”13ﬁ51._19111 synthesi:ed prolactxn.las leasaned by lﬂ-leucine L

flaxes follo'ed xith 0’Ca1c1u.,(lletshal). ’ : )
zlectrophoresis of incnbatioa products was doae vith.a’ tﬁ!

acid urea gel {ﬁavis g;,gl; 1912 EcKeovn et als, 1980) (sgg
lppendil). rhe gel uas photopolylerized Iith riboflavxn o
phosphate and snhjected to pte-electtophoresed overnight at 50'.7

Prior to sa-ple app}icatxon gel vells were cleaned*af f1u1d

extrndgd from the gels. The,slapkgel_electrophoresisigpp@:atus}_

- (Buchler Insttn-ents) with the salple loaded gels fitst Tan at ’”f”

100V for'one hoar and then at 200', nntil the dye front started .
to leava tha qel. The. gels vere staxsod forkgfotein (Blakesley
and Boexi, 1917) ‘amd the prolactin baamd oxidized (Packard S
conhustor) and counted for tritiul (Beckmaa, model LS 8000).

Prolactia was the major band in the gel. This prolactin

band has been identified by Rf (0. 27), lolecular weiqht xad

1lluno—reactivity to-pollaqk ptolactin antisntul (ncleo'n et

ale, 1980). Salmos growth hotlone has similar lolecnlar ‘

12
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. - sttﬁétute and lolaculat weight to sallon prolactin,fhovevez

pnrified salnnn gtouth horloae has been shotn to ligrate o
Aiadepen&ently of ptolactin 1n this acid urea gcl (Iag:er and.

;; | 7uc5601n, ﬁlpnhlished). Pntified salmon ptolactln has an
\\\ﬁfdeltical Bf Aa this gel (Pargher. pets. COIlh)& : 5 |
Bethods used for 1ndiv1dna1 experilents are descrihed in SR
the follo'iag,sections.imwﬁff |

o e e e et e e s

3313152 .ilh Iine

RPD's from three fish were 1ncnbated in OQS li'of:-e&iulﬂ

- 7

3containing L-[n 5-3ﬂ(l)]—1eucine (20 pCi/nl) in‘10 al rounmd
hotton flasks loosely cqveted Uith Parafill and shaken‘gentlir :
" The nediul ¥as changed at 1ntetvals betveen one and two -
: 4 ' ’fhouts. At the end of each lncuhation txne,,the ledlnl vas

centrifuged to inmsure that free cells or bits qf tissue vould L

= not—contfihnte~tﬂ—iedtal—eeuatsf—%he—eentzifuged—nedinngsas

ptecipitated overnight at 8% in 10% trichloroacetic ac1d (TCa)

-iafter the addition of bovine seruns albulin (10 pg) so that the Co T

‘precipitate vould give a visible. pellet.

The tissne was ca:ofully re-oved f:o- the incnbation: flask -
and honogenized vith a glass lo:tat aad teflon pestle in.SO‘pl
of nonradioactive incubation nediun. Tvo 25 pl washes of the |

noriat and pestle brought the final tissig ho-ogenate volume to

100 ql. ThLS'vas also ptecipitated vith 10! TCA.

the precipitated sedia and tissues vere centrxfuged and the

ol
superna;ants discarded. The precipitated pellets vere vashed in

— [ il

- N 13
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1 ll of diethyl ether ald air dried. tie pellets were then f

resuspeaded im 20 ph:gf salple bofﬁot“]mee lppendir) atd 5 pl of f
dye*added (0.11 lethyl green 1n glycerol). The sa-ple was thea 1

- applied to the electrophoresis gel.

"mu.igsgngg_
. Im these incnbations, indiviéna1 RPD*s vere placed in 25 pl

1.t‘.’_~.‘n~: ik

ﬁof ledini t20 pCi 3f-leu) it“a luttitoil assay plate fPaicor— o

3084) for 1.5 hr.. !he sediua vas thea pipetted off and placed ‘on-

ROTELSTORME NI Y

a square of Parafilm. ‘Using a teflon toothpick, a drop (approx.

i ek b

AR ,u) of 0.1% methyl greed .ia gl}cerol, aci@ad Iith

4poncentratgd acetic acid, was stirred ia. Tuenty pl vere then

applied directly to the electrophoresis well. The tissue vas .
"homogenized as described earlier. Twenty five pl of the final

- 100 pl hologenate volule vere treoted with acidified 0 1! nethyl
B ﬁmq;reeaﬁirw;cencrlmddppnedmmm gel.

'~ Electrophoresis and 3H-prolactin deterlilation.yeré perforroﬁvas,
‘ described earlier. -~ -~ = - o - . e
Eight groups of five lPD:s iere ilcuhateﬂ g‘i?.s -1 of 0, - ) | -!

TN

0+EDTI (0-01!), 7, 1!, 27, 53, 105 and 824 lq/l Cat* media in 2

sl il

sl snap top polyethylene vials. Gronps -ere‘balaloed for size ,

T ¥ - -
- >

and sex of fish. The iacubations wvere tersiamated after two hours |

S ————— e

and the ,lodia and tissuve hosmogenates precipitated im 10% TCA

overnight. 3H-prolactin vas deterajned as described earlier..
. * ‘ .

»'

1

P Y



The alonlt of prolactia was expressnd as per cent of total

sccreted by all gronph. The arc sine transforlat1on of percent

prolactin uas examined usi analysis of vatiance and Duncan's |

- i

multiple tanqe test.

1!2135&1& and :25112111 Intlli

The inztial expetileit nsed &hole BPDls fton‘ silzlar ‘size

—7—7\ — - — S g

and «sex fish as‘cuntrof!; tkere were t'elve incabations i&*thlsﬂa~3u~~

: experlnent of tvo whole RPD's each. Exne of the incubations vere
[ 9
experilental- and _three were coatrols. The nxng experimental

L

W__Wumvﬁtnnf_hnnrs;_m;igvup;giggghgtion _medium was—¢hanged to 0.5 »l

prepatatzons were thnee treatlents with three diffetent periods

' of exposnre of 15, 38 and 67 n1nntes for eacb treatnent. There»

A . .
-~
A

was one control group for each tile per1od. - ]'a o

Initially the groups vere pteincuhated is 0.5 al of media

1Y

coniaining 3i-leu (20 pCi/nml) before treatsent exposure. Aftet\ﬂ

cox?t:}lging 3g-leu (20 pCi-I) and 4SCa (10 pCi/ml). The
eipetilental ptéﬁxtations"containéd ‘either —65~1§~galuiwalino~'
“butyric acid (GABI), 6 IH dxbutyrl#tlﬂp ‘or 5 pN dopan1ne. At the
apptoptiate times one of each of the treatlents,and a control
| vete;ktgrpilated. The .IQQLa vere pipethed roff "and b:lefly
centrifuged, déd‘gied Land  e?ipitated bve:night imn  TCA as
MZ '

&esctihed earlier. The t vere rinsed fostone minute in 0.5

l; of ‘rnontadioaCtive media, vhich wvas pipetted off and

discax":ded. The tissne vas thei hcmgeﬂ—dW

250 p1, . 50 pl of ho-ogenate counted ia 10 al of lguasol II for

15 : -



- 43Ca, and the relaining ho-ogenate processed ' as ptevionsle

described. | , o
Since " there; seéied to‘berhiqh variability?betieeh,fiéh; a

nev setles of expet;lents vas run ‘using paired hel1-RPD's, eagh.

using one half as its own controi. ';““. . o

o

oo Since 1t had*ptevionsly been shown that high 0s-o¢ieAae41aume—lm'?3

inhibits prolactin secretion in teleosts, two experiments were o

condncted to investigate the relationship of high osmotic

pressnre |edxun (335 nOs/kg) to *sca znflux aﬂg 3H-prolact1n in

‘\ tlssue and ledia.i

In the first expetilent,‘five BPD's vere divided and halves
S _ " . ’ o
designated as either control or experllental.; These vwere -

' co-bined and preincubated fot tuo houts 13 nomradioactive lédia

r—\%wm—~f10'5wwnlmﬁ;n Apolgethylenehgstnppered llalsiggentlggshaggnx, The N
media vas then changed and 3H-leu (20 FCl/ll) and 435Cca (10

; pCi/li) added.’ iffef' 90’"linnte§, the tedla were rezovef- -and-- N
briefly cenfrifuged, décanted and TCA prec1pitatedAas described
pteviously;, The tissue las'riﬁsed’in ﬁonrradiéactive iedia for
one minute and then ﬁdldgenized; of fhe'finai'ﬁdlbgéﬁate “volume
of 250 ‘pl, 20 pl1 veré fenoved fof 4SCa coumting (10 llrﬂqnasol_
II) and the .te;ainingr honbgenaié, TCi precipitated and

3~ prolact1n deterlined as descrxbed earlier.

" The second experiment was done on indlvldual RPD halves

(paired exﬁeriiental + control) in a small volume of medium (25




<

- "‘.s¢_.,,;i"‘;‘)'

’Apll,lneamnn1ticel1“assa;mplateeasedgsgnihgd pteV1ously.

" The groups ‘of hemi-RPD's of one male and two females vere
!genbated in either experinental high osnotic pressure ledznl
(335 lOS/kg) or norlal control ledzul (298 lOS/kg) for one honr.
The - media were p1petted off and -xxed with S pl of: 0.1$ aethyl

£

green in glycerol, acidif;ed uxth concentrated acetic acid. and

20 p1 applxed ‘directly to the gel vell. The txssue vas riased

fotjene sinute in 25 pl of non—radxoactxve ledxul, honogenized

to a final voluse of 100 pl; 20 pl counted for 'SCa, 50 pl

ptace& on- Paf&fxit*anﬂ*i%rea*iftﬁfﬁ »l- ef~acid¢£1eé 9.¥¥fei&
green in glycerol, 20 pnl of this applied dlrectly to the qel

vell for 3g-prolactin detetnxnation.,

db-cGHP

Plve xncubafxous of five hemi-RPD's (1/2 of each RPD ‘as its

ow¥n control) vere used to examine the effect of 6 lu db-cGHP on

-

43Ca influx and 3H—prolact1n in tissue and .medium. The

<pitu1tar1es vere preincubated in 0.5 rll of media containing'

3H-1leu (20 pCl/ll) in 2 =l stoppered polyethylene vzals for two

/

honrs, The media were then changed and,both JH-1leu '(20 nC1/nl)

and *%Ca (10 pCisml) added. After 90 minutes the incubatioas

" were tenninateﬂ,andwthgmnediawandmﬁisgnesﬂtigéﬁand JB-prdlactin

quantificated, as described above.

A
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db-chMp A SR

Three grgnps' using paired hemi-BPD's, five halves pg;}
~group, wére~ preoincubated for 90 minutes in 0.5 nml of 3i-leu
media (20 pCi/al). The wmedia vere then changed to 0.5 nl
'contéining 3f-leu (20 pCi/il); and +sSca (10 pCi/ml) for 55
minutes. The experimental media also COntained'G'gn;db;cAHP;“
3i~prolactin in the nmedia- and hélf of the final-tissue
homogenates volnle of 500 pnl were quantlfled as descrihed ahove.
20 pl of tissue hﬁlﬂg@ﬁit@ﬂ'iEfG’Cﬂﬂﬂteﬁ:fﬂI‘*sﬁi in 10wl a£fW****4f
 Aquaso1 II.
An - additional group using five pai;éd heni-ﬁPD's Anas
incubated following he above préiocql except the pte-incubhtionJJf
was ,i“ non-radioac§ive ;

medius for two hours aad the treatment

was for 90 minutes.

 Chlorpromazine

Two dlfferent concent:atxons of chlorpronza1ne vere used t%“;A
see if it would effect either *SCa influx or 3H-pgolactin in |
tissue and medium. In the first exberilents, three incnbations

using five paired ,heiifoD's vere preeincnbated in 0.5 =l of

non-radioactive medium for two hours. he wmedia were then

changed, with 0.5 ml containing 3H-leu (20 pCi/ml) and 43Ca (10

pcilg}lgﬁlgraddition, thefexperilental media contained 0.Q1 X

chlorpromazine ' (Rhone-Poniencé). After 99 minutes the

incubatidns vwere tigliﬁateg and the medium and. tissue

18
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A?ﬂfprolactin; and tissue *3Ca vere deterained as describedv”

earlier. A similar egperiment using 0.1 =l chlorpromazine in tqo

incubations was pettbrled in the same manner.

wm:z.snﬂ_
: Three'gtoups of three hemi-RPD's each (one half of each BRPD

for contrpl groups)  vere prezncnh;tedr~for,btuo, hours in

~ incubation lgdia containing 3H-leu (20 pCi/nl)‘and' 4sca (10

pCi/ml) .. The efflux washout uas initiated by rinsing the tissue
. : . ]

samples in a 10 - an ‘,E;hllggggllggljbis-(g-al;pqe§§!; 7

'ether)uun'l'—tetra}ceiic acid (ﬁCTA) (Sigla)bbuffer containing
11 an calc1nl for five -1nntes, a buffer specifi;allyr aeéigned
.to remove extracellularlyMbonnd ‘SCa+* (Aaronson €t al., 1919).
Hedia were ihen changed eQery 2—3 minutes viﬁh,’ndn—radioéctive

incubation media, with the first nine changes for the

,,, S S—

experimentals containing 6 aM db-cANP. For the rela1ning “eight

changes both the experilentals and thé controls received

non-radioactive incubation media only. Media *SCa were expressed

as _percent of total efflux. The avetaged,arc sine transformed

percent vas examined using anmalysis of variance.

Y
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C. Results

Belease Rith Time |
Since there vas virtudlly no differemce in amount of
gquenching in the combustor oﬁidized sanples,ithe~tesqlts ‘were

expressed as caounts per ainute (CPHN).

~Fig. I shows that the release of prolactin wvas linear for

up to four han;sﬂsixhgnal;fafsmmlifd:ngwaifahgn;5§;xthuL§L;;W,,
Sex Difference
/ B
There is a strong correlation betveen the size of fish and
the total 3H‘prolaétin unique for each sex o;\}?sh. Pig. 2 shows

[ 2

. a correlation of r=0.98 for the females and a cortelation of -

r=0.91 for the males, while a line fitted to all the points

{male and female) has a correlation of only r=0.28 (not shown).

' The amount of 3H prolactin released as a percentage of
total 3H-prolactin is showm in Fig. 3. Maxiaua release occurfe&i

"with 53 =g Ca**+ /1 media (p< 0.001). Calcium concentrations

higher and lover resulted in less 5H‘p59}acfin secretibn. at p<

.0.05, EDTA group secreted less thanm all other Qroups except for

zero calciul;'106 mg/1 group secreted lore'than 7 and 424 ag/l

groups.

20



Fig.

3g-prolactin secreted into the media over six hours,

'showing linearity over at least four hours. <
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Fig. 2. Total 3H-prolactin produced by iidividﬁal;,coho costral-

pai:s distalis compared to.the veight of the fish. Best

i - —fitted lines indicate differences betveen males and

fenales.
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-

rig. 3. 3H-prolactin }éleas'é}. ‘expressed as a percentage of

;f; o ~all groups, into media containing differing amounts of

_Cate, Significantly more (b=0.001)~vas’secreted ia

0.53'19/1 sedia. At~g=0.05, EDTA gronp—secrgtedvless 
thaq:a11~other groups except for zerp,fa'+:'106 lg/i '

»groﬁp secreted more tham 7 amd 428 mg/1 groupé.
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8.

+sCa tissue accumulation against tissue 3H-prolactin.

- .

There was no relatioaship betveem *5Ca tissue .

_accumulation angwfgfgpolactiilinrledia.
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-
"EBffects of high osmotic media on 3H-prolactin im 7 -
tissue (/\ ) or media (X) against tissue *5Ca
accumulation. Experilentall treatsents expressed as per
cent of totzg:lexperinental plus comntrol), -values over :
50% indicate ®hat the experimental groups vere more -
active. ' ‘ N
=
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kJ

- Bffects of db-cGNP on 3H-ptola¢tin in tissue (/) or

media (X) against tissue *%Ca accusulation.
Expe:iIEntal treatments exptgssed as’ per cent of total
(expet;nentals plus controls); values over 50!

1nd1cate the experimental groups uete more actlve.
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Pig.

1.

Effects of .db~cAMP on 3H-prolactin in tissse {/\) or

media (X) against tissue *SCa acculnlation.J

Experimental treatsents expressed as per cent of total

(experimental plus control):'valnes‘ovér 50% indicate

that the experimental groups wvere more active.
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Pig. 8.

Effects of chlorpromazine on 3H-prolactia in tissue (

/\ ) or media (X) against tissue 43Ca accumulation.

Bxperimental t:xiejit,genés gxpressed/;a’sgt_u‘cen‘tv\ of total
(experimental plus comtrol); values over 56% indicafed
that the experinent;lmgroups veré sore active;»fuo
incubatioiis in 0.1‘|ﬁ chlorpronazihé shou‘siélgest_net
qccu-ulation of %%Ca; other chlorpronﬁzine

concentration 0.01 mN.
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N 7received control media. Sigmificantly differemt ) /

N
~,

N
9. Bftldx of *3Ca, eipressed'as per cent repainiig;‘avet

‘time. The experimental group received db-cANP for the

first eight media changés, afterAuhich'both groups ' /

-\\\1p=0.05f at 17, 19 and 24 minutes, standard errors . o

less than 1% not showa. , ' l‘ o o 'A/
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contrpl tissue Shored hd“pdtterh‘over the three tilés, either in

the txssues (1ncluding controls) vere plotted agaxnst the

i 3H—prolact1n 1n all the tlssues, a lxnear cotrelatlon (r-0.90)

‘reliable results. The hxgh osnotxc ledxa inhzblted 3ﬁ-p£olact1n

'e;perilental'tissue compared to éontrols¢ These three

4the*1o1es141e1els4o£_rglﬂasagln:ggghsgrlgd 1n groups:

contain1ng 0. 01l BDTA. Both 0 amd the EDTA gronps still shoved
some release of JB prolactxn.

There vere no statistical differences in tissne content of
lahelled prolactin,re;cept that 0.01% EDTA cansed lover
synthesis. |

-
:i.ilmmm

' The experilent usinq vhole BPD's frem similar sxze and sex

fi§ﬁ’vas*of’ffifféﬁfiiiﬁé‘ﬁﬁﬁﬂﬂﬁ?tﬂ%ﬂhfiypareﬁtfffttqn : == ===
variability. betueen BPD's of dlfferent fish, even if size and

sex vere accounted for. Tbis xs-shovn by the fact that the

i

media or tissae 3H-prolactin,

Hovever one‘relatiqﬁship became apparent. If *3Ca in»alll

v.«émm@»mﬂmmmm b il

>

beco-es evident (ng. y).luo such cortelatlon is found betueen

45Ca in the tissue and 3§~ prolactin in’th9°lediul;

——

The experllents us1ng paired hemi-RPD's provided more

b

release conpared to ccntrols in all incubations (Fig. 5) uhlle_

thtga,of:the,incnhaxiqnsfshgned_zﬁ;ptglicgigﬁgCCnnulation in the

incubations also shoved +sCa accuaulation in the tissue.
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Db-cGaP also seeled ‘to imbibit release (!1q.-5)1 he

relationshxp betveen t1ssue 38-prolact1n and 05Ca is also shown ’

here: high tissue 3H-prolactin cosmpared to coatrols is

accompanied by high tissue accusulation of eSCa. The inverse may

not be ;rue'houever,ﬁas one of these incubations shows a greater

‘caused 3H-ptolact1n release conpared to controls. The tvo

43Ca acculﬁlatiqn in the tissue cgmpared to controls while there

is less 3#-prolactin than controls..

Db-CAMP also Seeied to inhibit\’ﬂéproiactin releaselirig.
7) conﬁeted to controls. There vas hoeevet°en obvions‘

tissnes shov a net accumulation of *3Ca.
ChiorptOIazineﬂat'bo;h coneengtations apéeated to shov a

reverse pattern, (Fig. 8) with 3~prolactin iﬁ bpth~the'tissue

and mediua showving ah inverse relationship to tissue ¢sSCa net

accumulation. This is also the onlyrexperilental treatment that

1ncubatxons at the hiqher chlorpromazine: concentratlon 0.1 nu)i

show the snallest net accusmulation of 'SCa in tissue coupared to

controls.
4sca Efflax and db-cAAP

" The db-cANP-treated tissue shoved no differences ccnpared

to controls for the first fifteen lxnutes (FPig. 9), then there

was an elevated 435Ca efflux in the db-CAMP treated tlssues that

continued at least two minutes after the db-cAHP treatment.

stopped. At t;enty seven minutes uatil the experilent‘uasea

N



LA

. _termimated, there vas again no differemce between comtrol and -

éxperilental efflux. Thus, this experilent”i dicates a "lag"™
period.befor§7db-clnp causes efflux of 43Ca and that this efflux

' ‘thenm retarns to coatrol levels after db-cANP treatment is

‘stopped.
. a _ S
f L)
[
-
¥
Y
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' D. Discession

3§-prolactin release with ‘tige
These results shov that the xncubatlon nedxul chosen vas °

"satistactory in that Ielease vas. lineat for. up ta,at least four"

hours. - o

These results vere in agreelent with those of HcKeovn et

al; 11980) vho found linear release with time of 3H-prolact1n -
. fronm the incubated RPD of the rainbow trout Salmo ga;rdget;,
usihg a sisple 1gggﬁg§ Ringers, similar to Pucks saline A (see
Appendix): B ‘
Tilley (nnpuhlished 1980) did not find linear relesse with

;tilejfot 3H-prolactin from coho salmon RPD's. However, his

7_ !enggus Ringers wvas of lower OSIOflC ‘pressure t277*1057kq) than -
_that observed by ucKeovn g; g;.»(lQBO) and nuchvlessvthan ‘the -
report;h value sf about 300 -Os/kg°(Btevéf and cheovh, 1980)
fos coho salmon plas-a. Thus, this lower osmotic pressure could

.cause accelerated release and perhaps, due tolﬂepletion of

g

different "pools® of prolactln uxth1n the cell, the release

’

profile hlght change.

Also, varlahxlxty 15 fonnd in the prolactln secretxon ia -

vitro hetueen 1nd171dnal flSh and this could represent a sourcé\,

of error. This ‘experiment ‘avoids this possxbxlzty by changlng

the medium at intervals on the same group of RPD°*s.

\
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m M.s:gass_ |
The males produced more " 3g- prolactln in vitro per gras of =

fish than %he females. Ptoduct1on of 3H- prolact1n by females
seeas . to he relatively 1ndependent of size, whlle the nales show
a such stronger relatlonship betueen size and total.
3B—prolact1n.,51nce T7—p estradiol has been shown to be a potent
stllulator of ptolaqtin synthes1s and release [{see Labrle*et_'

als, 1980; Buckman et al., 1980), thxs -1ght seen surpt151ng.

Prolactin production is affected by 17-p estradiol at both

‘the hypothalamic and pifuitary levels. In the hypothalasus, bgthb

17-p estrad101 (Paul et _;; 1979) and progesterone (Cramer et

al., 1980) increase dopanlne cretion. Olcese and. de Vlaai%g
(1959).shou that both 17-p estradiol and progesterone inhibit
hypofhalalic ponoaline~qxidaseinanwenzyae\thatﬂiaaet;va@eswWWWWW,W_Wﬁ,
catacholasines such as dopasine. _

At the pituitary level, 17-B estradlol has been shoun to ‘ oo
bimd to’ cytoplasamic receptors and 1nteract with the nucleus as
expected in classic steroid theory (Hang et g;z, 1978v Spona et
al., 1980). It is probably thtough thls mechanisa that estroqens
cause increased synthesis of prolactln. Bstrogea stilulation'of
prolactxn synthesis has also been linked to 1ncreased levels of

<« S

pxtuxtary pntrescxne and sperlldxne ;ﬁ’/; (Gray et gl&, 1980).

' These and other polyallnes havegheen assoc1ated with in yivo and,
" i@ vitro tissue growth, possibly interacting vith nucleic acid

" regulation and protein synthesis and thus may explain the

/
e
34 .



stinqlatihg'effect of esirogeninpon prolactin synthesis.

However, it is also ;epotted-that eétrogen*iswinvdlvedviithJ' )
various me;btane-ngdiated nechaniéas such as recép;bts and .
-granule processing. It has been téported7thatb17fp'eStradiol
desensitizes ptoi&ctiﬁ'Celgs tb &opaiiiergiC'iuhib;tion, :
pfq'*ss,i,blr" by alteriﬁg dova-i,ne-,récept_qr_ structure (Dufy.et al., =
1979) or nﬁnber (Cr;nin et al., 1980). Hembrane recéﬁtbrs'for”“”‘”“””’
'4est£o§ens have beenLSugge§ted.(Pietra§ ans S5zego, 1979),

although a more gemeral effect on reabrane lipid composition or

fluidity may be involved {Dufy et al., 1952).

Another le;brané effect of 17-B estradiol is fhat of
maintaining thyrotropim releasing hotloneb(TRH) réceptoré;on
prolactin cells (Piercy and Shin, 198b);

Prolactin gtgnule lenﬁrahes nay also interact with

. ~ A
estrogens. Dopamine has been shown-to-bind to prolactin —

granules, possibly inhibiting release, and estrogen treatmsent
reduces this dopaiipe hindihg {Gudelsky et al., 1981). Tﬁese'
-aotkefs have also shown thatli7-p estrédiolkantqunizeé |
dopgniﬂe'é ability to stimulate 1ysoso-dlre;zyné aétivity‘inithe
rat pituitary (Nanmsel et g_.,'1981), presumably decreasing |

granule crinophagy. “ : ) .

An indirect way that estrogens might influence prolactin

.

production is by changing‘the plasma calcium levels. Pang and

' Balbontin (1978) haveﬁéhqun that estradiollelevates plasma

calcium in the male killifish Fundulus heterocljtus while

testosterone had no effect. Although the possibility that
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estrogens can nédiate ptolactin production by a;teripg plasna
calcium is attractive, Copp and Ma (1980) do not find |
significant differences in ionized plasma calcium betveeh male
and feamale spawning salaon and there appearsrfo be no différénce
in .total plasma calcius betseen male and female salmon during
their dovnstreaa migration (Parker, pers. coma.).

The possible role of 17-B estradiol as avcegulétor of
| prolactin fits well with the discovery of am extra-gonadal .
source of_esttogeps. While all yertebrates have the enzyme

']
androgen aromatase present in their neural tissue, the sculpin

Myoxocephalus égtogecilsg;gosus has 100 to 1000 times the levels‘
fonhd in rats and rabbits (Callard et al., 1978) This enzyme ‘
transforas circulating androgensringo estraones and_estradioi. On
a unit wveight basis, this estrogen bio-synthetic pathuay.exceeds
that of the gonads. #hile the pituitary aromatase activity seeas
Areiatively low, pituitary estrogen per umit weight was.at least
twvelve times higher than that of other braim regions (Callard et -
al., 1981). The brain tissues were higher in estrone uhile'the4i
pituitary had’a auch greate; bropartion of‘estraaiol, possibly
reflecting differenceé in receptor binding affinities.

Thié centrai.nervoqs sSysten estrogeh production varies with
gender and Seﬁsan, but its role in juvenile salmonids is
anknown. .

,/yavever the object of this experiment was to determine if
gender différegces could account'fOEJSOle of the variability

found in prolactin production between groups. It was considered
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to be sufficient evidence and subsequently groups véreanot only
balanced for size of fish but also sex. o
JA-prolactin and medjum Ca** levels

- These experiments indicated that variation of medium

calciua concentration afféct;d the amount of pfolactin releaseg.‘
Significantly more prolactin‘iasﬁ§éie;sed in the 53 lg/1>Caf‘
‘group. This is the group closesf to thefplasné concentration 6f
6.19 mg % ionized Cat*+ reported by Copp and Ma (1980) for
freshva ter sockeye salmon gnco:gxnchnsvggggg.

Consistent vwith stiinlns—secrétion coupiipg, I found that
Cat*+ free groups secreted less prolactin, although Moriarity and
Leuschen (1981) attribuated lacé of response of ptolaétin éelis
in calcium free medium to loss of intracellular caiciun and not
the abscence of external calciuns per se . However, I found that_
iy.calcinl free group continued to secrete measureable ato&nxs;
This is lik?ly due to endogenous inifrstitiai calciun; as shown
by the fact that 0.01% EDTA appéared to reduce secretion

further. The highe; cohcentrations,of caiciun, above

physiol ical levels, caused reduced prolactin secretion. This

effect of high calcinl has been shown by Douglas and Poisner
(1964) in the posterior pituitary, and more receatly by Thorner
et al. (1980) on prolactin secreiio; in rats and by Ray ahd
Rallis (1982) in sheep. ) o -

It is possible that hig& calciua causes meambrane
immobilization since high calcium is reported to "freeze"

»
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) prolactin granules inAexocytosis (Roﬁbos and van der
Wal-Divendal, 1980). It is also possible that calciuam ié having
an electriéal effect since ptolaétin cells are repbrged to ﬁave
, spontaneous action potentials (Brailes et al., 1977) and thét

: o ) .

teleost prolactin cells have a Cat+ component to their action

potentials (Taraskevich and Douglas, 1978). It could be expected

that one of the iibortant factors influencing this calciua
dépeﬁdent elébtrical activity would be fhe,extraCellular Cat+
concentration. o

In the rat (Thoraer, 1980) and sheep (Bay & Wallis, 1982)
it ﬁas been repotted that ptolacti; r;{éase is dependent upon
exttaceilular calcium concentration with maximum release at
about 2 aM. However the media in the above sfndies contained
proteins (serum or BSA) and thus the concentration of ionized
calcium is not repértéd. Working with proteiﬁ—free lediE;: White
et al. (1981) report that proiictinwsec}etioﬂ from neoplasic GH?
is optimal at 0.2 = calcium. Presumably, this calcium would be
primarily in the active ionized fotl,'uhileAa large portion of

the 2 afl calcium used in the protein-containing media would be

sequestered and therefore inactive.

*3Ca Lgf;dx and 3H-prolactin

The experimental treatsents chosen in this experiment were
dopamine, GABA and db-cANP. However, the use of Jbole |PD*s fros

similar fish as controls proved of limited value. There wvas a
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high variability between controls that precluded oﬁfaiﬁiﬁ§
useful data f:ohithe experimsental treainents;'This"variability
vas reduced, bqt,not sdfficienxly,.by balancihg coatrol groups
and experiseatal groujs for size and sex of fish. |

¥hile this experisment nsin§ vholg SPDyconfrols fros sinilif

fish did not provide comclusive answers to the above suggested

-~

prolactin regulators, there was a definite relatiomship shoun
bet ween °§Ca'accululatign ip the tissue and 3Héprolaétin
accuaulation for all tissues.jboth e;périlentil,anh control
(Pig. 8).

If teleostjptolactin cells utilize the granule release
process as coamoaly described, iucreased graiﬁ{at p;oduction
vould likely .increase the ‘SCavassociated'!ith this pool. As
described earlier, prolactin granules accusulate calcius and
thus *%Ca accuaulation couldVpgpfgsgqt_gitpg;’an increase in
size of ihe granular pool or increased turnover ;ate,'vhich in
the short Efg; experiments would tend to fill a fired size
grasular pool f&stet with *3Ca. These explamations would not
erquire an increase ina cytosoliq iomized calcium or'An increase
in calcium influx across the cell ne-btane,vbQYOhd homeostatic
‘regulation of caléinl. An alterggtive explanation'is that theré
vas an influx of calcium across the mesbrane and this was |
accosaodated bg uptake by varioius Cel}ulif’éiiéiﬁi p66137 such
as granules, endoplaswic reticalium or mitochondria. In this
explanation, an influx of calcius leads toc 3H-prolactin
accusulation, either through i#Ctelsed synthnSis, decreased

k-3
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relgase or degradatioh tcrinbphag}). The fhifﬁ”pﬁgsibtiity*i;;;iQ'
that calciuoa influx led té cytosolic accumulation. Houever; |
since free cytosoli; qgiciul aust be carefully rggplatéd, it is
doubtful that there is any long tern increase.

The obvious vatiaiioﬁ in the above eiperi-ents;nade'it
necessary to use a differeng appfoach. Hqif of each RPD was used
as a copttol, either singly;Or as,ﬁart 6f a contrcl group.

Paired anterior hemi-pituitaires were used in studies of rats (
(Enjalbert et al., 1979; Réy ¢ wallis, 1981). Baker and Ingletéuv
(1975) used paired hemi-pituitary glaads to examine hormone
secretion in Angujlla anguilla and Salso gajrdperi. The
expgrilentil treatments chosen vere high osmatic pressure,

db-cGAP, db-cAMP and chlorfrosazine,

g

~

High-Osmotic Pressuge

As expected, high osmostic ledia inhibited 3H-prolactin

release. Studies elployihg Iiphophorys (Sagej1965), Kngﬁiiig

#aguilla , Poecilia latipiena (Ingleton et al., 1973), Tilapia
.B0Ssambicus (Sarotherodon 19§53121§g)(231bran0 et al,, 1974)

have shown that osmotic pressure can imflueace prolactin release
in vitro. Preliminary work imdicated that coho RPD's jm Vvjtro

also were influenced by osmatic pressure ([NacDonald,

unpublished) . This earlier vork shoved aw inbibition of e

synthesis of 3H-prolactin over a six day culture as opposed to

the increased accusulatiopr of 3H-prolactin seen in the present

40
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fShOtt‘tEtI iacubation. ﬁoveﬁer) Shott“teti“tﬁcﬂbﬁtiﬁn34afE—*—ﬁ*‘Wwmfh~
reported to shou an 1ncrease in tissue prolactin when 1nh1b1ted
lby bromocriptine for the fxrst four days, folloued by a declxne
in 33—prolact1n, p0351bly,ref1ect1ng 1ncreased crinophagy

(Dannies & Rudnick, 1980). Baker and Ingleton-(1975$'report that
only‘neuly synthesized‘prolactih (JHéIéucine,incorpdration) .
release vas inhibited by high sodium conéqntratioh. Hoievér)

" these experiments wvere done at 5° and 10° as dppos;d»to 20° used
ih'the greseni siudy and itris expected»thﬁt Caf* ATPases would
be sensitive to teiper#tune. Low telper;tute has been shown to
affect prolactin‘rele;se in two phases: a short term (2-7 nii)'
Ca;* independent release and a loag tecl.(Jo-GO'gin)‘phase,of
release that seems to be associated yith ﬁecreaSed Ca**-ef%ldi
(8illigan i979"uilligan and Kraicer 1979). néKeown and;Peter

(1976) repott that higher telperature causbd xncreased prolactln '

release«;g ¥i¥o in the goldfxsh Carassyis aygatus. Pryer et al,

{1965) reported optimal growth of a salmoa cell line at 20°.
Although high osmotic pressure.inﬁihited release in all
four of these incubations, *3Ca tissue accuamulation éccqrred
only in‘tSé threé incubations that®had ‘increased tissue
Ji-prolactia over cpntrols. This is coansistent with the first

experisent showing a relationship between 3H-prolactin amd 4%Ca

-

accuaulation. . - A



4b-cGHP

fh; nechanis-'and physiol&@ical role of cGHf is siill
obscnre, although apparently it neither parallels the role of
CAMP as a secoad lessenger according to Shthetland's/crzterza
(Sutherland g_ glg, 1968) nor antagoa;zes cluP yxa a "duelistic®
rrole as postulated by Goldberg (1975).
BN waever,,it,has often beenvnotedﬂthat-celiular levels of
CGRP seenltb be associatgd‘lith ce1iq1ar calciua netabqlisi'And
Rasmussen (ﬁéft) suggested ﬁat a hormonally induced calcium
~ influx leads to an increase in cytosollc CGMP which may increase
. both the alplltude of the calciul pulse and/or the sensitivity

of the tesponse to calcius. Howvever, others have suggested that.

the actlon of CGNP parallels that of calciua. Rubin (1982)
4

Ty TR A

pointed out that physiological agonists of CGMP requ1re whole
cells, and fail to 1ncrease cGﬁP lgieigd;;mgfokehiggiis,iseen;ngVWﬁWV'W ;%7
idgilplicate interlediaies, Michel (1975) pointed out an | N §
apparent relationship betveen phosPhatidylinositbl turnovéf and \\}\\ §_
cGﬁP increase, in the absence of any increased cellular cANP. i%
Takai et 3l. (1982) supported this viev that uasaturated fatty ¢%
acid derivatives, vith_special elphgsis‘on arachidonic acid, may %
link extracellular sessengers to guaaylate cyclase.  ' v - :z
In these experimests there nnsinn,nhlinns,atfnctsﬁgt, 'é

incuybations with 6 lu db-cGHP, although the 90831b111ty of ’

inhibited release is present, Houevér, such large concentratidns

of excgenous cyclic nucleotide may interfere with cANP ' )

¢ o
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metaboliss, since they may share the same phosphodiesterases

{(Cheung 1979). -
The apparent 1ncrease in *3Ca accusulationm with an'increase
yxn tissue 3H prolactxn is also found in this treat-ent. Bowever,

the converse lay not altays_be true as one,lncubation showed

‘elevated tissue *3Ca without elevated 3H-prolactin.

db-came | |

The first 'second lessenger' proposed by Sutherlaud g; als
(1968) to Lm emmu;u protein hormones to. ggLLuLar '
response was CANP. Adenylate«cyclase regulatxon was recently
revieved by Swvillens and Dumont (1980), cyclic nacleotide
\\pbosphodiasterase by Strada (1982) and-cellular tegulation by
pr;tgin phosphorylation by Hofmamn (1982). | o

;;ete are many studies that xlplxcate clup in regulatloa of
ptélactin ptoductxon. However, it is mot clear whether cANP is
primarily invdlved inrsynthesis or' release, althou§h it could be
‘fundamental to both:c |

Nagasawa et al, (1972) reports that dh-clué-siilulates
'releaselof‘p{olactin from rat pituitaties ip yitro. Hoveyér, the
possibility.that the primary effect of CAMP is to stilnldte_
sjntheSis in rats has beea suggested by Sundbetg et al. (197e).

They point out that TBH stxlnlates release uithont elevated cANP

and that choleta toxxn elevates cABP vxthout 1ncreasxng release.

o

'Thorner et als (1980) foumd no 1ncteased release when endggemnous

clnP wvas elevated by adenylate cyclase stilnlation using
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prostaglandin E and chplgggﬁtoxig,VQQEE!gF!Wdb—éiup did o

_ stimulate reldase. It vas siggested thhi-dhjflpP, as well ds the

_ph05pﬁodie3terasevinhibitot, iheophyl}ine, may mobilize
ingtaceliulat_éalciun {élso see Dnnldp et 31;'1961j. ﬁantgr
(1982) éhowed'that elevated CAEP increases prolaéiin aRNA and

proposes that cANP effects syathesis,

A db-cAMP stimulated release of prolactin has beem reported -

in teleosts, NcKeown ggvg;;‘(IQGO) reports that 6 aN db-cAnp

stimulated both symthesis and release in rainbow trout égjgg

ggifgggiii Gfaﬂfg£~gi1751332; ££¥92§~1,dgénggspggggﬁiggﬁggzgggg,~

on prolactin release in tilapia (Sarotherodon 210533asbica). My
results clearly show an accumulation of 3f-prolactin in the
tissue vhile"ﬂépfplactin release to the qediul is, if.;ﬁything,
inhibited by db-cAmp. |

Tvo expeti-entél differences, osmotic pressure aand mediam

' calciuam conceatratiors, may account for the discrepencies

betveen this vork and the previonsly mentioned studies.
Osmotic pressure was different in the three studies. This .
' preseant Study vas done at 298 m0s/kj, very close to the reported

value for coho plasma (300 =»0Os/kg} (Brever -and cheovn’1980).

—

Work done by_Tiliey (unpublished) confirmed the cAAP stinuLated

release reported by ucxeovi?ggtglz {1980) Hd;evet, both these

studies vere dome at 287 mOs/kg or lower, and as discussed

earlier, low osmotic pressure per ge stimulates prolactin

release in teleosts and could be "reraissive® to release of CARP

stimulated ‘synthesis. On the other hand, Grau et al., (1982) only

-

e

a4



shoved that db—cAMP relieves high osmotic lrhibition of tilapia

‘RPD's ;g vitro, rather tham a direct stimulation. While.it would
be d1ff1cu1t to relate these effects xnto a single mechanisn,
‘osmotic pressure could infln:nce cANp stxlulated release in a
gggi;vlanne:. possibly evea involving calciua.

As emphasized is current revieusv(RasnuSSEa, 1981; Rubin,
1982), calcium and cluP'are lnternnlly linked inm £heisrtolesm&s

cellular regulators. Calcxnl can elther st;lulate or xnhlbxt

adenylate cyclase. Calciul can also stxlulate callodnlln"

activated g&esghaé;es;srisgsr ;hggfdegrad;nguclaa AlCLJC,Aﬂﬂf

can influerce cytosolic Ca++ levels by (V) 1ncreasan uptake by"

_sarcoplasnxc reticulus cr endoplasmic retxculnn,_(Z) 1ncreased
- activity of the plasma -elhraneypunp, (1) decreased oermeab111ty
of the plésna mesbranes, (4) increased iaflux fron an

intracellular source {mitochoadria), (5) inéreased binding

'affxnlty of calcxun receptors for C&lClﬂl and (6) altered -
binding of calcium receptor protein (callodul1n) to the_lelbrane
(Basnussen, 1979) .. |

In the db-can lncubatlons reported here, the nediul Cat+*
levels chosen {53 lg/l) vere shoun to be optllal for basal or
unst1nulated prolactxn release and also are very near the
physzoloqlcal ionized calcxul levels of sallon ;lASla. The
studies of McKeown et gl. (1980) and Tllley (unpuhlished) used
higher levels of nediun calciul {80. 0 lg/l) as dld Grau et g;;

/ .
(1982) (80.% mg/l). ' T o |



It is possible that. the higher ggg,t,,is,;pressnte ~and/or

decreased lelUl calcium used in the preseat experllent could be

‘v

inhibiting release 1n CANP stxnnlated prolact1n cells, and that

at lowver OSlotIC and/or hxghet calcxnl levels this cANP
sfinulatlon“could be tramslated into iacreased synthesis and

release. The role that this high mediuam calcium could'havelin a

-

- CAMP stimalated cell is shown in vasopressin release. Matheson

and Lederis (1980) repott that vasoptessin celease frosn the

'neural p1tnltary lobe 1is coordinated by clBP and calciul.

IntraceIIvIat cinp appears ta fiﬁﬁ%ifﬂ'ttﬂfSEiSitt#%t?f€£’tﬁef

gelease lechlﬂlSl to Ca**, This caAAP dalpenlng of secxetory

 respomse nay be overcowme by anreased conceatrations of

extracellular calcium in the sediun, althonqh extracellular
calcium per se does not effect rasal vassopressin secretion.

As sentioned earlier, cABP and cGﬁP lay share some

pbosphodlesterases and thé latgé concentratxon of db—cAHP used
here (6 nH) llght 1nterfe:e -lth CGNP metabolism. The db-CAMP
conéeatratiqss of 6mM is the same as that used by HcKeown et 51;5
(1986) ané in the same range as Grau et al. (1981). While thése
ébncenttations may seea high, aslpointed out by Svenneh and
Denef {1982}, tissug incubation$~uould be'expected to be less “

sensitive to treatmeats than would individual cel

It has been suggested that db-cANP could pro a
“"butyrate effect® as opposed to actiag as an analogue of cANP
(Dannies et al., 1976). However Maurer (1982) fannd no prolactin
response to butyric acid in‘rats, and Grau et al. (1982) reports

8
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nb—aiteredfte%easértef iiliiiela{ éuantitiesLbfﬁbnt¥ticgacid_£nn'

up to 20 hours, vhile the same concentratiom of db-cAMP produced -

dralatic‘elevations.

A-biphasic résponse to‘Ca**,hy‘aden late.cyclase bas been‘n
ﬂuot;d inrseveral‘ce11 £ree ptepafations (Hahaffee and Otfies,
1930, Piascik et al,., 1980). Loy.Levelsﬁof Ca3; stimulate

adenylate cyclase while higher concentrations inhibit this

enzy:e. Deery (1975) repotts that adelylate cyclase in the, RPD

of the goldfish g3;1§§;3§ gg;g;gg is inbibited in vitro by

_Ca**+ in the lediul, wvith maximus 1ui1§1fion occurring betveen

275 and 550 mg,sl Ca++ Thus, it is possible that the highef Ca*+

leve%g of McKeown et a3al. (1980) and Grau et al. (1981) could

have inhibited endogepbus_gjﬂ? production.

Chlorpromazipe

Antipsychotic‘phencthiazines such as chlorbrouazine have

begﬂ'shoin to elevate serunm prolactia levels in !;19 (Ben-David“
'g..glz, 1971 Lu g;'gi; 1970; Takahashi et al,, 1979) and jp
vyitro (Clenent Coursier et _l; 1977; Heindel and | | .
“Cleneht-Conr-ier, 1981). However, :he:nechanisn of action of
4chlorpr0lézine and other pheuothiézines is not yet clear.
Chlorpronazxne is a prophill;c drug that has laay reported
actions that could 1n£lueace prolactin pIOdﬂCIlDBJ,ILAhﬂS hggn
reported as a dopaaine receptor an;vggnist {(Horne and S}!QQEL
1971) although tkis ha’s been questxon d (Heltzer et als » 19?9‘
Le Pur et al., 1980). Chlorpronazxne is also a potent 1nh1b1tor

L3
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of the'ﬂhiqﬁttﬁﬂs'eiIEt&I'Eeeeptef psate*n4calnodnl;nf{Le1LuJ&
‘Hezss 1976) but there is somse dcubt as to its selectlvxty and
effectiveness in whole cell treatments (Boufogaf};, j381:
Feinstein & Hadjian, 1982). | ' A |
This present work Shovs thaf chlorprélgzine'can increase’
38-prolactin in both tissue and -edipl}:yilé;dec:easipg isca
accumulation. If this decrease in tiSsue.*5Ca represeats
deéréaéeq calcium inflax, it vould be difficult to attribute
inc:éased'iﬂQPtolactin release to a calmodulin effect, since
Cca*+ activates cai?odulin.ﬁévevet, there is considerable
ev1dénce that iatracellular calcium’ rearrangeaents without net
influx cén cause release of TSH (Gershengorn, 1980; Plecknan et
-al., 1981) and prolactin (Moriarty and Leuschen,&19§1j.4!he
phenothyiazine ttifluopetazine has beén suggested fo cause

1ntrace11u1ar Cates release in platelets (Pe1nste1n and Hadjxan,

1982) , and Dhalla et aj}. (1980) suggest that chlorpronazxne

inhibits micrososal Ca+* binding and nptake, probably by

imhibiting Ca**-ATPases. Hovwever, a mechanism of actiom for

elevateA cytoso1ic calcium is difficnli/::benvision since both

calaodulin and proteinm kinase C. (Takai, 1979) are also ihhibited

by chlorpromazine. Since ¢a1ciul efflu; fton |

qchlorpt0|azlne treated tlssues vas not seasured, it is,pbssible“

that massive reiease of imtracellular calcium tsflﬁlushinqueut— ;7

any *SCa influx. SRR . ' . o
Even if the three commonly described protein kinases are

A
considered, it is difficult to assign them a stimulatory role in
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chlorprouazinéfstiinlated pto&acti#*feiéase:fPfoteia—kinaseQGTQWuws;m
‘stimulated by calcium and'phospﬁolipid, is inhibited by
chlotpronazihe. Dh—cauf and db-cGMP presumably would stimulate
profein Xinases A And G respéCtivelyﬁ however, as described

. earlier, there was no increased release with these treatments,

balthpug db-¢AMP clearly increased synthesis. NMoreover,
chlorproyazine light be expected to inhibit the rhospholipases
{Feinsgein and ﬂadjlan, 1982) necessary to generate the lipid
‘catabo‘1c products ‘thought to be necessary for guanylate cyclase
activity (see cGAHP d1scusszon).' | ‘
If no intracellular iecpaniSl can readily account-fbrr
chlorprosazine éffects,,perhaps membrane reactions‘are‘caﬂsing

increased 3H-prolactin release. N

Prostaglandins have/been suggested to release prolactin

(Betteridge, 1980) but the phosphollpase A2 necessary to

generats prostaglandlns is reported to be inhibited byA
phénothiazines (Feinstein and Hadjian,s1982);

Another pqssibility is thst the meabrane lipid composition
is changing due to chlorpromazine sensitive lipidrnetaboliziﬁg |
enzyses (Allan and Hicheli, 1975; Brindley and Bowlef,‘1975;
Bowley et al., 1977; Stﬁrtdn;and Brindley, 1577; Plantavid et
al., 1981). The net effect in lipid composition in response to
chlorpromazine would be an sccnlulqtion~ofmﬁhosphati&éteTéaﬁsxﬁm————f
decrease in the nusber of neutral hpldssncha&iuglmndmii
and'phosphotidylcholine and an increase in the acidic
phospholipids.suchis phosphatidylinositol. These

Ve \‘
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chlorpronazine-iuduced-lipid cblposition changes in neitranes
may be inporthnt inAlodiinn; ;he-calcinn’binding ability of the»
lelhrane and pbssibly the secretéry activity of the uenbrane,

Membrane "deactivation"'by.calciuﬁ displaténent froma plasna
membrane phospholipids is the sug?ested mechapnisa of action of
local anaesthetics (see Papahadjopoules, 1972). These local
anaesthetics work by interacting with acid phbspholipids such as.
phosphatidylinositol, father thah neutral phospholifids such'as
phosphatidylcholine, and stabilize the membrane, increasing |
electrical r;sistance and raising mglbrane"potential (Feinstein,
1968) .

. - i
Membrane "activation” associated with increased mewmbrane

calcium binding is g;uhd in prolactin secretinngH cells
stisulated with TRH (Leushen ég g;.; 1§83). Prolactin secretion:‘
stisulated by depdlarizing concentrétions of K+ also show‘ah.
increase in plasma membrane calcium (Leuschen et gl.; 1981).
Thus, chlorprosazine may modify membrane calcium binding
characteristics, aided perhaps by a redirection of de novo
-phospholipid synthesis (Allén and Michell, 1975), although the
lover *5Ca accumulation of chlorpromazine-treated tissue seen in
the present experiment seems to argue agaimst a "high calciua"
state of the‘chlorpronazine-actiﬁated-cell.'ﬂduever, this lowver
~ 4SCa accuaulation of chlorpromazine treated tissue could be a
result of altered ion flux rather than lowered .ion binding.

There are at least four suggested mechanisms for calciua

gates that involve phosphatidylinositol turnover (Michell, 1975,
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Thompson Jr., 1980; Michell, 1982:Arelred and Hirata, 1982) and,

. as described above, the enzyme reactions associated with acidic .

phospholipids'art‘stsitiVe to chlorpromazine., Evidence that a
phenothiazine can ihhibit.a Ca++ gate iS5 provided by Fleckman et
al. (1981) vho réport that trifluoperazime blocks K+-induced
Ca**'influx in TSH cells.

'As cautioned by Sturton and Btindley’(i977), drugs subh as
chlorpronazineliyteract ¥ith acidic pbospholipidé andvtberefore,'
any enzyme involved vwith these lipids are potential target
sites, and any effects may depend on'vhiéh enzyie is rate
limiting and this may vary with tissue and physiologicai

1]

conditions.

4SC3 efflux and db-cANP
Preliminary washing out of 43Ca loaded RPD's showed that

there vas a very large (>S50%) amount of *3Ca that was lost in

the first ten eminutes of vashing, most of this presuaably

extracellularly bound. Moriarity (1980) repbrted kinetic

analysis to suggest three Cat* compartaents in rat anterior
, « )
pituitary slices. The fastest of these was bound in the

7exf?§cellular matrix. The second compartment vas intracellular-

and the third, characteristic of aitochomdria or microsomes. In
the present study, soaking the tissues for five minutes ih
EGTA-Ca buffer (Maromason et al., 1979) seeamed to remove most of
the superficially bound Ca++, although Qhe ragid loss betveen

two and six minutes shoved that there was still some easily
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repoved *5Ca presemt. (Pig. 9)

Yancey et g;; (1§890 report that antimonate depositions
examined by EN show that mb-cABP caused lower iitochoqdrial
calcius levels after 30 minutes., But such studies-cannot'ansue:
‘whether this is a direct or indireétleffect of -b-g:nkfand
wvhether this is an inhibition of l%tochondcial uptake or
stisunlated efflux.,

However, studies using masmalian liver, mamwmalian kidney or
fly salivary gland tissue all sbog that cAMP causes proarpt
efflux of Ca** (Rasmussen, 1981).Xﬁg nade the point thaf a small
:efflux of Ca+* from either the mitochondria or the endopl;saic
reticulum would cause cytosolic levels to rise and that a rise
in cytosolic Cat++ conceﬁttation per se increased an influx of
calﬁiun ;nto some cells. That this "Ca++ trigger™ mechanisa of
elevatinj cytosolic ionized levels 1is necessary for prolactin
release would conttaéict several recent studies tkat bhave showvan
that while extracellular Cat*+ 1is necéssary for rglease, a lirgé
Ca** influx need not occur (Moriarty and Leuschen, 1981; Eto et
gig,’197u; Milligan and Kraicer, 1979; Gérshenqorn, 1981).

Using a calciunm containing buffer for éfflux yashing as I
have done does not indicate wvhether db-'camp causesvefflﬁx‘
independéntly of am influx. The *3Ca efflux response could be

calcium displaced, by a large cold influox. Iaflux studies {see

o

Influx Section) show that there is at least some cadcium

accumulation associated with db-cAMP.
, e
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’B. General Discussioa

Using radioisotopes, I find little evideace of
stimulus-secretion cquéling in teleost ptolacgln cells at
physiological concentrations of ionized calcius in the mediﬁl.A
However this does not discount a role for calcium in prolactiq 
secretion. As Triggie (1980) pointed out, there is a practical
division of calcium affects betveén meabrane related and
intfacellular. iatrace;lular affects might involve a regulatory
protein such as a kinase or calnodulin,?possiblylregulating
cyclic nucleotide metabolissa. Henbrane,calciui might regulate
suchﬁthings as membrane charge, neubrane‘fluidi£y, and
rodulation of ion channels and pumps. N

- There is considerable evidence, both H;Ei%natical and
‘iﬁgéxperilental, that there is a distinct "domain" for calciun
'.influx that is limited Fo the® immediate proximity of the plasma
‘;elbraner(see Matthews, 1979). Thus an influx of éalciun Can
effectively elevate cytoéolic levels near the nembrane, and as
calciuns diffuses further into the cytoplasa, it isurapidly
séﬁuestered. This restricted "domain® is even more sigmificant

—_

when the calciulvsource is transient, such as the discrete
. ‘ 1
spikes of electrical activity of prolactia cells.
This rapid atteauation by the cytoplasm of a calcium sigaal

becomes even more cosplicated for polar cells (see Rasmussen,

1979) such as secretory cells that are stimulated at one end and
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sécrete'ai the other. As discnssed ‘earlier Lsee Inttoductxon)
prolact1n cells seem to be dlstlnctly polar. | ‘
Vari as possible mechanisms have beemn suggested for
preventing lcium signal loss, aloﬁg;fhese is c@lciklf"canéls"
or passages in the cell relatively free of seqﬁesterigg
processesl(ﬂatthevs, 19?9) qé possgéiy a usecond\lessenqer“ such
as Na® or Ql"that cause release of calcium fros an |
intracellular ééurce [see BaSluSsei, 1979). Nevertheless, using
=,
a simple version of stilulus-secretion coupling, it would be )
difficult to elevate cytosolic calciua.
On the other hand there is evide;ce that calcium
interécfion does occur at the membrane level in sﬁimﬁlated and
secreting prolac;in cells (see preceeding antimonate h
discussion). It has been pfoposed that calciun‘nay diminish the
electrostatic repulsion betveen plasma lépbfé;g and secfétory

granﬁle membrane (Dean, 1975), -and thisvassociatiénlofrcalcinn

~

and Eecretory granulés Close to the plassma neibrane has been
reported (Schechter, 1976; Cramer et g;.; 1978) . However

granules fros stimulated prolactin cells are reported to have

dramatically reduced levels of membrane calciua (Leuschen et
al., 1981). This granule meabrane effect may be related té the
reports of receptors for regulating factors on proiactin. )
granules (Dular asd La Bella, 1977; Hq&sél g£ gl,, 1981). Thus,
the interactions between chlorpromazine and mesbrane lipids (see

chlorpromazine - Discussion) conld be mimicking physxologxcal

events in prolactin secretion rather than Lnteractlng thh
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intracellulat,conbogents”of celluplar activation that .are.

regulated by calciuns.
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P. Conclusioa ' o

Flux siudies. such as this. present one,'ace only one aspect
of the role of calcius in cell activatioa and cannot prov1d; a-
complete picture since they are complicated by calcium pools,
tnrnovei.rates-and respOnse times. Unt11 conprehens1ve studies
allow the. 1ntersect10n of several 'lénes' of evidence at the )
same time, fhese'copplex coordinated calciui responses viiloqot '

be limnked satisfacto:ily‘ For exasple, im response to drugs -

and/or natural regulators, frolactin cells could be examined by -

&
EN and antxlonate procednres to identify calcium fpools, *3Ca and

fluorescent probes can be used to estx‘gte turn ever of calcium .

in these pools, and electrophysiology and membrane probes can be

3
4

~used to examine membrane electrical activity, -~ = -

In sunlary,‘I have shown that aitﬁnugt*proiacttn*cetfs -are - - -
sen51t1ve;§o extracellular calcxu-, stxlulus secretlon couplxng
doesvnot'necessarxly operate in teleost prolactln cells, at
least in a direct manner. I have shoin'that“5Ca;accuhulation is
not necessarily related to increased secretion and that |
increased secretion does not necessarily require a calcium

¢
influx. Althoujh this latter effect is due to

o

"non-physiological"™ chlorpromazine, it does emphasize the

importance of membrane events cn prolactin release.
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\\\ APPENDIX

Puqk's~Saling‘A E ' -
\ KC1l 0.40 "~ g/L
NaCl 8.00 - g/L
laﬂCO%vO.JS -~ g/L
Glﬂcose 1.00 g/L
7\\ ‘ ;Léndl'rede;OOS g/L

e

" Acid Electrophoresis Gel
a Solutidnl1:
N 43.2% (v/¥) glacial acetic acid

AN " and 4% (w/¥v) TEHED : I

(I,H,l',H'-tetranethy1~ethylenegiamine)

N Solution 2: ’
28.0% (w/v) acrylamide and 0.735%
(n/i)\n,!-nethylene-ﬁis
Solutioﬁ 3§ S ' ' \\
710 N urEaryj C ' - K
1 part solution{1 : 3 parts solution 2 : & :
parts solution threew' |
gels polymerized vitp 200 pl of riboflavin
o | phoéphate (0.16% w/v). ’
Saaple Buffer -
‘- 0.9 N acetic acid ' -

5.0 M urea
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