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o C.PREFACE ..

. The work presented in th1s thesls was. performed

%}fromeanuarY 1977 to July 1979 during twelve months of 3 =

‘fgffwhlch 1t was a full tlme commltment - a situatlon made S

xp0551b1e by a generouo grant from the Natlonal Kldney

’1 motlvatlonc

‘ :to develop an 1nterest ln prolactzn was as a result of

'Enyfstudles performed by Dr J. W Dobble, Senior Lecturer

~»‘A;1n Medlcine, W1th1n the Unlversity Department of ‘

‘ifM9d1c1ne in the Royal Infirmary.
o In the course of an ultrastructural reconstructlon
L of the fish glomeru]us, Dr. Dobble observed a

alfjphenomenon, 1n young ralnbow trout and smolting salmon,

w”«:ffwhlch he termed ”occlusxve glomerular hyperplasia"

ﬁjcc;(Dobble, Moss%and Kennedy, 1977)

of the glomerull showed hypercellularlty involv1ng -

; ;Acndothe1ia1 mesanglal and epithelial cells Wthh

'*Tfresulte& 1n occlusmon ef caplllary and urinary spaces

“,(F1g. 1) These changes were not”apparent 1n fresh :

":7water flsh (Flg. 2) ‘ In many spec1es thls process of

'r'fsmoltlng is controlled by prolactmn (Lam, 1972) and-.

’Fjﬂ. Dr. Dobble concluded that 1n these creatures smoltlng _

i;7involved a. state of rever51ble glomerular cellularlty,

k‘b_jthe 1n5t1gat1ng hormane belng prolactiu. ‘”a~::7 ,}fwﬁh_;ﬂw

“In theqe flsh 40«50%{ﬁ%ki5ﬁ?




| Since proliferative glomerulonephrltls 13
one of the most potent causes of 1rrever51ble renal |
~failure in man, it was w1th 1ntereet that Dr. Dnbble_;igf;j'“
-noted the con51derable similarlty 1n morpholog1ca1  '7 ;
appeeranre of glomeru11 in salt water fleh and those of
~patients with severe proliferatlve glomerulonephritls ‘
'(Flg. 3). It was temptxng to speculate that prolactin 3
might have some. relevance in, the control of cellular N
constltuents in the human glomerulus." | - )
. Concurrent with these studles, an adolescent girl |

was admltted to the Renal Unlt cf the Royal Infzrmary

(Fig. 4) with rapldly progre531ve, crescentlc glomerulo—~f
nephritis, Renal blopey revealed that 100% of
"glomeruli were severely affected w1th crescent formatlon -
diagnostic of "1rrevers¢b1e" renal damage.. The child .,
was initially treated by 1ntermittent per1tonea1 dlalysis
but as expected her kldneys showed no 81gn of recovery,
‘she was anuric and uraemic.}ﬂ Actlve therapy was “dis- jif;
continued but she was glven chlorpromazine therapy

as a sedative to ensure~her comfort. ~However, thie*z;
drug caused considerable enlargement and " engorgement of

her breasts and the g1rl began to- 1actate. : Some daYS _
thereafter, the patient began“to~pass.ur;ne,spontaneous}y,:

" her blood urea fell and her*geneﬁai>¢6341f19n,improvedéf-1‘
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| 7‘The forfuitoué pfeéeﬁtétion-of this'patient‘atfd¥f.1;3ﬁ'9
7:Lt1me when the morphologlcal aspects of smolting were o

‘{A first descrlbed suggested that it might be of .

fipractical 1mportance to attempt to deflne prolactin
'"“1status in, human ranal disease.ﬂ7 - ,
Thus, this th951s describes the setting up and
'fivalidation of a radioimmunoassay for human prolactin
 -f;and its appllcatmon in the assessment of prolactin
:f’status in normal individuals and in patients with _
' :jdiverse pathological conditions.‘ Particular experience ?25-w£.
’—and expertise has been accumulated in the diagncsis and -
'ﬁf.treatment of prolactin 5ecreting tumourq of ‘the pituitary
fgland and in the relatlonship between serum prolactin -

~:1evels and renal d1sease in man.
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L SUMMARY
o Human prolactsn was Laglated in 1970 and
‘thereafter o@ﬂoiilV&, speclf1c r;dloxmmunoassays were .
develuped for its measurement.: This has enabled |
5pwcgress in understandxng some of. the faators whlch
control serum prolact1n conrentratlons»1n man, prev1ously
hunrecognised pralactin sccreting pltuitary tumours may be -
‘*wdlagnosed and the concept of a nonwlactogenic role for '

;human prolactin has em rged.“ ’

e In . this thesisg ? apter 1 preaonts a revieu of
*¢aleuted aapects of human prolagtin pathophysiology.
:’It is divided into sectiﬂns and begins: w1th an account L B

ef the GV1dencc for the ‘separate oxiaienca ‘of human
”prolact1n and a descrlptwon of its isolation. ~ The

 f?1actotrnph is described . and there fo]lows a detailed
5,conszderatxon of the physieloglcal control of prolactin
- secretion. "aelected clinical aspects of prolactln S

_5e§rétion areﬁd;scussed*tngther<with examples ofithela ‘!_5{i{;f
“various ;nvéétigativéfappfcéches'used to idéﬁtify‘a } B
 fnon~1ﬁato§enic rgie for'ﬁumanvproléctih. . The chapter
réends with a statement af the aims of the thesis.

" Chapter II commences with a dlscussion of the

'Ef ,severa1 technxques available ior the measurement of

h?gprolactin concentration and: 1nc1udes an outline of the




| a.prxnciple of radioimmunoassay. A descrlptlon of the
pralactin radieimmunoassay used in the present 5tudles

‘follows. and includes a’ comparison of. ava11able reagents,

=T;details of the separation technlque and method of

: calcularxon and, analysis of results. Data on the

A $WerifiP1ty, acruracy of recovery and’ prec151on of the

assay are provided tOgether.with a description of Serumf ;faﬁ,

effects, parallelmsm studles and quality control data. .
The chapter concludes with a discussion of the. advantages.i;.f
in the assay system adapted.'  B L
Chapter III descrzbeq a study to assess the ‘
'1mportance of qome ‘factors which relate to 5nterpretationi
- of- prolactln status in health and dloeﬁse. Detailed .
refarence ranges of basal prolactin Jeve1¢ WG?@ determined '
in 921 9uh1ects in defined -groups, 1nc1udinp normal |
children, adults, pregnant females, patients on medication
known to affect prolactin statusy including the’ oral B |
- contraceptive and patients with a varlaty of pathological
nondltions‘- ~Assessment of- the incidence of stress

inducaﬂ hyporprolactinaamia was made’ tngether with a

measure of intra and inter dxam varxation in circulating i

prclactin levels. Prolactin vesponse to deflned »
stimulation and suppression tests was determined both in.  ,

:males and femalegvand :f_‘:mally5 baued on this data, a
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L strategy to facilitate the 1aboratory assessment of ..

prolactin status is presented,-
A brief historical revmew of the "amenorrhoeam

galactorrhoea" syndxome beg1ns Chapter IV and there

follows an account 'f 32 consecutivo patients presentlng w1th

' unexplained, uymptomatic hyperprolactinaemia.1: Rad1010g1ca3

abnormalities of the pitultary ﬁossa suggested the presence
of prolactinomas in 328 of thesc indlviduals but impaired

prolactln response« to:ximulation and lass of “the normal s

’ sleep peak of prolactin secretion were rellable indlces

cf tumaur, even when radielogy was normal. » Trans~

'  sphenoidal microhypophysectomy proved effective, selectmve

and safe therapy for pat¢ents W1th prolactinomas.

' Twenty five per ‘cent of subjects had neither oo
biochemical nor radiologlcnl evidence of prolactln secreting
tumour ‘and these haVé“beon defmned "functional" hyper— -
prolactinaemia. . The clinical biochemical and radiolo?ical

features of thls group -are described togather with their.

'response~tq,brqmcgrlpgina therapy;,and.poss1ble'undﬁrlying
’“diagnoses in the g?bﬁp’ére consideréﬁ. The : chapter

- concludes Wlth a discusamon of the usafulness of

!

dynamlc tests of prolactln secretlon in the dlagnosis

T

of radlologically occult micreadenomas and - 1n the provxsion‘
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- of an obJectxve criterion for the comparison of patientsi 4*
ftreated in dlfferent ways. F1na]1y, a strategy, based ];;
“on this study, 1s ‘described for'the elucidation of

unQXplain@d hyperprolactinaem:a. _

Signiflcantly alevqted prolactin levels also. occur

in patiants with renal disease and Chapter V deals w1th .

a survey of 357 patientq with renal disease of Vaii&ble

‘hseverlty and pathology,w The prevalence of hyperprolactmnaemia '
,was%determiﬁed.aﬁd the relationship between‘hyperprolactlnaemla

-:and underlylnp pathology. craatinine concentration, duratlon»

of uraem1a and drug therapy was- exam1ned. The arterios

venous concentration difference of prolactin across the -

normal kidney was measured. It was: concluded that .

hyperprolactlnaemia not attributable to drug therapy, occurred

cnmmonly in renal fawlure but not renal patho]ogy per se.

The ra}ationship betw@en prolactin and creatinlne, reversion

of prolactin levels towards ncrmal after successful

"'transplantation and artariovenous concentration dafference

of prolactxn across the normal kidney suggeqted that )

hyperprolaetinaemxa 1n uraem1a may be accounted for, in-

T“”part, by altered ronal matabolism.

j Deranged hyputhalam1c pituitary functlon in uraemia

'was not excluded in the survey of prolactln nnd renal

‘disease, Chapter VI therefore deals with this aspect and- 




Cxbid.

,bégiﬁ%@with a gﬁﬁ@%&i raview aﬁ endooring sﬁatﬁs in

.ﬁura@mi#*f' Th@fﬁﬁx»&?fituﬁ &ﬁuﬁim& arﬁ é@gﬁribmd Ei) Eﬁ

dﬂtmrmime avaraii hasai aya@thaxamiu pitnit&ry aﬁ&tus in
 2$1 @atieats with pregreaaivg uraﬁmia nnd - after renal
ftwaﬁsplaatanian (ii} tn donfine x&%ymﬂs@s nf smveral o
an%%riﬁr pituit@rr hﬁrmﬁﬁ%* t@ ﬁgimulatian anﬁ 5uppr¢ss§@m ‘
in 29 matnt&nnnca Haamméiaiy is ygtiéngm'amﬂ in 6 paai@nts
snftar 5ncea$$fu1 rwna& ?ransr%antaﬁian. Hviéaara is -
:‘pwmvié¢ﬁ b@th of ﬁ;patha%ami@ and piﬁgitéry ﬁyafnnvtian iﬂ ?1
”uwaemia, net anal&@rat@d by dialysis but reversed by ‘
5m¢aaw$fn1 ronal transmlantat?anu 1t is woncludeﬁ mhat
7ﬂﬁﬁﬂfriﬂﬁ dy%func?ian anﬁ hypvrprniactinaemia jn .
| pavﬁiemlax,may be u&nsitivw indicos of non urea and
ﬁcraaminina rﬂla@sé.ura@mia t@xigiay* ) )
ﬁirgulazﬂmy prnl&vnia, liha ﬂther ﬁeptzde harmonaa,.~w
,*'agrnra nanurally in- 5mvera1 ﬁﬁrmsﬁ which ¢ though 1mmuno~
@*ically imdi%zingniskable arn separshlie on the haﬁiﬁ
tof siza. Chapter VII deﬁmribaq 8 sruﬁy o idantify in |

urammiu 5@?&, c@mparaé tﬁ pregnancy or prgaastiuoma sora

or pituitary axtracns, aa?i

vhangen in naiacular hetero=

| Ag&n&ity as B raﬁult nf a“tmfaﬁ r@nai ma#abaliam mf

“Nprakacnin. : ﬁnly one p ak ﬁf innuaareaetéva yralaatin,
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simiiar to. mﬂnamaric ‘ﬂl&ttlng was seen in uraemi¢

&ra with na &v&ﬁemga of aggregate oy fraﬁmamt farmatiam;
(2Thls unenpﬂcted(xiﬁdéng ?FQV%@Q additional éata te |

suggest thaa hyp@rprﬁlmatina@m a in urn@mia m“y be af

bialﬁgiaai sﬁgnxficanca. T |

?ha thesis canclﬁdms (Lhapg@r VILE) wmth an

q»ﬁessmana of the. s&udiaa dcqur¢hgd and discus sad 1nih

'Kaarlier Lhapteﬁs and: patantially graﬁuativa &rcas o

ﬁor.ﬁugure stuéyna?@ cmmgidargﬁ.

e,

.




" CHAPTER 1_

 INTRODUCTTION- AND HISTORICAL REVIEW

2f'1 (1) Introductionf, .

Although 1t had been establlshed in 1he late

‘_:Algzos fhat the anterlor pltUltarY contaln@d some agent

“wh:ch stlmulated mllk secretion in the develmped

';;?mammdry Lland Rldd]e, Bates and Dykshorn (1933] f1rot

: {Tused the term prolactin to describe the dlstlnct

?;:anterlor pltu1tary hormone which stimulated crop

‘;2i“milk" productlon when 1nJected into pigeons or rmng
‘f{doves._ Ovine prclactln was isolated and purified by‘
f21937 (ﬁhlte, Catchpole and Long, 1937)  and in- spec1es 

other than prlmates little difficulty was- encountered ,

';3.:in 1&0nti£y1np distlnct lactogenlc hormoneq 1n

:fepitthary extracts by the use of appropriate bioasgays
. (Nlcoll t967,,?rantz and Kleinberg, 1970).

Phylogenetlcally prolactln is probably the oldest :

" of- the p1tuitary polypeptide harmones and it serves a

a“wide dlversnty of function in primitive vartebrates -
’jcver ezghty phybiologlcal actionq have been descrlbed

‘;;(Bern and NlcolL 1968 Nic011,1974) Mammotrophlc




and lactonenac actlvity oceur 1n many qyecies 8
” inc1ad1nb teleost £ish and in thase crmatures, pru!actin
is alaa o major esmora?ulatary harmcne enahl;np survivnl
,in both salt and frash water anvlranments. n 1owar o
Lvartabratea pralaetin is @ grnwth and developmant i

- factor; it may contrnl«atercjdogrnesms,“fat dapcsitmnn, 
:’nrvthrayniesi% and in- many birds it has impartant R
behqviaural efﬁects. /

1 (2) Bvidence for the baﬁarute existonce of
human prolactin (- FRL}

| Eﬂtii the eariy 1970s there was cunsiﬂerabla

daubt whether the human pxtuatary secreted a separate

_prelactan malecule (Sharwmod ﬂ?l) suppnsed prowrh:

harmone or prolactxn yraparationb from prxmate pitultary

; cxtracts invariahly praduc&d pasit1VQ reqponaes in both

grnwth prumating nnd lactnyenic hxnasqnys. § Although

the ratios of arawth hormone to. grolactzn autivity

varied cnnaidardbly dn different praparatlnns, neverthelasa

%‘the view omoryad that in man wrowth and xactation were

vnntrﬂllad by a 5ingla hormong (Bewlwy and Li +1970) .-
However, cnuﬂiderablﬁ ciinmcal qné exparimuntal

datn were availabia»ta.guggast that thls view wAS

erronenis., (1) Feﬁ aﬁ&em egalic patients thh elevated “:

growth hormone (Fu) lavals devalepad galactorrhoea and -

convarsaly in physiolog;cal and pathalagiaalvlagtatinn,’{?if

it was rare to detect GH by available ﬂechniq@és.




. 3.

:555(2) Inlelduals who had heredltary grawth hormone

”’frdeE1c1ency could lactate qutte normally (R1moin et. al.,

'6k1968) (3). xtracts of a pltuibary ‘tumour from a

patient w1uh ga]actorrhoaa had con31dcrable lactegenic
'»act1v1ty buc nglgrowhh promotlngcht;v;tyﬂ(Peake et gi.;

°1969) . '(4).In'§p§t‘parﬁum 1acé§ﬁing fama1és; lactogenic

‘activity in'plaémé;céuid_ndtvbaﬁnéutralised with anti

h GH serum,wheféa§3 laétogqnié.acti#ity'in~p1a5ﬁé‘from
A‘acrbmegalic:patiéﬁts wag'néutralised:(ﬁrantz and Kleinberg, -

- 1970). (Sjﬁiégﬁigig-gtuéieé with ﬁumﬁﬁ4pituiﬁar& tissue

culture demonStraiéd'that the. secretion~of GH decreaséd :

:j w1th ‘time but socretion of PRL, as measured by bJoassay,

ﬁ.‘increased w1th time (Pasteels,1972) These clinical

'w'ﬁand experimental observatlon% wexe 1ncompat1ble with the

*57?iﬁauggestlona that h GH an& h PRL were one. and the same

f;ihormnno.

’5i¥j (5) Idélatxon of human prolactln |
"K In 1970 and 1971 respegtmvely, human and monkcy S
lﬁffprolactin (m PRL) were 1solated and cloarly differantlated ;‘.
”'from growth hormone (Trlesen, Guyda and Hardy, 1970, |
' Guyda Hwang and Fr1esen, 1971, Frloqen and Guyda, 1971)
B ThlS followed the recognition, 1n1tia11y in immunofluorescence"
kfstudies (Herbert and Hayaqhxda, 1970), that although h- GH

and h PRL are similar in physical, chemlcal and b1010gica1




L?propertieo, 1n 1ts 1mmunologica1 prﬂpertiea h PRL 15
fffrelated to 0 PRL rather than to. h GH Hence althOugh
‘gifantasora to h G or human placental lactogen G PL) do

fnet 1oca11ae 1n prolactxn secreting cells of the human

u;pitultary, antidcrum to o PRL dnes localtse in these

,ijcells., The contrabutﬁon af Frlosen and his group in
{fithia field has been summarﬁqed (rrlesen and Hwang, 1973)
'1 PiLuitdry tissue fragments from both human and

« monkcy sources were 1ncubated 1n the presence of 3H
;flabetled TGucino.f Gel filtration ¢f the protcmns

' -r@leased 1ﬁto rhe 1ncubat10n med1um showed a ainwle pcak

‘f;of radiaactave materxal which cross reacted with antiserum;

,ito o PRL but not dﬂtlserum to h PL or h GH Specmflc

{Lanﬂlbodia@ ta h PL were then coupiad to %ephdrose and

‘fthls 1mmunoadsorbent wa% used to remove ajl GH lrom the
H‘Pltultary fract;ons with retentmon of fu]l PRL activmty.¥l
fﬁThus prlmate prolqctln was separatcd from gTOWih hormone.

LA method more buxted Lo the 1argar scale purixicatlon'

Joi prolnctln was 1ater de%crlbed (Hwang, Guyda and
iipmesen, 197z) P o |
\ Also jn 1971 using polyauxyldm%da gel electxo~’

*';phor931s at alkallne pH, a ‘aistinct band just behind GH @lﬁf3

'“fwa& 1501ated from a homogenate of pltumtary abbalned framg?gpﬁfﬂ

ﬁvi>a tcmale who died durlng pregnancy (LGWla et al., 1971)




"”lOMZOQ Of the pro]acfin activmty of the best o PRL-
 :f standards.. ()) h GH constitutes 5-10% of the dry

‘~TThis”béﬁd 1dent1fied as PRL, proved identical to
.Frmasen's matnrial

Immunisatlon of rabbits with these prolactln rich
;preparatlons yie]ded specmf:c antlsera and thus sensxt:vew‘1 

; homol0goua rad:eimmunoaesays for humﬁn prOLactln were

es*ablxshed (Hwang, Guyda ‘and Friesen, 1971, $inha et al.,‘g?A%

1973)
In rotroapoct 1t is clear that two major factors |

;fcontrihufad to the dmfficuliy in iaalatlnp h PRL.

"»(]) The consxderable physical, chemical and biological
;similarity betwaen h CH and h PRL - indeed h PH has

{tweightfof pjiuitdry powder while thp h PRL content is o
,?o OSnO 1% i e, GH 19 preuent in a one hundr@d fold
‘g;ggraater amount. o | B
‘ . Only 1n 1)77 was the en11re linear amino acid
'sequence of h PRL reported (Shome and Par]ow, 1977,
irFLg._SJ The hormone,'molecular we1¢ht 21 500 was
fcompésnd of 198 am1no acids with six half cystlnc
‘:resxdues. ' Extan31ve homalogy with p PRL (77%)
}?o PRL (7 %)~r BRp (60a) was cqnflrmed and cqntrastad
~,}w1th'0:1y 16» ‘homology between h PRL and hGH, and 13%
'ftbetween h PRL gﬂ@Lh_?L; |




1) Sbﬁréé of ﬁumanvpfolactin

’ Human prolact1n is secreted by the anLerior

.? pitultary. It had been known for many years that
fthe pltultary enlarged during normal pregnaucy as a

'“nresulb of 1ncrease 1n thc number and :1ze of "pregnanéy

5:cells" (Hrdhelm and Stumme,lQOQ) and in 1961 it wns'

ffpnstulated that these pregndncy cells secreted prclactln

‘ (Purves,lgﬁlj ; Thls has been conflrmed by immunofiuorescentr
‘studles and lt is now Lloar that prolactln secrating ceils
'occur ‘not only 1n pregnancy, when they cothL1ute up to

50% of all acidophlls (Goluboff and B?TID, 1969), but
-‘also in non pr@gnant females and maleq Thc cells aré
: vasxble on light mlcroacepy by opccmal sraln1ng technlques

‘{Herlant and Pastoel%.1967) and on alectron microscopy ‘
-‘thelr rharacteristac Ieatur@a include the preseuce of

:wall developad endoplasmlc reticulum and large pleomorph1c‘
-_%ecretory granulns (Fawcctt Long and Joneb, 1969)
" The prolactxn content of a normal pltu1tary ﬁtand,»i'? 7
 has been varlably rcported as botwoan 100~ 500 uu h PRL .-fbﬁ
‘Qper aland (Frlesen and McNellly, 1977) and as~such was

,: 1n1uially the sole aource of h PRL for nursficatlon.

o However, the obqervatlon that 1n ear]y pregnancy prolactzn

congentratlona in amnlotlc fluid were greatly in excess Jf:-‘
of those in. either maternal or foetaltserum (Tyson et al., -

1972, Cléments~g§‘§;,; 1977) caused speculation that its




' 5brigin might be foetal (Fang and Kim, 197*) maternal
ﬁ ~ (Schenker, Benwnavid and, ?olashuk, 197%) ur placental

‘(Frxes¢n et al., 1972h} 4 Thi% speculation remains

unrasolvad qlthourh the observation has bean unanimnualyi?f" “

',confirmed and amniotic fluid naw providas a putent sonrac :*

"~faf h PRL which is chemicaily and immunoloyically
"iindiatinguzshablu frem human pituitary pralactin
'(Frieq&n et al., 1ﬁ73h} Indmad antisara raisad te
extracts of amnictic fluid hava formed the bnﬁis of
Lradicimmunoassays Eer h PRL (Lple ané Boyns, 1973).

1 (d) Physiological control of prolactxn secratinn

Goncepts of the phy%1nlngiaal contral of prolactin ’. i
_qecretxon in man are principally derivad frem @xperiment31 ?f
studes in animals (Tindal, 1974, Tindal, 2978, o
' vg Both in vivo animal %tudics and 1n vatro tissus _uq 
culture data demonstrata that prolactin, unlike othar  { 
‘ ankerior mituitary hormunes,‘is under inhibitery control 3
 from the hyaothalamub (%eites and Flemans, 1972, Paﬁtaals ;
i1973), Tne cell mumbrana of the lactotroph is thought

to be ma:ntained in a state nf hyperpolarisatlan by tha

,Spacxfic int@raction of. a prolactin mnhibitxng factor
l'(PIF) with its receptor on the pituieyta. ) The eell
is therehy Ampermeable to Cas+ ions requirmd fﬁr o

: deﬁolarisatiun and reiease af hormon¢ granulas. Thus




;Q'rmlnals abut diractly on. the porual capillary bed,

\f‘suggesting that DA mlght be released dlrectly into

repmrted thatw niections of DA into pertal caplllarles

;Afailed to 1ower PRL”levels (Kamberi, Mlcal and Porter,
1971) . In ‘a furth r study, however, half a millxon

ffplg hypothalam; were extracted and the fractlon w1th

o greatest PIP actmvxty was not only aevaid of polypeptlde

>]but was rlch in catecholamines, dopamlne 1n particular.

't:is preparation Wwas . dissolved in freshly

TFurther, wha*

% glucusc solution to protect;i7 Erom ex1dation,

1‘{1*1; dld:ihdeed inhibit PRL secretlenlqhen(infus&d 1nto

“ ';z:pituuary portal vessels (Schally et al., 1974, Takahara,

}Azlmura and uchally 1974). ; Thus it st speculated that

”5ear1y fallure

it fdemonstrate such an effect may hava

’rbeen due to: oxidat10n>and inactlvation of dopamlne.

&Shaar and Cla% s (197d) have conﬁirmed the above

kresults usmng hypothalamlc extxacts from the rat aﬂd in

(taddltlon, by measuring PIF act1v1ty and catecholamine




iijrlesen and Folkers;m

"Ajcontent of both untreated hypothalamlc extracts and

‘"Du1i£1od" ractlons, they have coucludad that the

7‘ﬁ.PTOlaCtln 1nh¢bitlng aLlexty ot the hyPothalamus can e

;bo totdlly accmunted Eor by its’ catecholdmlné Lontent.

Thus Lhero is now conv;ncxng ev1dence that PIF 15

o :dopamlnc ltself' tnat iu or1g1na1as 1n granulgs 1n

iterminals of neuronea which abut dlrectly onto, and
E ﬁdischarg0 1nto, portdl blood vessels.if : | "
| The control QL prolactln secretlon in blrds is
”;tha oppos&to of that in mammals, that is. the brain
‘¥{£aa111tates piclactln releabe (Méitéé at al., 1972)
zj;Uence At Wd% of 1nterest khat 1n mammals thyrotrophln.

_Trelea91ng hormnne (TRH) ruleased PRL as we]l as:ﬁ"

‘“‘ﬁzythyrotrophxn (TSH) in Vlvo and 1n V1tra (Bowers et a].,_liﬁﬁ'i:

'lTﬂlg?l, Tabhjlan, Barowsky and Jensen, 1971) 1here g

"“¥;has subaequently been qperulatzan that TRH may be a

*lﬂphy51olog1cal control me"hanism for PRL release (Bowers, '

', suck11ng, a potent stimulus for PRL releabe falls to’

; ire1easé TSH (Gautvmk et al.,'1974) and there is no . feed~‘=?7f'

nj’back etiect oi thyroid hormoneb on PRL rdbase by TRH

f[(L'Hermlte et al., 1974), in man, the action of TRH on

EJPRL secretlon may be of. pharmacolog1ca1 51gniflcance only;:i”-5

’fﬂNevextheless, there have been reports of a PRF distlnct '

5’5A:om TRH (Valverde-R, Chleffo and Relchlln, 1972 Dulaz

D

.gggﬁﬂai., 19/4) although the identity and physiological

1973) t However, since pabt par*um T




10,7

sxgnlflcance of this factor remain speculatlvea

S8ince in the- rat a mlnor stress such as ether ;
aﬁaestheaia%causes a rapiﬂ Qut relatiyqu qmall release :
of prolactin, while 9ﬁékliﬁ?:feéu1tF in:a'sllghtly
delayed much larger release; two- qeparate mechanisms ‘;'
may evoke PRL release (Terkel Blake and Sawyer, 1972,ﬂ
Blake and Sawyer, 1972) A specific PRF may . cause the |
relatively minor 1mmed1ate release 1nduced by stress,
while the delayed but much larger release trlggered by
suckllng may be due to a decrease of PIF activity. :

The neurotransmmtter serotonin has alqo been f- 
implicated in the physiological control of PRL Jecretlon f :
(Snythe, 1977). It fac111tatea releaec of PRL both :
in the rat (Lu and Meites, 1973) and in man (Kato et al.._ fr?'
1974) and in addition, blockade of 5~HT synthasis by o
parachlorophanylalanzne blocks tha release of prolactin

_in response to suckllng, the effect being avercome by
admlnlstratlon of S5<HT- (Korden et al., 1975/1974) ' The
physlalogical 51gnlf1cance of this mechanism once again :
is not clear but theoretically at 1east serotonin may
affect PRL secretion. elther dlrectly, by inductlon of a

‘PRF or by depletion of PIF at hypothalamic level, the

latter alternative being most 11kely.;f\991naps a serotonin f; 

secreting neurone may prOV1de the "11nk" between those :
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cells dlrectly involvod in PRF Qr PIF synthesxs and
pathwayu leading to Lhe hxgher cautres involved in the
control of prolactln secraczon. | | |
" The central connectlons of those‘neuronesvihvolved' »
‘in the contrbl'bf PRL"secretion,aré imperfecti} undersﬁobdif;‘"

and much available Lnfurmaxian is dcrtved £rom. electro~

phyazologigal Suudlcﬂ and assessm@ut of plnultary function %f:
tollow1ng chemlcal 1mp1ants, such as oestrogen, in -
defined areas- ‘of the: hypothalamus (Tlndau 1978). ‘
ADetaxled auatom;cal studies. using speclfiu immunofluorescent:‘

tdins Ior 1nd;v1dual neurones, have expanded knowledge

esp&cxally on the relaulonshlp“between the arcuate and

‘perlventrlcular nuclei, median eminence and pltultary
‘stalk (Fuxe.lgﬁs) ‘

Neuroneb 1nv01vnd 1n the control o£ PRL secrefxon ' aﬁaw1

have thelr cell bodies in the arcudte and perlventricularf*g
1nuclei of the hypothalamus, the "hypophy51ctroph1c area":?
where they are in close phyhical contact w1th neurones
involved in the contrel of other 9ﬂter¢0r p;tultdry
hoTmones . baxrlyishort cytoplasmic extens;onsysweepf
down through thé mé&iéﬁ eminehbe to'abpt onto the porta1 ;f£
HCdptllaries as prev1ouo1y descrxbed. The hYPOthSiO“ |
>tr0phic area itself is conuectcd to v1rtua11y all the
Q,oiher magor braln cantres. - For example (1) the 1argest

1nput dtrect from the cerebral Lortex cones from thev
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hippocampus via the fornjx-syétem; énd a smallér pathway e

: derivep from the orbito frontal cortex v;a the claubtrum,'“hﬂ

ekternal capsule and pre- Optlc area of the hypothalamuq.;:“?

(2) The stria terminalis and sublentlcular y tems brlng‘:

fibres which originate in the olfactory and tempcral lobe{
areas and relay in the. amygdalold boéy.“' Also from fhe B

basal ganglia comes the ansa. 1enficular15 which carrles

T £ibrea from the globus pallidub Of the 1ent1form nucleu
(3) The large median forebrain bundle conducfs signal~
from the reticular activat1ng system in- the mld and, hind'ﬁ1fi;ﬁ”

brain and the :ma]ler dorsa] longitudinal fasciculus   ”'

- brings anut from the medla] thalamzc nuclel, v
: Some of these pathways tcrmin @ nn the Prb OPtiL JERIES

area of the hypothalamus rather than diravtly 1nto rhe

aruuate and perlventrieular nuclam and there;ore, it hasf
beon postu]ated that "Iink" neuranea may aonnect these ffj
two adjacent are 0as. ~One might speculate that thesa
mﬂy be serotonin secretxng neurenes.

Finally, in rats having 1ntact pitultary g]ands,

: and ectopic pltuitaries transplantad under the renal

capsule, PRL may exert a negatlve &oedback at hypothalamic”“"

level to inhibit furthar PRL release (Chen, M:naguch:

and M01t099 1967)
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In summary, the physiological control of prolactln
secretlon may be. visuallsed at two 1evels (1) the |
‘central connections of thoso neurones whlch are dlrect]y
,involved in the control of PRL secratlon.' These derlvei'ﬁm
from the cerabral cortex, basal ganglia, mid and hind |
braiﬁ (Fig. 6a), (2)'stimﬁli.prdpagatéd via any 6f’thesef
major central fdﬁtes must eéffect their influence via a
"final éommﬂh pathway", in which the major control upen .
PRL secretion is 1nhibitory (PIF) although there is )
evidence for the presence of one or more prolactln releaalngf
 ;factors (PRF) and other neuroiransmlrters, for example,
|  ser0tonin nay be lnvolved at some lavpl. Prclactln may

wexert nugatlve Leedhack uontrol over its own secret1on
(PL&. 6b). . | _'

It is clear then. that in vlvo, the W1dely dlfferlng
‘psychic, phys;cal, chemlcal and pharmac010g1ca1 st1mu11 |
( which have been observed to affect PRL status may do so =
by interaction at any of several 31fes. _ |

it is also apparent that close physical proximlty
- of key groupb of spec1f¢c hypophy31otroph1c neurones
within the arcuate nucleus and modian eminence must
facilitate chemical communlcatlon between rhem. , Therein
mmght lie a mechanism whereby events in one grpub 6£

trophic neurones may initiate either synergistic or
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r601procal chamfs in. cells dmr@ctly controlllng the
5ucrotion af difforcnt pitultary hormones. For example,
_such interartiun batween dopamlnargic neurones and Gn RH -
secreting neurane may be respons:ble for the fal]ure of ~ﬁf
 LH and PSH 1esponre to- Lhe clinical and biochemical

' hypogonadlam typlcal af hyperprolactinaem;c statgs.

*1 (6) Clin1cal avpects ef prolactln aocretion
o Wllh Lhe dovelopment of qenbtriV@ ra6501mmunoassay°,
ffor n PRL there has be&n progreas in understaadxng of the
,normal physxology of prolactzn aecretlon and of 1ts relevancé
in. clinigal pvactice (Neel et al., ]972 Guyda and’ Frlesen,f
:(;1973 Ehara et al.,11973, Noel, Suh and Frantz, 1974): ‘This
w111 be discussed in Chapter EIT. Furthermoro, kuowledge o£ the
control machanmsms 1nvolved in pro]actin se;ret:un has
clarified- many alterations in cmrcul&tiﬂg prnlaetmn 1eve]v ~
after such drugd_asvp—dopa (Kleinberg, Noel gnd Erantz, 1971)
' éntipsycﬁoﬁicvagentS*thld 19767 de Rivéra et al., 1976) methyl
‘._*'dopa (S%einer et al., 1976) and bromocrmprime (del Pozo: et al
T 1972). L |
Apprcciation of pathologlaal plolactin 39cretion has‘.
advanced con51derab1y sxnce rhe early recognltLon that nct
all patlenta who have elevaﬁed prolautin levels have - |
4-g11aatarrhoea (Frlesen et al., 197?b) and conversely, that

icancentratxons (Frantz, Klelnberg and Noalg 1972)
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nmfxuianvy of prmiaatin gither alone or in gnmhxnttiaﬁ )
~wiﬁh mthﬁr hﬁrmanes i@ rara (Tvrkimymam,l@?z. fﬂrisun,
x'iﬁricaman anﬁ he%ta za, 1@??) and in the aduiﬁ, Quam%
aasoeiar@ﬁ with ﬁaw if any i13 effacts.
e Hy can#ra tn ?athnlﬂgacai h;pmry&nlac?iaaamia is a
nucn mmre vummmn nbnermaiiry and nay have saay causss ‘
ITab!& 1) wrﬁ wmmv ive of its underlying a&tialagY~
-“hypmrprﬁiag?iﬂaamaa *ﬂ the famale in mﬁuaily assoviate
:with amanﬁrwhﬂmas inxartiiity and in about 30% of patianrsa- 7
-gulau?mrrhmﬁd {Jac ﬁhs er al. , i876).  Thus hyparyralacti&uamia  f
is pnrtiﬁularﬁy aﬁmmmn i iu’mrtilu H%?iﬁﬁ»& gPrﬁﬂkw ot ai.g
9?43 &@ﬁn of wﬁ&m day hava nralaﬂtin socroting tumﬂura of
Atha pituiﬁary (rraums %t al., 1@??) a diﬁﬁdsd from whieh |
It iﬂ hﬁrdly surpriqiny that inltial intorest and
rﬁqvﬁrch hu Lautfeﬁ aa nhwsu aspects of prolaciia zunuﬁian
an& malfumhﬁian ralatﬁﬁ fa lactation and reproduction. Itdr
ﬂis,‘nwwevur\ perhaps suryriaing ?ha& i 1979, tnar@ pniﬁi
fLOﬂﬁ;ﬁeraulm ﬁuvut& 0ﬁ tka subjﬁat oi an ayprapriate shrui@%y
‘for ;h@ lnv&anigatiau aﬁ patnnlﬁgzcal hyparpralaurinaewiﬁ?
.ignaramaa ef taa nﬁ%urﬂl hihtarv uf prolactin sucretiﬂﬁ '
tumourﬁ and nruut un;ﬁrtainty in vespect of the diagnosis »
_ and id&ai tran&ncnt; af inwaéd any is raquiraﬁ, for nhaau )
:Vaammaﬁeht af 4t1evituitary tumonrs {Haw Eangland Journal

“af E‘imiiui"w o 19 ?a)
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>?1 (7) Search fﬂr a non lactogenic rale for human prolactln ;

The recognlflon that circu]auing PRI ]belS are

{krlesbn 1973) Lﬁgether w1th Lhe observation that the

*adu]t mqie ha& PRL levels only slightly 1ower Lhan those of

“the adult=£emale (Guyda aud Frlcqen, 1973) has evoked

‘;consldarable xnterﬁat in the 1dent1x1catlon of a non-

ilautogcnic ;unction for PRL ‘in the human, partlcularly in o

vnew of the wjde leOTSJtY of physxological function served
by PRL 4n iho animal kingdom. ‘

fl (7)(3) Bwogencus administratlon of prolactln

Determlnation or the effectw of exogenously adm1n1steredﬂfﬁf]

a‘ipr01acfjn 13 a thocretlcajly attractive approach for- the
"clucldatlan of xas physzojoglca] functlons. However,
_prnctucal problems assoclated with such studies abound, in
‘1he Iorm o£ QlelabllLtY, purity, dosage and apcrif1c1ty of

puit able preparatlons for admlnlstrdtlon. “In the case of

,h:PR. %varcity of suxtable prolactin pr@parationc is perhdps -

the greatost of thede.: Nevertheless, two interesting

Pt observations have bcen made follﬂwing admin1stration of

ov*ne prolact:n to human subjocts.
In 1971 it was reparted ihat 1ntramuscu]ar ovine

Jpralactln whon glvon LO Ilve healthy adulf males resulted

: ’féfxn decreaaed urinary excretlon of od;um, potasa:um, and

ﬁ._'conslderably hlgher than those of any other pltuitary hormone)f“




1(1974) damonstrated a s&gnxflcant 1ncr&ase iﬁ re& ccll

mass ih response tc ovina prolactln, 1&4& small numb&r:o

patients with chronic, but ‘ot acu'e, bona marrow failure

‘thus conflrmlng their’ earllerrebservatiun that prolactin
has an erythropaletic efCec i the muu@e. ' |

s (7) (b) Metabolic disturbances in hyperprnlactlnaemia

Further evzdence thaﬁ pro&actln may have a non~

‘lactogenic function in ihe humdn may:darmve from detailed

analysis of metabaljc dis?urbamc@ 1n

-hyperproidgtmnaemlu. Recentlyp Lntewebt has focused

‘fluid and’ aloctro]yte balance.'}

Infart¢lity due to hyperprolactxnaamia la common
and ita cause remains unclpar.» “In the male, there 13
‘some. evidence that deranged metabolzsm of tﬁ&tcsterone

may be involved (Magrini et al., 1976). Sxx normal malas

\k -
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’_WGTQ maﬂ3<hyperprolactlnaemic by the acute administratimn' ‘”

; of sulplrlde._ Thcreafter h CG st1mu]at10n teats"'
i”provoked the %ame 1ncrenent Any clrculating tostosterune

‘_(T) levels as 1n controls but slgnlficantly lowgr 1evelsb

‘7 ;of the more potcnt metabolite dihydrotestosterone (DHT)

"were %een in hyperprolactlnaemlc subjects. Thus 1n tha

Mmale, acutely 1nduced hyperprolactlnaemla nay decrease .

5 0n-educ:tase act1v1ty thereby decrea31ng cmnversion of T,f~

tO‘itS more»actlve metabolite DHT. If por51stent, thls"""

‘Cdefect mlght effectlvely lower phyalologlcally active
1androgen 1evels and contrlbute to hypogonadlgm.

In the hyperproiactlnaemlc female, deranped

-andronen metabollsm also secms ta occur but the relat10n»~”“

1sh1p 1t bears to hypogonadism, 1f any, is unknown. ‘Af

' fstudy of 35 hyperprolactinaamlc females before and.aiter

br0mﬂcrlptine ther&PY TQVealed signlflcantly lower 1evels»f.-77
. 0£ the adrenal androgen dehydroep1androsterone %ulphate  mf'j
| ~(DHAS) (P <0 0005) aiter therapy, whllst 1evele of

g .Q testosterone and androstenedlone were unchanged (Carter

et al., 1977) : The authara concluded that prolactmn

#,stmmulates adrenal androgen production in the iemale.:fﬂ

Slmilar results were obtain@d in smaller numbajs of

){1;pat1ents by B3551 ot al., (1977)a Kandeel et al., (1978)’»‘

;»and Vermeulen and Ando (1978) The 1atter authors also

 noted that acutely induced hyperprolactlnaemla, aither

C by means Of TRH or sulplrlde, did not result in elevated i

o
-t
i
trt
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DHAS in normal 1nd1v1duals, suggcstlng that prolonged  (
hyperprolactinaemia was requlred | They further
obberved that hypcrprolactlnaemlc females on ster01d
replacement therapy did not show the ant1c1pated
increase in c:rculatlng DHAS 1evals and thUo concluded

that physiological ACTH secretlon 1s ‘a prenrequisite

for the effect of prolactin on adrenal androgen Secretlon.;',”cg

The relationship which prolactmn bears to fluad
and electrolyte balance in man is controver51a1 and

will be further discussed 1n.Chaptergv, Inltlal xeportS"":

suggested that patients with prolabtﬁn secretiﬁg pituitaryif E?

tumours exhibited sxgnlflcantly 1ower osmo]ar clearances
in response to standard water loadlng than dld controls
(Buckman et al., 1976) but others falled to conflrm thls
observation in acutely 1nduced hyperprn]actlnaemia r
(Baumann and Loriaux, 1976) '

1 (7) (¢) Prolactin status 1n pathologlcal condltions

Less direct evidence for a non—lactogenie fundtlon

for human prolactin may be obtained by the detalled

assessment of prolactin status 1n a varlety of pathologlcalvwg,

conditions, Such studles have prollferated wmth the’ |
wider availablllty of rad101mmunoassays for h PRL and .a
selected summary of some of these studies is . shown 1n  ‘
Table 2. |  ,  _1» -

One suspects that many - of the reported anomalies in
prolactin status may be the rebult rather than th@ cause .%i

of diseabe states. In addition, 1n some studaes
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conclusxons are drdwn trom limlted data obtalned from -
"dqmall groups of patlents whilst in others, no attempt
'is made to draw any mean:ngful canc1u31on from observed
. anomalles. | | " - | ‘

A Nevertheless, 1t is. qulte concelvable that oo
: 1rrespective of its aetiology, in pathological 51tuat10ns Tﬁ )

f;hyperproldctlnaemxa may assume a smgnificancc not

"appllcable ln normal phyaiologlaal c1rcumstances. ‘ Eéf
:lexample, it may be thdt vtress 1nduced hyperprolactlnaemla
‘fmay 1nduce benef1cia1 compensatory salt and water retentlon ?tffﬂ
Vjin the fluld and electrolyte depleted diabetic, whilst | )
he same mechanisms ‘may. aggravate pro- exlsting hyperten51onglffi
,;5in thc ¢tre$sod buslnessman. Furthermore, 1t may. be no a3
‘c01nC1dence that there is exuesalve hyperprolactinaemla in :a,,
"%{molar preﬁnancy ~‘a dlsease chdracterised by early and
'iiaevere pre eclampwia.,_ Hyperprolactlnaemla 1n renal failur;;f;T
‘ﬁmay certalnly be a. signlllcant factor in the developmant i
:of hypogonadism but it mlght also be - a compensatory
;:erythrop01etic factor which serves to amellorate the
fproEound anaemza 1n these patlents. Moreover, 1t 1s of

’Cons;derable 1nteresL Lhat there was’ an increased 1nc1denc '

7”’o£ alevated prolactln 1evels 1n xndivxduals at ”high risk”

305 developing breast cancer wnen compared to sub}ects who
“dctually had the. dlseasa. Thls may mean that 1n certain \” o

;7suscept1ble ind1v1duals, prolonged exposure to elevated




pxalactln levels may 1tself 1nduce9 or be a co- factor for ﬁf‘ff
the induction of, prol&ctxn dependent carcznumata and \
promote their growth. | |

1(7)(d) Diseases in which prclactxn may nlay a
PﬂthOPhYS101OFtcai role - - :

In general, our 1gnorance of the signlilcance of
physiological lot alone pathuloglcal prolactmn eecretion
in the human, lends itself to fancmful hypotheses on ;
the possible role of prolactln 1n dlverse condltions }}g

selection of which are noted in Table 3

However, proposals such as. thase clearly arlse_{h%%”>
because there are pathological cunditlons which we do |
not fully understand abnormal prolacfin status for whlch
we can offer no satlsfactory or signlflcant explanations'ﬁfg;i*ﬁ}
<anima1 studies whlch reveal hormcne actlons which may or.
may not be appllcable and relevant to the human sub;ect. B
The hypothcses, tharefore, merit serious con31derat1on and
critical evaluation. o '

1(8) Aims of this thesis  ?‘“

The aims of this th651s may be summarise& |
(i) As a geheral introductxon, to provide a brlef rev1ew
of selected aspects of human prolactln..{ff
(i) To describe a radloimmunoassay which has been
validated and used for the measurement of c1rcu1at1n&

prolactin concentratlons in man.
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(iii) To provide a strategy for the 1aboratory 
?assassmont of pralactin status, ha%ed on data Obtalned
in diverse physiological and pathologlcal condltions.
(iv) . To demonstrate the<role of dynamic tests of |
prolactin secretion in the diégnosis ofﬂSmall, radiologically.
QcCult’prolactingmas by detailed c¢linical, biocﬁgmical ‘ .
and radiologicé17a§ééssmeht of a consecutive series of
patlents wlth unexphlned aymptomatmc hyperprolactindemla -ﬁh g
the "Amenorrhoea~0a]actorrhoaa” ayndrome. ‘ ‘
(v) - To doflne the 1ncldenco of hyperprolactlnaemia in ;;f‘ﬂ““
rena1~d1 gase and provzdc ev1dence of altered ranal o
metabcllsm of prolactin togetherlwith dlffusely derangcd‘;?f ,"
_hypothalamlc pituitary Function in uraemia |
A(vl) To descrlbe altered molecular heterogenexty o€
‘human.prolactln in uraemic sera compared to cther~hyperw'"":
prolactinaemic sera and pituitary extracts. ,
,(#ii) To provide an assessmentséf the'studies‘deséribed‘

and suggest potentially'productive areas of futﬁre study.
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CHAPTHER 1T

PROLACTIN ASSAY

2(1) Introduction

Prolactin may be measured by bioassay, radio-
immuﬁéasaay'and radinreceptorassay; The sensfiivity'
and- specificity vary greatly and, therefure, che
m@thod ghosen must depend upon the prlmary purpose of
the estimation. “

Z(I)td) BioasSaz

The pigaon CIrop 5ac assay

B This i° ‘the orlginal bioaasay for prolactin and
depends upon the abiltty of the hormcne to stimulate
proi;feratlon and crop "milk" produution by pigeon
cr0p bac epithellum (Rlddle et al., 1933), | Indeed this
methad remains the classic bioassay for prolactln and
is still usgd for Lhercompgxxson.and standardxsatlon of
the biological poténcy of purified prﬁléhtin and 1actogeniq;_
hormanes.L However, the techn;que is cumbersome, prona |
to non spec1fic serum int@rfarence and even at its most
sensitive (Nicoll 1967) cannot detect normal circulating

levels of prolactln. Moreover both h GH and h PL ‘also
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produce positive responses in the assay'syStem (Forsyth, ‘tf'

Folléy and Chadwick, 1965, Forsyth and Bdﬁards,lQ?Z).

Stimulation of lobulo-alveolar mammary tissue in vitro
 Four methods have been described wﬁich depend on
the ability of prolactin to stimulate suitébly prepared
and maintained mammary gland in vitro. Two of these
methods have a histological end point with an arbitrary
assessment of the amount of secretion accunulating in the
alveolar lumina énd use eithér mid pregnant mouse mammary
glaﬁd(Frantz and Kleinberg, 1970) or pseudo pregnant
rabbit mémmary’gland (Forsyth and Myres, 1971) . Two of‘
the methﬁds have biochemical end poihté and use mid
preghant mouse mammary glands, 'Tﬁe&‘depehd on:éither

£ 32P into caéein

the prolacttn stimulated 1ncorpor1t10n o
(Turkington, 1971) or the stimulation of Nwacetyllactosémine |
synthétase activity (Lowenstein et al., 1971). o
These assays are more sensitive than the pigebn érop
sac assay'butrSfill do not measure normal basal prolabtin
levels; they both lack specificity, are imprecise,
require specialised - facillties, are time consuming and

'manpower intensive and have limlted sample capacity.

2(1)(b) Radioimmunoassay

Radlolmmunoassay (RIA) is a saturatlon analysis

technique, the requirements for which are (1) a specific
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antiserum for the antlgen to be measur@d (11) antlgen ¢

which may be labelled w1th radlolsotope (125

1) aﬁd
retain immunological activ1ty (111) anﬁigen for
standardisation (iv) a technlque for saparatlan of
antlbadynbound and free fractions. | o

In principle, a trace asount of radmoactlvely
labelled antigen is 1naubated w1th a constant, limltlng
concentratlon of antaserum, bindlng about 50% of 1abelled.;-
antigen alone. Unlabellcd anti&en comp@t%s thh and
progressively displaces antlbcdy bound 1abelled antigen.
" Thus there is an inverse reiatmonship between unlabelled f
antigen concentration and the~amount Qf antibody bound |
'_1abelled antigen. Quantltatlon depends upon ef£1c1ent
separation of antibody bound and free- fractions. 7 "

The technique-was f;rstvused_to~measure cirguiaiiﬁg
levels of thyroxine (Ekiné‘1960)rand'{ﬁ3ulin (Yalow:éﬁﬁ"
Berson, 1960) 1nd with the 1401at10n of prlmate prolact1u ‘}
‘as discussed in Chapter 1,‘raé101mmunoauqays for human 7

prolactin became feasible. Heterologous systems were

described ~ that is. RIAs in Whlch the anrtqerum nsed is

raised to prolactin of one. specxes and tracer is prolactlnrré '

from another 5p301es (Hwang et al., 1971 Jacobs, Marlz and -
 D0ughaday, 1972) but these were superseded by homologous

RIAs in which prolactin of human nrlgmn was used for




1ﬁﬁunisat10n, 1abelllng and a% standard (Frlesen et al.,
'v.”"‘lg?zb Sinha ei: al., 1973). o

“'The major advantages of thls technlque are
" sensitiv1ty (e g. the ablllty to measure normal basal

. prolactln levelo), Specmflczty (e. g no Cross reactlon with

o ?ah ‘GH or h PL), sample capacity and’ simplicity.

”.'2(1)(0) Radloreceptor assay |

B | The recurrlng cr1t1c15m of radioimmunoassay is that .

" 1t measures immunological act1v1ty which may be. dlstinct B
'?from hiolog1ca1 activ1ty.'; Uzscrepanc1e$ between 1mmuno-
freactmvxty and blO act1v1ty do occur. For example, a
f‘hormone precursor may be 1mmunologica11y but noﬁ blologically

. actlve as may a partxally degraded hormone Fragment.

Thus 1n an effort to augment the ostabllshad techniquevg'iff

_;Lo& radlolmmunoassay, radloreceptor assays have been
wﬁdeveloped 1n which the blnding agent is the physiological
fharmone receptor on the cell membrane of target tlssues.

; Theoretically these receptors b:nd only blOloglﬁally

act1va hormone and 1n the cas@ of prolactln may be

prepared from mammary glands Of pregnant or pseudo~'

‘pregnant rabbits (ahiu and Friesen, 1976). The sensitlvity

anil precisaon of such muchods is usually much greater than
cenventional bloasﬁays but the problem of lack of spec:fictty

Trecurs in that h-GH and h PL cross react in the prolactin

_'radlqreceptor assay and non specific serum interference
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is a practical problem (Frlesen and McNellly, 1977)
Moreover, these assays measure only hormonc blndlng ;‘_&

and although this may" be a pre requisite for biologlcal

activ1ty, nay not be equated thh it. ;
Neverthele%s the " developnent of radioreceptor assaysf
,frepresents an advance towards comparison of biologlcal |

‘and 1mmunologica1 act1v1ty at relatxvely 1ow hormone

flevels, a prospect not feasible W1th convantlonal 1_55 ,

" blcassay technlques.

12(2) Rddioimmunoassay of human prolactin o o

~ A hamologous radioimmunoasqay A&S been used to

moasure human prolactln concontraticns 1n all of the

fstudies presentcd in this thasiq. Bnth the purified
Qhuman prolactin and the antlhuman prolactin serum:

" “were prepared in the laboratories of Professor H G Fraese 4;ff

Taﬂd were klndly supplled by Dr. A.‘McNeilly.

stng these reapents, assay conditions were optimlsed'

. to provide two systems,u one for routine use, in whlch :
‘the mean sen51t1v1uy was 38 mU/l, range 27-54" (Table 4)

and a more senqltxve assay Ulth mean sensitivmty of

6 mU/l, range 2- 15 (Table 5) Standard curves typlcal of
each 6f these systems are shown in Fig. 7. )
2(2)(a) Reagents . J

‘:';r“zg_gge__r_ | B )
Highly purified human pltultary prolactin (PR 75. 7)10)-

5 ug, ‘was 1odinated by the 1actoperoxidase method (Tboréll
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| ‘and Johanssom 1971 Table 6) Lactoperoxidase (LPO)
‘:‘was supplied by Sigma Landon, bovxne serum albumin

“(PSA; by Armour, hydrogen peroxide 30% w/v by BDH

125

' Lhualcals and I of specific activity 13~17 m01/ug

. ;(IMS~30) was from the Radiochemlcal Centre, Anersham.'

.The 1odination reactzon was terminated by simple

: ’"dilutmon.

2 X 10 ul aliqvots of the iodination mixture were

removad dzJuted with 90 ul 0.05M phosphate buffer

'f'pH 7.5 then applled to calibrated paper chromatographxc'fl“"

strzps (Whatman 3 mm) and electrophoresed for one hour fﬂ'v

" ;(vo1taga SOOV) 1251 1ncorporation and specific

"actmvity (SA) were calculated as described by Landon,

'EyLivanou and Greenwood (1967).~ Mean 1251 incorporation

was 798, range 71~84 and mean SA of labelled prolactin _';ﬁ“f

'i'was 174 uC1/ug, range 16? 194 in~ 14 1adinat10ns.

The remainder of the iodxnatmon mixture was applied i

.i:to a 40 x 1 cm column of 6150 ephadex which had been o
T'prlmed thh 5% w/v BSA in phosphate buffered sallne  7
“,(pH 7. 5 0 OSM phosphate, O 9% w/v saline) (PBS). Tﬁ#'ﬁ{
‘culumn was eluted with 0.1% w/v BSA in PBS. ‘ Bluéion -

'volumes of approximately 1 ml were collected using a

jModel 1200 Pup Golden Retriever automatmc fraction

 col1ector (Instrumantation-Specialtmes Co.). Measured'L‘Ef7ﬂ
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alxquots of each 1nd1v1dual fractlon were then counted

© in the gamma counter and an elut10n proflle constructed

'(Fig; 8) ~ The monomermpeak.was'clegrly separated from .
“both "aggregaﬁed" prolactiﬁ and'free iodine, It was
;possible, therefore, to select and pool approbziate
iractlons from the "monomer" peak and retamn these at
-20%C for use as assay tracer. T‘ )

When max1mal binding of this monamerlc tracer was
assess ed in antlbody excess (ant1 human prolactmn serum '
FR AR 7-13, flnal dllution 1'5000), 94% of the tracer

was bound}and in assay binding of 50-60% was consistently

obtalned in the routine system. ‘

' A comparison of standard cﬁrves using tracers '4
derived either from the "monomer" or "aggregate" peaks
fof the iodination profile is’ shown in Pig, 9. Moreover,

the carrelation between results obtalned in 30 test

sera using a 5 day °1d tracer COmPared with those u51ng{ -v,:““f

the _same tracer 40 daysold, was poor (r s 0, 71), thus
‘;repurificatlon was carrled out on each occasion prior to
_;addition of tracer to ‘an assay. ~ A disposable 10 ml
4p1pette containing 6150 Sephadex’was used and the column
»eluted with 0. 19 (w/v) BSA in PBS. . Serial repurlflcatinn “
- profiles of,thq“same tracer“are‘shownnjn-Fig, lo‘qnﬁ,-

‘increasingiaggregate aﬁd;fraq.iodine concentrationSQarq ?:
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‘*;}ev1dent w1th tlme.”; However, sxgn1f1cant amounts of

t*?"monomeric" tracer perS1sted for 4 -6 weeks and thus

ky¢prov1ded a satisfactory 11fe span for the tracer.

'Alternative preﬂaratlons of purifled human prolactln

‘Lffwere assessed for thelr sultablllty as source of assay

"fltracer [Table 7) The most approprlate materla] was'
”5.1;jfound to be FR 75 7 10 on the bas1s of hlgh 1mmunolog1cal
ﬁactiv1ty, ]ow non speciflc blndlng NSB), increased assay

'sen51t1v1ty and prolonged worklng life  span w1th

"}repurificatlon.

The more conventlonal 1ndinat1on technique using

7ffliﬂthe oxldislng agent chlorammne T (Hunter and Greenwood

Hwéﬁln agreement w1th Wood, Shahwan and Marks (1975), tracer R

‘L.produced by the 1actoperox1dase method gave: hlgher

l,ubinding 1n assay, lower non spec1£1c blnding and assays

J*';of greater sen51tivity than those using txacer preparad

} with chloramine T (Table 8) . The latter also ‘had a
shorte;vworklng llfe span._ |

"-'Ant.a_b_p_czz | i
‘ The rabblt anti human prolact1n serum (FR AR 7~ 13) wasgiﬂ; 

Atv;used at a dxlution of 1 28 000 t0 give 50-60% blndlng of

ﬁinftracer alone (Fig._ll)

. VLS# 4 anf human prolactln serum (klndly supplied ‘a£igj}

'~7:f w1th VLb # 3 h PRLyfor 1odinat10n by the Natlonal




Instltute of Arthritis Metabollsm and Digestive Dlseases?,é S
as part of their hormone distrlbutzon programme) was . 1475.
also tested at a final dilution oE 1 30 OOO and

-1rrespective of whether thls antiserum was used w1th I

VL8 # 3 tracer (NIH system] or w1th FR 75 7 10 tracer,_ j__)

it gave consistently lower binding 1n assay (by 10 zo%j’:;;ﬁ,sgﬂ

“con51stent1y higher NSB values (by 2 2 Sx) with assays
less sensitive than thuse using the routlne Frlesen
system (FR AR 7-13 antlserum w1th FR 75 7 10 tracer)

For objectxve comparlson, 30 test sera whlch had ‘

been asslgned values in the routine Friesen system,

were re-assayed in two other- systems (1) the NIH syste

(?) a Mixed System using FR AR 7 13 antiserum w1th ‘

VLSV# 3 tracer. A closer correlatlon to the Prlesen ,5”"
system was seen with the Mlxed System (r = 0 94) thdn ‘
with the NIH system (r = O, 88) suggestlng an antlbody R
related dascrepancy (Fig. 12) '

Standara

Since March 1977 the xlrst internat10n31 ‘
reference preparation of human prclactin MRC 75/504 (650;;L
milli international uults/ampoule, from the Nat1onal _ =
Institute for Biological Standarde and Control Holly
Hill, Hampstead, London) has been used as ‘a working o

standard, made up in assay dlluent.




Prior to this worklnﬁ standard& were prepared from
Lowry Batch 3 purlfied human pltuitary prolactin anda{f ”§*

were standardised uslng the MRC R@search Prolactin

‘Standard A 71/222 (}0 m1111 units/ampoula) for fl;

absolute reference.

23 mU/1 was equivalant to approxanately 1 no/ml,ggf~'“’””°
of the VLS ~NIH preparatiou. - V0

(?)(b) Separatlon technlque "H;:k

Bound and free fractmons were separated by a &ouble :{;
antlbody technlque u51ng a donkey anti rabbit qerum “
(Wellcome Reagents Code RD 17) at a final dilutlon of
1: 80 and calrler nonulmmune rabblt serum at a final .
, dilutlon of 1:1000, Wthh gave maximum precipitatlan  Zf',
of the bound 1ract10n.  "' _"' o

After an overnight 1ncubatlon at 4° c, separatlon
was by centrifugat1on at 4°C {or 30 mlnutes at 2000 xg;

after which the sup@rnatant was aspmrated and the '*‘

precxpitate counted 1n an automatic LKB Wallac 80000  $  o

gamma sample counter..;--?

2 (2)(c) Calculatlon and analys1s of results .

Paper tape plxntmout from the automatic gamma |

counter was fed 1nto a Hewlett Packard Model 10 progrummable

calculator via a Hewlett Packard Model 9863A paper tape

reader. A plot of tree £ract10n divlded by bound




‘Hffraction against antigen concentratlon (the F/B plot)

*gave a standard curva whlch was close to linear. Little -

dmstortlon was, therefore, involved if the standard

‘.N;curve was consldered as a series of straight lines

”jg;cnnnecting adjacent p01nts and this linear 1nterpolat10n

3ffmethod was. used to derive vesults automatically

‘?-§(Cha11and Ratcllff@ and Ratclmtfe, 1975) .  Final

fresults wexe prlnted using the Hewlett Packard calculator's’

"7ahvaipha printer facillty, along with parameters such as.

‘A”.values for all dupllcates, standard curve mid po1nt,

-;assay mean, and a histogram of the A values obtained

'“Q‘durlng the assay run.

2 (2)(d) Assay valldat1on

"?Spec1f1c1ty

f  No 51gnif1canf crass reaction was demonstrated
1ﬂwith elther h GH or h PL over the range 0~5000 ng/ml
iand 0«100 000 ng/ml respectavely (Fig. 13).

_,fAccuracy of Recnvery

e Varying known concentrations of h PRL were added
fffto aliquots of a horse serum which had been pre assayed ,. “
,:;1n the routlnc system and found to contain undetectable-i.
 ”1ave1s of h PRL.:@ Six duplicate estimations of each

‘ ;of these (horse serum + h PRL) preparations were then
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made 1n the same assay and within the range of prolact1n'
‘1evels testod, viz 49 300 mU/l, recovery of added h PRL
was 97-108% (Table 9) '

Serum effect |

In the routlne prolactin. sy»tem described non
3pec1f1q gerum,gf£e§§s were observed both with some
hqrse:séfa»(p;?'ﬂjﬁaﬁd with "proiacﬁiﬁ!free"ﬂhgman‘;
seraffrbm‘six‘pétiénts being treatédfw;th the prbiécfin
.suppieésing’ageﬁt, bfcmocriptine (Fig. 14a) . In the o
froutlne assay, the effect was small (<10% suppr9351on'i
| of % tracer bound) but the effect was volume related |
'.(Fig. 14b) | ”

In tha assay condltions reutinely used the effeﬁt

was Judged suff1c1ent1y small to enable a dzluent standard‘ifil

curve to be used

Parallellsm Studles

. As a crude assessment of tha comparablllty of the
ifprolactin used as assay standard (MRC 75/504) and that
measuredlln'the clinical 31tuation,usera from a_sgrlesf

of ﬁatientq‘ﬁho'hdd elevated circuléting prolactiﬁflevels
of dlverse aetlology were studied at derlal dllutmon in
assay &iluent to- enqure that they were parallel to the
*diluent standard'curve. Typlcal examples of such .
parallelzsm studles are shown 1n Flg. 1%. |

Parallel serial dilutlons were obtained in pregnant

sera, pitu1tary tumours, drug 1nduced hyperprolactlnaemla,\.i

hypoglycaem1c stress 1nduced hyperprolactxnaemla and in

,Auracmlc scra. B
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Prec131on Wlthln assay

Wlthin assay prec1sion was assessed by measurement :
 0£ prolactln levels in twenty dupllcate specimenS” of
each of five sera Whlch had mean prolactin levels 70,
‘i1140 280, 360 and 560 mU/l._ Coefflclents of variation
for each of these sera were 3%, 4, 9% 4%, 7.8% and 13%
'respectlvely. M

Prec1sion between ‘assay

Between bapqh precision:was gsséssed by the inclusion
of four quality éontrol'sera at the beginning and end of- |
every aééaf‘performed'.y The mean prolactin concentration
in each serum was 70,° 190, 360 and 560 mU/l respect1vely.
Over a period of I5 months durlng which 217 prolactin assays
were Performed the between batch coeffic1ent of var1ation
in edch of these sera was 8.4%, 5.4%, 7.8% and 9.2%
'respectlvely. o

Quallty control

In addition to the :nc1u51on of internal quallty
control sera in- all assays, the 1aborat0ry part1c1pated in
the external National Quality Control Scheme for human
‘prolactin (Dr. S. Jetfcoate, London) .

For thq 14 month period up to July 1978, results
| had a.mean%.differénCe‘fiom the all method mean of ~34,
Sh 14.  Two¢fact0fs may ha?e contributed to this
“ discrepancy (i) the lack (at that time) of ‘a widely
‘available reference preparation for use as work1ng
‘standard (1i) the lack,ox uniformity of reagents and
methods used'by participating laboratories causing some

1gfoups to return consistently high results e.g. horse
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ﬁ-serum read:ng 1200 mU/l.‘ Clearly such hmph values ‘cause
sk&wing Of the all mothod mean.;n 4

"  On a. limxted number of observat10n¢ (n = 3) the

| ‘3”maan inter assay C. V. of alght pools wmth projactln

~ levels inr@he range 40—1553 mU/l was 8 1%,
-'The ass ay d1scr1m1nated well between horse serum -
and a 1ow human pool €.0 g. <42 mU/l (Reut1ne aystem)

cumpared to an all method mean of 192, and <31 (Routine

_'Asystem) compared to 176 (all methcd)

2(3) Stat13t1cs

Slnce the dzstribution of prolactmn 1eve1 observed
Jn healthy control subjects and in dlverse pathologlcal
cond;timns was non«Gau551an; the Mann Whltney test was
applied to assess statistlcal signlflcance, by means of |
a Wang 600 programmable calculator (Wang Labordtories Inc. )

l2(4) Discussion

For routine cllnical ‘use rad101mmunoassay is. the
most suitable currently available technique for the
maasurement of prolactln cancentratiens. The system’
described has prOVGd accurate, precise, sen51t1ve and
<spec1fic. Only ‘small serum volumes were requ;red and
’feguits éf high diaghgstic accuracy‘we;e available
w1thin one week. “Although the mefhod'w as entirely
manual and hencc labour intensxve; one person was able"
to cope ﬁxth a routine Lhroughput of approximately 100_.
samplas-par week, aach sample assayed neat and at |

dilution on the first occasion.
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The method 1nvolved a well established technlqua

}'for tho separat;cn of bound and free fractlons and the
lmethod of calculatzon and analysms Qf res u1ta was one.
_which was a]ready validated and in routine uso fcr
_ether hormonaa within the vadlolmmunoa,say unit. ¢>”

Ftlesen'v.reagents proved the most’ suirablecf thosefﬁ

tasied with hmgh % blndlng 1n assay, low non 5pecif1c
A bindlng and Lhe tracer prnducpd by 1act0pernx1dasa
flodinatlon had a pralon&ed 1ife 3pan Wiuh xcpuri 1cat10n:,af?“
and hence was’ savmng of 1odLnat10n materlai and 1abour.
| '[A clear advanLage of the reiﬂentq used was the
considerabl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>