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ABSTRAGCT

The aims of this study were to determine accurately the .
'oéstmgen status of the'poétménopausal woman, the sources and
mechanisms regulating oestrogen production, the relation of
plasma oestrogens to climacteric symptoms and the effects of
administered oestrogens on plasma oestrogen con.c'enm'afions by

employing intensive hormone profiling techniques.

The results showed that the major cirénlé.ting deficiency
resulting from primary ovarian failure was of oestradiol aﬁd
that oestrone was, quantitatively, the dominant unconjugéted v
cestrogen circulating in postmenopausal women. H.é.sm a.ndrogén
- a.nd cestrogen concentrations in ovariectomised and postmenopausal
“women befcr:e end after daxa.methasone treatment for one week,
-suggested that the postmenopausal ovary was an':l.nsignifican‘b ' _
.sot.zzces.;of clasma steroids 'whep .compared with the adrenal contﬂb? .
ution. Studies of women :infused tetracosactiin or af.ndroste.nedion.e..
aﬁ.ez dex=meihasone treatment for one week, showed that plasma
oestrogens after the menbpéuse-v could be largely produced by

?ecz-ipheral aromatisation of adrenal androstenedione.y As‘the»re :
was & positive cor,reiation of the fat mass and the ,ﬁlasma
oestrone and oestradiol concentrétions, adipose tissue may be ., ,
the major site of extraglandular aromatisation. Other studies
showed that production in, or the release from, the _a.romatisiné
| tissues was prolonged and possibly episodic, especlally as plasﬁxa
oestrone and oestradiol concentrations ﬂ.uctuated asynchronously

throughout the day.



  - 1h;

Postmenopausal women with superficiai dyspéieunia had
significantly lower mean plasma oestradiol, but not oestrone,
édncentraﬁions when compared with thé levels in asgmptofnétic
women. There was also a highly significant 'cori‘elat;ion of the o
karyopyknotic index and t;he. plasna oestradiol, but not oestrdne, .
conceﬁtration in another group of women. .- ‘Thus, oestradiol-:!.s; "
biologica]lj, the "m‘ost :I.mﬁorta.nt plasma oestrogen in #omen
 after the menopaﬁse. _The presence or timing of flushes wasvnot,
however, related 'bo actuél levels or a‘.‘f!.u'ct'o.at:l.omi~ in plasma :
ﬁormone concehtrations. Finally this stu&y showed that orally |
 adninistered cestradiol valerate was absorbed and metabolised
like piperazine oestrone sulphate, 'and‘ hot like oestradiol

‘administered parenﬁera:lly.
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PART 1

'Introduct'ion, objectives, and
critique and description of
the methodalogys |

Sumery: In this part, the current knowledge of the production and
| metabolism of plasma oestrogens after the menopaus‘e is |

reviewed. Then the cbjectives of this study are described:
the accurate 'detemination of the oestrogen status of
posmmopsnsel women, the scurces and mechanisms
regulating oestrogen production, the relation of plasma
-oestrogens ‘o s;ymptoms usually attributed to ovar:lan '
Pedlimre-and the effects of oestrogen therapy on oeeh'ogen
‘statas. Finally, a8 critique of the methodology, and
particularly the iantensive hormone proﬁllng techniqﬁe
empiloyed in this study precedes a detailed dagenpt;oﬁ
of the clinical, lsboratory and statistical methods.



.; 16 -

A) INTRODUCTION -

The menopause is defined in the Oxford Ehglish Diétionafy as
"~ the final cessation of menstruation. "Ihe ‘menopause oécurs during
- the climacteric which 1s the phase in the aging process of women
which marks the transition from the reproductive stage of life to
 the non-reproductive stage (Utian and Serr, 1 976)'; These and other
relevant terms applicable to this study are summar:!.sed in Figure 1 ole

The menopause is a consequence of primary ovar:lan failure,

~which is caused by'depletion of primordial follicles from thevovary'.
- Each primordial follilcle consists of a single layer éf gra.ﬁulosa
orpre-gram:losa cells (which are specially differenti.ékﬁed oﬁaiian
-stromal cells) surrounding an cocyte. The c‘:ocytes' of 'the_' primqrdia.l
- feilicles, which are formed only during ihtranterine 1ife; are -
primordial germ cells (oogoni#) which have entered the pmphése of
the first meiotic division.', The number of oocytes in the ovaz;y |
declines expomemtially from the fifth month of intrauterine life
(Figure 1.2) end shortly after birth, oécyt.es‘ which have not Tesched
the éiplotene (‘resting!) phase of meiosis, along with remaining
- cogenia, are eliminated by the process of atresia. Kthough in each
 ovalatory cycle, -about 20 primordial follicles are stimlated to |
becoms Graafian follicles and degenerate shortly aﬁier one of them
ovilstes, the dscline in the mmber of primordial follicles during
v vthé reproductive phase of life is due mainly (99.92) to the process
of atresia (Baker, 1971). | B

Scme atresia of oocytes occurs in all spe_c:leé, but compi_eté '
elizination of primordial _i‘olJicles occurs only in humans (usually
by the sge of 60 years (Eloch, 1961) ), and in inbred strains of
mice (}ﬂntz; 1959).‘ The namre,' cause and t:lmingk of’th:l.s atresia



- Figure 1.1. Definition of terms of stages of life
about the mencpause (from Jaszmann, 1976).
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Figure 1.2. Fluctuations in the total population of
germ cells in the human ovary during reproductive life '
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are not understood although geﬁetic factors are probably importa.nt., |

The ioss of a.n x-chromcsomq such as in Tqmér's é;yndroma is

- associated with premature ovarian failure, usually around the time

of birth (Singh and Carr, 1966) and X~chromosome 1§ss in ovarisn .: !

tissue increases with age (Fang et al., 1975). .Other factors known

to accelerate the rate of atresia include auﬁimﬁuhe disease (Golonka

’ an& Goodman, 1968), irradiation (Natha::soh et él.-,19h0)ﬁ,'cytoto:d.c |

drugs (Rose and Davis, 1977) and viral diseases (Hon'ison et al., 1975)-.
The el:l_mination of oocytes results in postmenopmaal women being

_ 'éterile. However, the depletion also of the surraundin,, fol‘!.iclea

hag importan‘ endocrine consequences because du.r:lng the reproductive

: _ph_ase of life, the Graafian folllcles an_d corpoxja J.utea which develop

. Zrom them, secrete oestrogens. . B ’ | | .

- Oestrcgens are steroid hormones with 1’8 éarixén 'atoﬁé 'and‘ in .th’e
fem&‘!.e they are primarﬂy concerned with reproductj.on, eepecislly the‘
- growth and fuxmction of the ram-aductive tract and the secondary sex
cna:ac‘beris‘a;cs The cytoplasa of the. cel'!.s of target tissues (L.e.
those derived. frem the MMllerian duct and urogenital sims, a.nd of :
the hz-eas" anenanypophysis and h;rpothelams) contain highly speci.ﬁ.c
proteins (recemtors) which bind cestradicl-l (¢ with/‘high“afﬁmw '

“Yhon -ocesirone. Intracellular oestradiol is derived prima.rily
 Zrom plasza cestradiol, but a.~-~pz?oportion’nay- be ‘prémcéd by the
..nm'acellnls:' -'ednction o oestrone which, in most biolog:!.cal |

. systans, is a much weaker oestrogen than oestradiol (Fotherby, 1976).

Transposition of the oestradiol receptor complex into thq mcleus
stimlates a specific cellular response whiéh,"fo;"the eﬁ;ﬁhel;.al o

cells of the urogenital tract and breaét, is prinarily proliferative.

The metabolism x;f other tissues such as those-i:_zAbéne, skin and other
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parts of the nervous system may also be affected by plasma oestrogens
although the mechan:l.sm of action of oestrogens :Ln these tissues is

" not understood.

- The cyclopentenoperhydrophenanthrene ring nncleue of oestrogens |
is synthesised from acetate only in the stromel ce:Lle derived in the |
- embryo from the median crest of the dorsal abdominal wall, 1.9. :l.n the
adrenal cortex and the gonads. During the reprodnctive phase of life,
| 95% of circulating oestradiol is secreted by the Graafian follicles
~ or the corpora lutea (Baird and Fraser, 197L4) and pr:hnar:uy by the
stromal layer which develops around the pre-gramilosa layer (Gower and
Foiechy - 1975). Although the cells of the Graafisn follicles and
corpora. lutea also secrete oeetrone, more than 502 of plasma eeetrone
:I.n,premmepmal wonen is derived from adrena.’!. sources or the peripheral E
eonversion plesna oestradiol (Baird and Fraser, 197h). The plasma
concentrations of oestradiol and of oeetrone determined vin dally blood vk ‘.
samples ":h:uughaut the ovulatory cyele,- ﬂ.uctaate 1n a characteristic |
feshion sinilar to that shown in Figwre 1.3+
‘The most chmcteristic effect indnced by the i.ncrease :!n plasna
t'oestmgen;eve‘t.s ..hat results from folliculaxr development is
pu:e.i.\.ewstien the emdometrium, fronm- shich menstruation ensues
after the oeat:egen levels later fall because of 1uteoly§sis_.“ By‘ tﬁe
-age of about 50 years, the population of primordial follicles has
" become severely depleted, development of Graafisn follicles ceases
and thus, cyclicel proliferat:l.on of the endometrium can no longer

occur: women are then poe’menopausal. The age ‘of menarehe (woed, 1971 ), o

smokdng (Jick et al.,’ 1977), parity (Sobewon et aJ.., 1966) and
marital, socioeconomic, racial and hereditary factors (Jaszmann et al.,
1969; McKinlay and Jeffries, 197L; Frere, 1971; Damon et al., 1969)



Figure 1.3. FPlasma oestrone (}“..1 ), oestradiol A(Ez)’
follicle stimulating hormone (FSH) and luteinising
hormone (LH) in daily blood samples obtained from
& normal  premenopausal woman during a menstrual .
cycle(atlap"ai -ef‘()w\ Hawking and Oakecj((‘lfh,c)anal -
Tacs and Murrag (lqt}—b))
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may affect the age of thekmenopause élightly. lhe age 61‘ the
menopause was apparently also about 50 years in Greek and Roman
times (Amundsen and Diers, 1970). Since then, of course the 1ife
expectancy of women has dramatically increased, especially in this
century, and women in Westem Europe and North Ame:riea can now
expect to 1ive, on average, until about the age of 75 years (Jaszmamn,
1976). | N S
‘The secretion of oes&ogens by the human Graa.fian :_t'o]licle' was
first recognised using bioassay techniqnés based on the effects. of o
oestrogén on the vagi.nalcytology of rodents (Men and Doisy, 1923). :
The - recent develorment of cheﬁical, techniques for' studying hormones
ha: -enriched ocur Icnowledge of oestrogen metabd]iém in premenopms&l :
women, and particularly plasaa oestrogens and the factors regulating
thelr .fol]iculm: se:;retion: this has led to j.mﬁ:oved management of
premehopansal women, part.icﬁlarly those with &i.sor.deré of oeg&pgen
p&omotion. Women are now, however, pos‘hmenopmél for almost.as:
long -as they-are- prem.enOpausalv yet our ?resént' !mowledge of‘ oe_stijbgen |
metabalism in posimenopsusal women is sparse :Ln comparison with that
“in premencpsussl women. e | N



- 23 -

- B) OBJECTIVES | | |
The general purposes of this stﬁ@ were. to‘determine
1) the concentrations of plasma bestfogené after the
menopause and the factdrs which regulate their
production from a.drenal, ovarian a.nd exbragla.ndnlar
_sources after ovarian failure. -
11) the relation of plasma'oeatrogené to clinical éftécts'
of primary ovarian failure, especially asma.nw symptons
have sometimes been attributed to the éonsequent beétrogen
deficiency (Oram and mxahavarti, 1975, campbe:ll and
Waltehead, 1976). |
- 1i1) the- effects of postmenopausal oestrogen therapy on plasma
oestrogen concentra.tions particula.rly because current
regimes of 'hormone replacement therapy_'. are thought to
cause endometrial carcinoma in some women (Ziel and
Einkle, 1975; Smith et al., 1975, HcDonald et al., 19?7, -
Gray- e‘b aley, 1977).
“The: u..tim:ha notive of this study was 'ho develop a firmer
biochemical basis for the practical managanent of women after the -

_menopause.
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1) PLAS’*!A OESTROGEN CONCENTRATIONS AFTEI THE MENOPADSE

The objectives of this part of the smdy were to mvestigate -

a) the exact hormonal status of the poatmenopausal woman.
 b) the contribution of the pos’meznopa.us&‘!. ovary to plaama

' oestrogens. o ' 4

| c) the contribution of the adrenal cortex to plasma steroids. B

'd) the extraglandnlar production of plasma. ocestrogens n'on
androgens. . » o
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a) THE HORMONAL STATUS OF THE POSTMENOPAUSAL WOMAN

he ain of this part of the study was to determine accurately
' the oestrogén, androgen and gonadoti'opﬁin'svta‘hxs of woinen after the
U menopanse. In the first reported study of plasma oestrogen
concentrations in postmenopmsal women, Frank et al.(1 93h) found that
the 'oestrogenic substance'! was undetectable by‘the Allen and_ Doisy
test, However Fluhmann ‘(1 936) subsequently ahowed,thaﬁ' '6e’strogehic .
substance vas detectable’ in plasma, and furthernore, that the levels
fluctaated from day to day. Bloassay techniques for deternining
plasna oesmgm concentrations were eventually Superéeded by more
-specific and sensitive chemical methods mvolvin‘g fluorimetry
(Ickil et al., 1963) gas chromatography (Attel et sl., 1967; Wotds
et.al., 1967) and colorinstry (Brown et al., 1968), but these were
notappliedcﬁ:ecﬂy to the study of plasma oestivgens after the
nencpauze- | B G
In 1968, B=ird developed: a. vsensitive “double-’-iso’cope 'derivrative
technique for d.merm:.m.ng plasma oestrone and oestradiol levels. Béird |
and Guovera (19569) then showed that, unllke premenopausal wqmen, |
quentitatively the dominant wnconjugated oestrogen circulating in . -
posﬁenopms& women was oestrone. This mportanﬁ'obs‘ervatiop‘. has
' s:-..ncebeen confirred by many other workers, who havg usually employed :
~ saturation anzlysis techniques. However, the mean plasma qés’g.rdne' '
~concentration in the various studies has ranged from 2.2 '+ 1.L(SD) |
ng/& (n=13) reported by Nagai end I.ongcope (1971) to 7.1 * 247 ng/dl
(m=6) by Baird and Guevera (1969). A wide range of mean plasma oestradj.ol
concentrations-in women after the menopause has also been reported:
from 0.5 + 0.36 ng/dl (n=13) feported byvl\légai 'and Ldngcope (1971) B
%0 3.7 + 4.3 ng/dl (u=11) by Campbell et al.(1976). As the standard
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deviation of the means is often large, ﬁhere mu#t be a large
variation in the 1eve;!.s for postmenofmls&_'l. women. In ‘manﬁr sméies
the mean plasma oestrone or oestradiol conc;entratiéns have bﬁen |
dete_mined in random blood samples obtained from only a few women.
whose menopause usually occurred a variable number of years |
 previously and/or ﬁhose weight may have been variable. The design
of this study attempts to obviate poasible variables wﬁich might .
influence the mean qestrogen concentration.
~ One reason for measuring plasma androstenedione and: testosterone

leveis in this study was to determine if a deﬁ.ciency of these
androgens resulted from primary ovarian failure,'iespeciél;y .'
because peripheral conversion of androsténedioné’may acccun‘é‘ Zor |
&1 plasma oestrone-after the menopause (Grodin et al., 1973), and
also because testosterone is sometines prescribed to postmenopansal
women for 'menopausal symptoms' attributed to ovarian failure :
(Stadd et al., 1976). Abvahem (197) has calculsted thet the mean
'ccnmbuﬁcn.of;bhe premenopsusal ovary to the peripheral levels
of androstenedtans and testosterons wers 30% and 50% respectively.
" Ovarian venous effluent studies in preneﬁoéméal_ women u;idettal;qn .
by Horton et sl. (1966), Gandy and Peterson (1968), Kirschuer and
Jacobs (1571), Tloyd et al. (1971) and Weisz et al. (1973) have
demonstrated a significant gradient for these a.ndrog@ns ‘across
~ the ovary and similar gradients also occur after the menopaizse

‘ (Judd et ale., 197h)e A mid-cycle surge in the levels of
vandrostenedione and testosterone has been observed by I.obotslq'

‘et al.(196L), Lloyd et al. (1971), Abraham and Chalmakjian (1973),
Judd and Yen (1973), Abraham (1 974) and Barberia and momeycroft
(1 97h). However the evidence that the devalop:l.ng follicle is a
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signiﬁcant source of thesse plasma andrbgeus in premenopausal |

wﬁmen is conﬂict.ing because Dupon et al. (1973) éizd Valette .

et al. (1970) were unable to detect any alterationa in the levels
'during the owlatory cycle. Furthermore, Gandy a.nd Peterson (1968),
Grodin et al. (1973) and Greentlatt et al. (1976) have found that

the peripheral levels of androstenedione and testostemne in -
- postmenopausal women were not aigniﬁ.canﬂy di.fferent from levels R
in premenopausal ‘women, 'although a difference has been observed by
Vernenlen (1976) and Chakravartd et al. (1976). | |

Us:l.ng a modified Ascheim-Zondek tvest, Fluhmann and 2{nrphy

(1939) first found that an anterior rituitary hormone subatance
circulated in the blood of postménopansal women, -the levels being
.undetectable in prmenopansal women acept during pregnancy. 'I‘he o
- delicate interrelationships that exist between pituitary gonadotrophin
. production and,oestrogen production by the ovarian.follicle have
. howm, only been a;bprecia’ogdas-a result of ._thé developmept of
sensiﬁ.ve'bindnenicai 'techniques, ‘pa.rﬁ.cularly ra;.dio‘immnoassgy,” e
Zor debezming rlasma FSH and I concentrations. Compared with
levels in mnpausal women, levels of FSH and Id in poatmenopausal
women &re increased as a result of primary ova.rim failure (Odell et
al., 1967; Schalch et al., 1968; Jacobs-and MurTay, 1976). Altbaugh
the increase is probably a consequence of the loss of follicular
oestrogens, the increase‘ih FSH, which may occur a few yeai's before
the menopause (Sheman et al. s 1976); may altematively result -'

fron decreased ova.rj.an sem'etion of an inhibin—like substance, or a
change in the_ hypothalamic pituitary sensitivity to the feedback
effects of oestrogen (van Lock et‘fa.l.,m1976). ‘Recently Ien ot al.
(19723, 1972b) and Root et al. (1972) have demonstrated that in
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postmenopausal women the secration of gonadotrophins is, ‘as Aoc’curs
in premenopausal women, ‘epiSOdic. One ain 'o'f‘this ‘study was to
detemine 'l'.he exact relationshin between the prodnction of
-gonadotrophins and of oestrogens a.fte:r the menopa.use.

b) CONTRIBUTION OF THE FOSTMENOPAUSAL OVARY TO FLASMA STEROIDS

The objectife of this study was to examine the role of the

. postmenopausal ovary in the production ofj plaama oestrogens and
their androgend.c prehoménes after thé menopauses Preaemﬂ&,

nany gynaecologlsts regard the postmencpaussl ovary as functicnless,
I.a.rgely because no difference between posﬁnenopauﬁal and c#strafe ,
women in their rate of &cretion of oestrogens has been shom
(acmde, 1957; Bllbrook et al.,1957, 1958; Brown et al., 1959, ,

© Gallagher et al., 196u Poliak et al., 1971; Procope and Advercreutz,
1973; Rome et al., 1973, 1977 and Grattorola et 81-, 1974). HOVGVSI’
Saverd-et al. (1965), Rice and-Savard (1966), Flotz et al. (1967),,
¥attingly and E:zmg (1969), Bernan et al. (1973) and Wog-tman ot al,
~ (1975) have shown that ovarien t1ssue obtained from pﬁ_stmempansal' ‘
mﬁnen can syzthesise androgens, particularly andi'ogtqngdiqne and

' +estosterone, Srom acétate, “but ;‘éan-only synthesise o'estrpg_eg_s.;:l.n -
linited amomnts. A significant contribution to plasma sndrogen
but not cestrogen concentrations has also been suggested frpﬁ‘the
results of ovarian gradient studies (Judd ‘et'al§, 1974), and or »
dexametnasone snppressioﬁ studies : (Vem'meull..an_,‘ 1976). | Grodinet ale
(1973) have calculated that one third of plasma androstenedione;v:_l.n
postméﬁopausal women is dexrived from the ovazﬁ'; ‘ﬁhe remaining 13".‘9',
thi}ds being secreted by the adrenzal éor'bex. Howéver, :!.f.andrpgens
formed in the ovarien stroma contribute significantly to oestrogen
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o 'p‘rocmctipn by thei:.' aromatization to‘ oeatrogensk in a:tré._gonadﬂ
sites, as suggested by MacDonald et a.l‘. (1 967 );, ‘then gynaeéolog}.sts N
might need to reconsider their policy of perfoming prophylactic
ovariectonw at the time of hysterectomy for non-mﬂ.ignan‘b disease ;
in postmenopausal women, eapecially as the r:!.sk of dervelopi.ng
ovarisn cancer at this age is less than 1 % (cooke, 1976)e

c) OON'.IRIKI’I‘IOE OF THE ATRENAL COR’]EK T0_PLASMA STEROIDS

ﬂuhnann (1936) found similar amounts of. oeatrogens in the blood
-of castrate and postmenopausal women, and Parkes (1937) subsequently
‘suggested that the adrenal cortex was the major source of 'Qes'ﬁbgen
4n postmenopeusal vomen. In adrenalectonised, o&aﬁectomiéed
 women, -oestrogen excretion is unmeasurable (Weat at al., 1956 ).
dmejdninistr&ﬁ.an of adrenocorbicotrophin (ACTH) strikingly
-increases .the-en.'.cretion of oestrogens in ova.ﬁ.ectomised ‘women
(Strong et al., 1956 West et al., 1957; Sendbere ot al., 1957
Prown-et al., ;°“9 and Barlow et al., 1969). However, in in vitro

- studies, t!.amﬁron the adrenal cortex has been shown o synf.hesise
_androgens but not oestrogens from acetate (Goweé and Fotherby, 1975 ).‘
Furthermore in a s'bady of the concenﬁ'étio:ks of androgens and
oestrogens in the adrenal venous effluent of a pdsmenopansal woman
Batxd et al.,(1969) showed that the adrenal secretion was predominantly’
of androstenedione, and direct secretion of testos‘berone, oestrone
andvoestradiol was a relati.vely insigniﬁ.cant scurce of these plasma
~ steroids. The aim of this study was to investigate the precise i'ole
of the adrenal cortex, and particularly its ma;jor trophic stimlus,
ACTH, in the production of plasma oest.rogens a.fta: the menopauee. |
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a) Exmommmm FRODUGTION OF PLASMA OESTROGENS -

I:bctraglandular production of oestrogens from androgens was
ﬁ.rst demonstrated by West et al. (1956) who detected oestrone |
| and oestradiol-ﬂ? :m the urine of two ovariec’comised, |
adremlectomised women a.fte:r the adnﬂ.nistra.tion of testosterone
rroprionate. MacDonald et al. (1967) showed from their isotoprl.c
.:Lnfasion studies that the aromatisation of androsteoedione at |
extraglanduler sites nay be sufficient o account for all urinary
oestrone production after the menopanso. Grodin et al. (1973:) |
- subsequently showed that plasma. oestronaiwas derived only by the
 peripheral aromatisstion of androstensdione. Figure 1.l shows
the peripheral interconversiona and oromatd.sotiono of plasma
‘androgens and cestrogens as determined by Iongcope et al. (1969) f |
. The transfer constants are the fractions of precursor converted o
to product in premenopsusal women. In’ addition, Glivo. et al. (1973)
- have detected sigiPicant aromatisation of testosterone to oestmne.

. Varoius tissues in the body have the enzymatlc capacity to ’
Anterconvert these sac-steroids (Ryan and BEngel, 1953, Siiteri et al.,
1972; Schwellert and Wilscn, 197h). Although aromatisation has
been dolons‘.:ra.‘aeiin brai.n (Natbolim et al., 1971 ), ha:l.r (Schwa:i.kert
et al., 1975), fibroblasts (Schweikert et al., 1976), muscle (Bates, -
1578, fat (Schindler et el., 1972; Bolt and Gobel, 1972) and liver |
(Smuk and Schwers, 1977), 1* :is generally agreed that the peripheral
~ aromatisation of androgens occurs predomina.nﬂy in adipose tissue
becanse of its relatively 1arge mass (Nimrod and Ryan, 1975). . tme
proportion of infused labe].led androstenedione aromatised to | o
‘oestrone correlates, in urinary conversion smdies, with body wed.ght -
 (Stiteri and MacDonald, 1973; Hemsell et al., 197l; Rizkallsh et al.,
'1975) and increased ammatisatioo occurs in oomen with v.endonotnai‘ :



Fizare 1.h. Peripheral interconversions of plasma
- androgens and oestrogens. The values showh are the
‘blood transfer constants ( [ijB) determined in
premenopausal. fenales by Longeope et al. (1968,

1969). -
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carcinoma (Siiteri and MacDonald, 1973; Hauslmeckb and Géfmsﬁerg;
1973) and in patients with cirrhosis (Gordon et al., 1975) and
hyperthyroidism (Southren et al., 197L). The aim of this aspect

of the study was to further examine the extraglanduler production
of plasma oestrogens after the menopause, and particdlarly; to
investigate possible factors regul#tin.; the aroﬁatis&ﬂog of

o rlasna androstenedione and testosterone to oestrone and oestradiol. -
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ii) 70 DETERE[NE THE BELATIONSHIP OF PLASMA OESTROGENS AND CLINICAL _

EFFECTS ATTRIBUTED TO OESTROGEN DEFIGIENCI. E

In the 19th century, the ovaries of young women were thoﬁ@,t
to influence other organs, and Tilt (1857, 1870) attributed 25
symptoms 'bo the disappearance of the 'ovarian aura' at the -
menopause: some of these symptoms such as piles, pseudo-narco‘l‘iém |

and chloro-anaenia are now known not to be due to direct effects |
of ovarian failure." '

It is now general‘ly recognised that primary ovarian :t‘a.ilure A

4s one direct effect of aging: the direct effects of ovar:!.an o
failure must therefore be differenti;ted from »thekother direct
effects of aging, as weli as coincidmtel disease anienvironnental
inﬂumce#. The 'dirgct effects of primary ovarian failure 'qre‘,' as
described previously, sterility and rednced cestrogen prdmctibn.

Symptoms and signs may be attributed on clinical grounds to
oestrogan da.ficisncy after the menopause if they also often occur

-after ovariectomy and if they -&lmost inyariably respond to ’o?;s_tajogen
treataent. The ain of this study was to relate plasna oestrogen

consentrations to effects, espectally clinicsl effects, sttributed
o osstrogen deftotency resulting from ovarian failure so that &
rational approschk to the prescription @f_postznenopmsal, oestrogen |
therapy might be 'dsvel'oped.k Presently, oestrogen deﬁciehcy that
results from ovarian failure is definitely known, on the clinical
gronnds ‘described above, to a.ffect the urogenital tract, the

vasomotor system and bone. ‘ , o o
1) Urogenital Tract Effects: The claséiq coﬁéeqnencg of bthe fall in
oestrogen prrodnction. that oécuzf.s after ovﬁ;jian"f‘ailure i_s atrophy

‘of the genital tract epithelium. " Amenorrhoea resuits‘from
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endometrial atrophy , which only rarely causes any other symptoms
or signs. Atrophy of the vaginal epithelium may cause superficial
dyspareunia '(deﬁned as superficial dryness and/or discomfoi't |

o during mt&rcourse) in about 20% of postmenopausal women (Ut.:!.an,

1972) and, in a few women, postmenopausal bleeding or discharge, due B

to a.trophic va.ginitis (Jeffcoate, 1975). Utian (1972) has shown |

~that snperﬁcial dyspareunia io one of only two symptons dem;toly’ ,

_‘ attributable during f.he climacteric to oeotrogenvdeﬁciency,}_ , s

‘sccording to the clinical criteria previously described. One aim

of this study was kto determine if there was a relationship betweeo :

‘superficial d&spareunia and plasna oestrogen concentrations. The

'-rela:'-:ion of superﬁcial dysparamia to postmenopansal oestrogen |

A.s;-ai‘-ns determined either biochemically or cybohormonally has not

-'boenprevionsly investigated. | AR

| After “the menopause, atrophy of the lower urinary tract also

foccnrs, and particularly of the dista.l urethra, which is der:l.vod,

' 14ke the vagina, from the urogenital sinus _(Zuckeman, _1?)40). '
‘However, cily a few pootmenopa:asal women devslop urgency, orgo, L
incontinence or frequency which v_- can. be attﬂbuﬁed__on clinical
gromnds to cestrogen deficlency (Smith, 19765 Campbell et al.,

1976). '

Cybohomal tests of oestrogen ‘status such as the karyopylmotic -

index, namation index and m-j.na.ry sediment smear depend, like the
original mm-noiay test, on an o'estrogen-_induced proliferation of |
a.trophio lower nrogenital tfact epithel;tuo. De Waard and Tni_jaoen‘
(1970) and Procope ond Al ercreutz (1973) have found a positive
correlation of the ur:l.nary excretion of oestrogens after the .

menopause and the oestrogen effect on the vaginal smear. However
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Dove et al. (1971) and Stone et al. (1975) were ﬁnabie to find a
correlation of maturation indices and urinary or total plesma
oestrogens respectively in postmenopausal women. Inde‘ed ma.ny' |
clinicians therefore consider that cy‘bohormonal determinations are .
‘of no value in the management of postmenopausal women (Hammond, .
1977). A further aim of this study was to determine the relatioo
.between plasaa oestrogen oonoentrations and the cytohormonal ) L
status of posmenopmsal women. o |

2) Vasomotor Effects Flushes sweats and perspirations were once
considered to be separate diseases of the 'change of 1ife! (nIt,
-1870) but Maranon (1929) subsequen‘hly attributed all these
‘episodic smuons to vasomotor instabﬂd.ty. : Not all posmenopmsel
women develop these vasomotor symptoms, which may be distressing
(Monmpson et al., 1973). The exact nature and cause of flushes
and/or sweats are preéeotly obscure- but most workers, ‘with the
notahle ezcegtion of Hulley and Mitchell (1976), believe that

. &..tered oestirogen- prodnction during the climacteric is somehow

irvived in their pathogenesis. It is uncommon »for these symptoms
o persist fwm than 10 years after the mwopause (Thompson -
et al., 1973) and unlike superficisl dyspsreunia they are "

. therefore regarded as a symptom only of the climacte:ric, and not |
of the senium. Bowever, urine or plasma oestrogen levels, ‘or
cytohorzﬁona’i. patterns do not correlate with the occurrence 5: :
#aaomo#or symptoms after the menopause (Ioung.ot al., 1957; Dove

| et al., 1971; Stone et ai., 1:975;‘Jones .et 'al.,‘ 1976; Chepman

et al., 1976; Campbell et al., 1976; Abe et al., 1977). The
aln of this study was to determine 1f thers vas auy relationshlp
betweeh the occurrence of vasomotor sympﬁoms and plasma oestrogens

after the menopause.
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| 3) Effects on Bone: Albright et al.(1940) first postulated that
osteoporosis in old age éould result frbm the éariier 1635 of
the follicﬁlar sburce of oestrogéns in ovarian failure. Although
- all postmenopausal women are, compared with premenopausal womm,
deficient :Ln oestrogen, only some women develop symptomatic or -
radiological osteoporosis: these women hava an accelerated loss
 of bone compared with the loss by normal women (Marshall and
| Hordin, 197%), more strophy of the skin (KcKcnkey et al., 1963), |
. ‘axillary hair follicles (Smith, 1967) and lower urocenital tract |
'.(Gallagher et al., 1973). Although Riggs et al. (M?B) éid not
_detect a difference in plasma oestrogen levels, Harshall et ale.
(1577) found lower mean plasma »oestrone (a.nd and:-ostmedione) |
levels in osteoporotic postmenopausal or'ovaziectomised_ wq‘inen, '
then in sppropristely matched controls. Further definition of
 the exact relation between postmepopausél»osteopoi'é’s‘i-s, which
has:a considsrabie morbidity -and mortality ’('Gord"an, 1977), and
-plasma cestrogen levels 1s required, especially because the
_-rrophylactic rals of;pdsmenopauaaloestrogen therapy, and
particulariy the dose which just prevents 6steopdro§is has yet’
to be determined. However, the relation of plasna cestrogens
and the eﬁects of ovarian failure on bone has not been
explored in this investigation. | |
L) Other Effects Attributed to Postmenopansal Qestrogen Deﬁciency:f

Many other effects have been attr:l.buted to the loss of the '
follicnlar source of plasma oestrogens after the mexmpause
(mppeman et al. s 1953, Campbell and Whitehead, 19765 Oram and
C.‘za.‘in'amti, 19753 Studd et al,, 1976). However, on the
clinical grounds previously descri.bed, Utia.n (19728., 1972b, 1975)
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: .fouﬁd that only superficial dys‘paremnie. a.nd flushes cpul_d ‘be
aﬁtribuﬁed to bestrogen deficiency during the climacteric; all
 other syaptons such as loss of 1ibido, mood changes, irrjtability ...
| and depression were not due to oestroéén def:!.cieﬁcy. Campbell' |
et al. (19?6) also found in a study of climacteric postmenopausal
women with varlous symptoms that oestrogen deﬁciency was
significantly (p {0.01) more effective than placebo in relierving
only vaginal dryness and flushes: howsver, insomnia could also

be relieved by oestrogen therapy if it was associatgd with ﬂushea
or sweats. D : o

Skin-fold thiclm‘ess‘ can be correlated with the cyhohomomi

status of postmenopausal womenk'(Nordin, 1978). | Further studles
4in postmenopausal women are however necessai'y to disti.nguish |
the effects of oesirogen deficiency from the éffects of age,.
other diseases and environmental influences before— oestrogen
' therapy sheuld be advocated for the relief of complicat-ions

other than those-described above.
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141) T0 DETERMINE THE EFFECTS OF FOSTMENOPAUSAL OESTROGEN THERAPY
ON_PLASMA OESTROGENS. | |

In 1889, Brown-Séquard described some remarkable éffects of
the self~administration of besticular extracts on intellect, and
‘muscular, excretory and de.faecatoi'y powers, and he postulated that
‘.i.ndections of ovarian extracts in old women 'would act like
‘testieular extracts in old menf. In 1893 he stated fof the ovaric
liquid, I vill only say that it acts ﬂith less power than the
orchitic uquid?.. However, 60 §1d wonen in Paris have dérived o
‘benefit from its action according to an American lady ph,v_sician, |
| w-s Brown. It would be importent to meke nge of that special
l:!.quid in cases of removal of both ovari;es; or of diseése having -
destroyed them'. The prescription of oestrogen, the principle
ingredient in fovaric liquid!, is now.common treatnent for many
women after the menopause or ovariectomy, and is pﬁpularlyﬁbemed : :
| harmone Teplacement therapy' (ERT). The usual concept implicit
An the texm ERT is the prescription of oestrogens to repair the
major endcme dea....ciency resulting ;E‘rom ovarian failure or
mrariectm- is implies in biochemical terms, correcting the
markedly lower plasma oestradiol levels in postme»z;opausalv ’ .
‘wenen to levels t‘x:at normally 'circﬁlate in premenopausal women.
An alternative concept of HRT is the prescription of oestrogens

specifically for the relief of complications prom to result e
frouv oestrogen deficlency in postmenopausal woiaen. Cne aim pf
this stady was to relate the biochemical effects of postmenopausal
oestrogen therapy to current concepts oi‘ HRT. . ‘ |

Wilson and Wilson (1 963) have advocated oestrogen therapy

for all women after the menopause. Howevezf most clinicians have .
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adopted a more conservative approach, _prescribiﬁg 'oesti'ogexi to ) ,b
relieve or prevent complications defini tely attributable to
-oestrogen kdeﬁciency after the nenopause, in the 1owest dese | |
, »that jest relieves or prevents these complications. However
" this dose of ‘oestrogen is usually detea:'mihed on an empirgcal
~basis. The usual doses of oral therapy that have been found
%o relieve specific climacteric symptoms v(i.e. superficial
' djepa.reunia and/or ﬂuehee) or prevent osﬁeoporosis are 3mg :
of piperazine ocestrone sulphate, 2mg of oestradiol valerate,
i.25mg of conjugated equine oestrogens, 25 pe of eth:!.nyl
cestradicl or 25 pg of mestrancl (Utian, 19725 Altken et al.,
1973; 'Campbell et ‘al;, 1’975' CGordan, 1975‘ Galiagher and
Fordin, 1975; Jones ‘et al., 1976; Iindsay et a:l.., 1976 and
‘Marshall and Nordin, 1976, 1977). These doses of postmenopmsal
. -oestrogen theravy maj, however, be assoclated with.‘an increased
thrombogenic risk because they alter some bloed clotting factors
(Coope et al., 1975; Notelovitz, 1976). More importantly
howsver, in a rrospective emdy'it wasg found that 36_% of women
- prescribed ihese doses ‘of oestrogen. &eveloﬁed endometrial |
hyperplasia . .o (Whitehead and Campbell, 1978). The
| 6-8 £old incresse in the incidence of endometriel carcinoma
ir women prescribed postaenopeusal oestrogen therapy (Ziel and |
Finkle, 19755 Smith et al., 1975, MacDonald et al., 1977 and

by 212\ and Finkle(1316)
Gray et al., 1977), has been att buted \specifically to an-
- increase in the plasma'oestrone levels because‘moe_t of these
- women were taking conjugated equine oestregens,' a mixture of-v; 5
cestrogens containing 50% oeetrone sulphate (Sfeéﬁaniéﬁvﬁ%,ﬂ_?é); .
' However Yen et al. (1975) have shown that plasma oestrone levels in |
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postmenopausal women increase ﬁarkedlj after the .orél administrafion
of oestradiol. One aim of this study was to cc‘mpyare the effects on
plasma oestrone and oestradiol_concentrations‘ of oestrogen' .
|  preparations containing either oestrone or oestradiol. Prepé.ratiohs .
containing other oestrogens such as equilin, ethinyl oestradiol or
mestrancl were not studied because they consist of oestrogens which
do not supplement biochemically the unconjugsted plasma qestro:;e‘ -
and oestr#diol produéed from adrenal and ové.riaﬁ éonrcés. ‘Moreover, '
they cannot be detected in the raﬁomassays for o‘estx‘-one and |
. _oestradiol. ! B s
| In contrast to the effects of oral oestradlol, the vaginal
“administration bf oestradioi (Rigg ot al. s 1978) or .im"pl_a‘nts of
' -oestradiol. (‘ .Stﬁddl. et al., 1977) ‘preferenti'aily :t_.nci'ease V ‘
-plasma oestradiol rather than. oestione co’ncen‘bra*bions‘. A further
-8im of this study was to determine the effects of different routes
of administretion of oestrogen' on plasma oestrone ‘and oestradiol
concentrations after the mmopause, especially t‘ca‘dét_efmirie the '
intenela:ionshig between oestradiol, the more biolégicalljr .pote_nf,
cdrculating cesirogen (Fothafby, 1976), a:_:f.d oéstrbﬁe, ‘which Siiterti
et al., 197L) have hypothesised is a possibl'e‘em‘iometrial br breaét

carcinogen in some genetically predisposed ﬁomen.
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4c) GENERAL CRITIQUE or THE STUDY Mzmonomez

This study assessed the oestrogen status of ‘women after the |
menopause by deterrmining the unconjugated plasma oestrogen
concmtrations, rather than by measur.’mg excretion rates or by
cybohormonal techniques because, classically ,'bhe fdose'! of
oestrogens in the blood is’ directly related to the blological
 response. The determinatioﬁ of the eu:ci'e'tion rai:e is only an
indirect measure of oestrogen status beca.use there is mensive
peripheral metabolism of unconjugated plasma oestrogens,
par*bicti!.arly in the gut and liver, before thm excretion in the
urine: some of the important pathways in the metabolism of cestrone |
and oestradicl, the majorvnnconjugated oeétrogéns circulating in
' ",pgstmenopansal -meti, are shown in Figure 1.5 . vFurthemore,_ as |
described previously, the reliability ofkcybohdmxlo_nal techniques
in assessing ocestrogen status has not yet been widely accepted. -

‘In many Hdochemical studies'of- plasma ertrogens after ‘l;hé
memopause, the cestrogen determined is the—-m‘.of oestrone and
cestradicl. 4s described previously, these intercomvertitle
pestrogens have &ifferent biological potencies and separate E
pathways of peripheral production, at least in younger women. .

« ﬁxedisﬁm’don between the plasma concentfations ‘of oestrone

and of oestradicl was however possible in this study by
employiy;g:gpedﬁc antisera in the radioimmunoassays thus, -

- possible differmces in the clinical effects and methods of production _
 of unconjugated plasma oestrone and oestradiql were able to be
accurately}inv}estikgated. | ' | | )

Aithough only unconjugated oestrogens wéi'e determined in this
study, conjugated oéstﬁgéns also circulate in the blood. However

4 .



Figure 1.5. Hajor metabolic pathways of piasma oestrone

and oestradial (from Adlfercreutz s 197h).
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being conjugated, they probably have no biological activity

(Hawldns and Oszkey, 1974). Quantitatively, the congugate oestrone
sulphate is the major clrmﬂ.ating oestrogen‘ in young women '

(Loriaux et al., 1971; Hawiins and Oakey, 197k), and although
originally regarded as an 6estrogen excretory pzrodnct (McKenna

et al., 1961), it is now thought to have a vital role in the
,physi.olcgy and metabolism of the biologically active uncomjngated
Plasma oestrogens (Fishma.n et al., 1969). .All circulating oeatrone '
: sulphate is probably derived from unconjugated plasma oestrone and - |
“cestradiol (Rnder et al., 1972); significant peripheral inter-
conversion between the conjugated and unconjugated cestrogens also
- occurs (Longcope, 1972). Furthermore, and in contrést to the
unconjugated plasma oesirogens, plasma. oestrone sulphate has a

long half-life of sbout four hours (Twombley and Levitz, 1960- L
Ruder-et al., 1972 ), and a large volume of distrib'ation (Longcope,
- 1972; Ruder et 'al.,,_1972‘ ). For all ﬁhgse reasc?ns_,v. plasma oestrone
sulphste may be iaportant in the metabolisn of, and particulsrly ss
& scurce of, mmn:;ngatedplasma oestrone a.nd oes’tra@iol.{ Bowever, K
vestrone sulzbate was not examined in this study of plasma oestrogens
e_t‘:er*the mencpause becsuse- the uechxrlque i'or detemining its plasma
‘concentration was not ava.ilable, ‘being- more complicated and time
consuming than the radioimmnoassay technique used for Ada_temiqing :
- the unconjugated plasma qés_ﬁrqne and voes‘t:a.diol coﬁcéntrationsf

The biob_gical activity of nnc‘:on;)uga-tgd plasma Oestrqﬁé ‘and

cestradicl depends only on the unbound fraction (Anderson, 157h). .
© Gestrone circulates loosely bound to albumin whereas oestradiol is
bound with higher affinity to sex-hormone-binding globulin (SHEG)
whose rate of production is dep_ehdent, intér alia, on circulating
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oestrogén levels (Anderson, 1 97h). Becanéé of the loss of the
| follicular source of plasma oestrogens after ovarian fallure, “

‘the wnbound fraction 61‘ oestradiocl, but not oestrone, is slightly |
“higher in postmenopausal women than in premeﬁopanéal women (Table 1.1).
However, - b‘eéause changes in plasma albumin or SHBEG cohcentrations .
occur over several days, the proportionb of oestrone and oestradiol
that is unbound is constant, and thus the't@tal;ﬁncondugatea'w‘ |

cestrogen ‘concentrations détemﬁned'in this stndy are directly |

: vrelated to thea.muunt of oestrogeﬁ available to ,efrectv a résﬁonéé.

 The plasna concentration of cestrogen is directly rélate?d to
"Ehe total amount of the unconjﬁgated oestrogen be:lng prodnced mm »
gll sources, and is inversely related to the meta‘bolic clea.rance
lrate of the oestrogm, according to the classic equation- v

Flasma concentration Total Pro@ction Rate
of Qestrogen — > Cp = PRE € of Qestrogen :

M(BE(\ Metabolic Clearance Rate
of oestrogen a

In postmenopanssl wﬁmm, the —.plasma-x:oestrogen lervel is di:ecﬂy
. related Yo the-sum of the rates.of four possiblé methods of .
1) direct sscretion by the stroma of the ’posmmpausal ovary ‘
2) &rect secretion by the adrenaLcortex ‘ |
; 3) peripheral prodnction fron plasma androgens and plasma
con;}ngates such as oestrone sulphate '
L) release into the circulation of cestrogens stored
. extravascularly, such as in fat (Tuombley et al., 1957).
However, the plasma level also depends inversely on the metabolic
clearance rate which is the sum of the clearance fates of unconjugated
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Table 1.1. Ranges of the unbound fraction of oestrone and oestradiol
in premenopausal women (during the follicular phase of the menstrual

cycle) and inpostmenopausal women determined by equilibrium dialysis
- using 1:5 diluted plasma. (Adapted from Hutton et al., 1978).

Per cent unbound in plasma :

- Qestrone | oestfad_j.bl o
Premenopsusal  8.0-12.0 3.0-5.7 .
hoh"602

Postmenopansal /7.0-13.0
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oestrogens by all the tissues and organs in the body as blood flows -
through them. The particular clearance rate of oestrogen :!.n an organ.
or tissue is a product of the organ or tissue blood flow and the
"ea:traction' that is the fraction of uncon;jugated oestrogen tha.t is
 irreversibly metabolised (Tait, 1963). ‘.’[hus°-

o Each organ/tissue Blood
HCHE =

Flow x Extraction by each organ

In this study of plasma oestrogens_ after the menopause{. fdctors

known to affect moté.bolic cleé:;ance rates of ooétrogen, such as
posfu.re (Flood ot al., 1973) were kept constant wherever possibie,

end thus, the production rate of oestrogens was able to be stucﬂ.ed
directly. ' , | _

The cont:ihxftion of the postmenopausal ova:& to. plasma. oestrogex;

ané--—androgen preduction after the menopause has proviously been | |
investigaﬁed by gradient techniques, and pre- and *jlaost-ovarioc‘bomi

| studies. However, the conclusions of gradient studies, :ln which
oovarian vein. s:eroid concentrations were compared with per:lpheral |
vedn conceniraiicns, made no allowance for the ova.rian vein blood

| ﬂ.ow (which clinically is low. after the menopause), nor possible "

.im;ezfermce of the sampling. method sd.th the ovaria.n secretion of

 steroids. Pre and post-ovariectony studies in which periphersl

- steroid concentraﬁons‘immediately before ovariectony are oompared
to post-ovariectomy levels make no allowance for the possibility

: that the stress of an operation night interfere with steroid
prodnction and metabolism. Furthermore, neither method of s’cud;r

has allowed for possible spontaneous fluctuations in steroid

levels. For all these reasonsA, further studies are reqtiired

to determine the exact role of the postmenopausal ovary in plasma
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steroid production after the menopause.
The Tole of the adrensl cortex; end particularly ACTH, in the |
production of plasma oestrogens after the menopaﬁse has been d'educed
| from studies of urine, and venous grad.*!.'emts" (whose values and
limitations have just been described) and of ACTH suppression and
o st_.imulation studies. This last xﬁ_eﬁhod has been particularly valuable
in exploring the regulatory role of ACTH in the production of plasma
'oestrogens and androgens, but only results from a few blood samples
have prerviously been reported, and therefore the dynamics of the
‘pz-oduction has not been resolved. By suppressing AC'I.‘E secretion
with dmethasone treatment for different per:lods and infusing,
rather than injecting , ACTH,attempts wers nade to confirm the :
conc]:usionscf the previous studies and slso to explore the ‘dynan':ics '
of :the -adrensl contribution to androgen and 6e$£roge’n pi‘odnctioﬁ
~after the nmenopause. , | . ‘ | .
Muck ‘of m’mderstanding of the prochétioh and netabolism of

p.asma oestrogens after the menopause has been gleaned from in vivo
: :.scm st‘adtw ‘The administration of labeJJ.ed tra.cers does not
'ﬁsturb en&gms aes'brogen ‘production and ha.s uha'efore been a
“pazticnlarlyvalnahle me'l;hod:of studye. .However some of the cqpcepts
‘such as the i.n‘:ercmversioi of oestrone, oémadiol and oestrone
sulphate,have developed from studies in men, young women and e
postaenopausal women with 'brea.st or endometrisal carcinoma.
 Farther stadies in normal postmenopausal womem are therefore necessary
because oestrogen product:l.on and metabolism changes in relation to
sex and age (Iongcope et aley 1968 Siiteri and. MacDonald, 1973),
and nay be abmormal in women with breast or endometrial carcinoma
(Siiteri et al., 1974). The results of isotopic.‘ ":Ini‘nsion ‘s.tudies



- L8 -

have usually required that steady-state conditions apply (i.e. ‘the
anount of non-isotopic steroid in the system is éssu.med to- be
constan'c, and the rate of entry of a steroid into a particuler :
pool is equal to its rate of exit (Baird et al., 1969) Equilibrium
conditions, especially with oestrogens in postmenopausal vomen, may
. however not always be obtained, even after geveral hours of :l.nfusion
. (Pearlman et al., 1969; Hembree et al., 1969). TIherefore, other
forms of study, such as by the infusion of 'cold! (npn—isbtopic)
steroids as employed in this study are necessaiy to further examine
the dynamics of plasma oestrogen prodnction and metabolisnm, especi.ally
in the phase before equilibriun is achieved. ' |
‘The recent development of the radioimmmoassay technique ot
g saturation ane.lyeis has resulted in the concgntratipna of plas;n_a
- steroid and gonadotrophin concentrations -being _éasily band accurately :
deternined in just a few millilitres of blood. Thus, intensive
‘glasm&hoxmnsmﬁles, which are pictures of severa.i homo't},e's’
de’cemined in maxy blood samples, ha.ve been. developed. Hdrmone
‘grofile teczm‘.cm are often complementary to in vivo 1sotopi~. _
technigues buti do not have a radiation risk to the subjects who
are gtudied, In ohis study, intensive homone profile techniques
um‘:-e‘fanployed to examine the production ande 3 metabolism of oestrogens
after the msnopause,. . | ' | ‘

» It is now well known that plasma concentrations of many hormones_ ‘
vary thronghout the day because the production of these hompnes_ does
not occur at a steady rate: thus the accurate determination of the
mean plasma hormone level rgqnires’ several:blood Sampies to be e
obf.ained throﬁghout the day. In most previoﬁs_ studies of oést:ogen |

production after the menopause, the steroid hormone concentrations
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hsve been determined in random blood sarnpies bui;,j Vermeulen (1974)
and Campbell et all. (1976) obtained blood samples at four end two
| hour intervals respectively, and thus showed tha{: plasma steroid
hormone concentrations in postmenopausal womee also varied »
throughout the day. In this smﬁ, nany bloéd samples were
obtained so that the endocrine status of women after the menopsuse
could 'be accurately detemined by intensive hormone profile :
techniques. | |
The half-time for the disappearance from ‘the blocd of a.'Ll

uneonjugated steroids 1s less than 90 mimites and therefore o
fluctuations in plasma levels 'bhat result *’rom ‘episodic production
can only be detemined if a frequent blood sampling schedule, such
as every 20-30 ainites, is employed. Weitzman et al._ (1966) first
’_ -employed such & technique of frequent sampling and thus showed
that cortisol secretion by the adrenal was episodic. Subsequenﬁ
_stadies have since demonstrated that the diurmel a.nd ep%.sodic s
_.lsee:tetion by the adrenal of cortisol, a unique adrenal product,

and of ‘androstenedione are both regulated by ACTH (Berson and
Yalow, 1‘963:; .&nbr',..dge et .ai., 1973). .Fluctﬁeﬁonsin ,°‘{"rt5,~5°;:
'Tewel's can therefore be regarded,as ‘reﬂectiﬁg' ACTH stﬁm:la‘tion
‘of the adrenal. Episodic, but not diurna.l, production of other-
hormones important to this study (oestrone, oestradiol, testosta:one
FSH and LE) has also been demonstrated in men by these intensiv_'e
hormone profile technigﬁes (Yen et al., k1972;' Alford et al., '1'?73; ’
~ de Tacerdatet al.}, 1973; ‘Bodenheimer et al., 1973; West et al.,

1973 and Leymarie et al., »V1497h‘). This study employed similar
sampling techniques to detemine it the production of steroids

in postmenopausal women was also episodic. F\zrthemore, the _~
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adrenal, ovarian and extraglandular production and metabolism of
- oestrogens after the menopause were aiso studied by examining ‘the
interrelationships of the hormone concentrations in the intensive

plasma profiles.
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‘D) METHODS
(1) cmucu.

The geneu:-al details of the patie.nts sbudied, the sampling a.nd
infusion techniques and the drugs administered are described heres
ot.hér details are specified in sxlbsequent‘,ségtion‘s "a.s‘ appropﬁ.ate. :
. The approval of the St. Mary's Hospital Ethical cbmitteé was. |
‘obtained prior to the commencement of the study. o

Patientr A1l patients recruited to tbis study were a.ttend:!.ng
-or. referred elther to the menopause clinic beqause-'}or cli;nacteu:-ic
symptoms, or to the gynaecologlcél clinic for consultations or:
postoperative follow-up checks. ‘Except where :spec‘::l.ﬁed,v gbne of
' the patlents had a hornione dependent 'bumcmr or had taken dmgs or |
hormene Preparations for at least four months rrior to the study.
The- :mdividnal ciinical details are- ..nclnded together with all o
the blochemical results for each patient in the appsndix: clinical )
-»deta:!ls;“cf the various groups»of women studied are speciﬂed in the.
*y*:!elemt secﬁ::ns. The non-ovariectomised women, whose ages rangedk
Zrom 19-62 years, were considered postmenopansa’l. beca.use they had |
- a history of amrhoea,forat least O.l years (mean 2.8; range -
0.2;—7.0) and at the time of recruitment, the:!.r plasma gonadotrophin
J.GVEJ.B were raised into the range found in primary ovarian fallure “
(Jacobs and Hnr"ay, 1976).

After a Ml disscussion of the aims of the study and the .

nmethods employed, patients who consented to inclusion ;!.n the
research project were adnﬂ.tted to hospital for ﬁoimbne profiie
stadies at times that were convenien'b to them. In the first ha.'li'
of the study, patients were admitted 'bo the Sama.ritan Hospital
but subsequently they were adnitted to the metabolic ward at
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Ste Mary's Hospital where the mursing siaff assisted in eofllecting
the blood samples. In patients prescrioed glucocovr’cicoid. or‘ 'k
oestrogen therapy as outpatients, the sampling began shortly after A
‘ their admission, whereas the sampling i.n the other women began a.fter ‘
several hours rest (usually overnight) in hospital. Except for A
tollet requirencuts, the women rested in bed where their posture
. was usﬁany but not elways, recumbent. The patients had their
meals at about 0800, 1200 and 1730 hours with light refreshments
at about 0630, 1430 and 2000 hours.

Sampling technique: Materials used in obtaining ‘the blood
.‘samples are detaﬂed in Appendix I., In the inten’sive hormone

profile studles, a cenmila with a three-way stopcock attached,
 was introduced into a forearn vein immediately prior to the
comnencenent of sampling. After withdrawing and discarding the
first 1ml, Sml blood samples were obtained a.t 20-30 minute
intervals. The cenmula was flushed with 1-2 ml of hepa.rinised
- saline (100 in/ml) so that it would not become obstructed by a

ciot. After mzhzzg in_heparinised tubes- 'l_;he blood samples we_re
-caxtrifa.‘ged &t 3,000 rpm for five mimutes, The flasms was then
-separated using Pesteur pipettes _and stored at ~20°C in labelled
tabes unt:’l required for assay.

Infusion procedure: The materials and drugs used Ifor the

infusion studies ave described in Appendix II. Fhysiologleal .
amounts of the hormonee were infueed in acid or protei.n |
solutions (to prevent their e.dsorption to glase) over a six

hour period. The amount of tetracosactrin infused wes determined
as the lowest dose rate which evoked e maximal adrenal response,
1.e. 3pe/hr (Landon et al., 1964). The amount of steroid
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infused in the six hours ﬁas épproxima;bely the mean .da:!ly production
rate for postmenopausal women: this was calculated as- the product of
the mean plasma steroid concentrations (a.s de‘oermined from the
results in the normal pqstmenopausail. and ova:iectomised vomen from
whom blood samples had been obtained every 20 minutes for 2L hours)
‘and the metabolic clearance rate (usihg.- values in the literature "rsi o
obt#inéd by isotdpié techniques). All values used in ca.lculating
-~ the amount of steroid infused in this stucv are shown in Table 1.2
Stock ethanolic solutions of each steroid hormone were ’ |

»yrepared at an appropriate dilution from wed.ghed a.mounts’of
powdered steroid, and stored at 4°C.  Immediately prior to each
~infusion,a 50xl solution of the hormones to be 1nfused was |
'prepared aseptically in ster:L‘Le glassware a.nd, after thorough
-mixing, drawm inoto a syringe. This syringe was thm attached to

an electrically driven pump and the solution delivered at a consta:_zt
-rate-of S.7ml/ar. A scalp-vein needle was ‘thez; f‘introduced‘.intébar. ‘
-vein on the dorsm of the hand or arm of the opposite limb from
shich the blood samples were being obtained. During the six hour
infoston, the patients were alw'ajé supine, but food was not ususlly
| withheld.
Infusion s’mlutions( , o
Tetracosactrin: 22.5ug (0.1ml) was mixed witi: 50ml of acidified

saline and thus, when infused, the rate was 3pa/hr.
Androsténedione: 1.9 ml of an ethanolic sblution of androsteme- :

dione (Img/ml) was mixed with 8.1ml of normal saline which was
then added to LOml of an albmnin solution: thus, the infused
rate was 0.25mg/hr. | |
Androstenedione and cortiscl: 1.5ml of the stock solution of




Table 1.2. Values used for determining the amount of steroid to be infused and the total amounts actually
infused. The mean plasma concentrations were determined from f;he results of intensive hormone profile

studies in normal postmenopausal and ovar.i,ectomised women of similar age and weight to the infusion subjects. :

Steroid - Hean plasma

‘ Concentration
Androstenedionq_: 82 ng/dl
| /Testost’erone | 32 ng/dl
Cortisol v 8 }lg/ da
Cestracicl 3.7 nga
Oestréne A o | 5.5 ng/dl.

Melabolic

I/day

1850
760
200

1400

2200

C{Léaranca

reference

Abrahan et al., 1969
Gower, 1975a.

Gower, 1975

Iongcope et al., 1968

Longcope et al., 1978

Calculated Daily
Production Rate .

2).;_0.0 pe

16.0 mg

52.0 pe.

121.0 pe

Actual amount

Infused (6hr)

1.5 mg

290.0 pg
' 15.9 ng

'_60.0 pe

 120.0 pg

_1'(5_.
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androstenedione was mixed with 1.5ml oi‘ cortisol (10mg/ml)

and 6,1ml of normal saline ’oefore adding to LOnml of the -

albumin solution: the infusion rates of androstenedione
 and cortisol were therefore 0.25 mg/hr and 2.5mg/hr

re_spéctively.

Testosterone: 1.2ml of stock solution (0u3mg/ml) were
nixed with 8.8ml of saline and then added to LOnl of the

- albumin sqlution:so that the infusion rate was L8pg/hr.
Oestradiol: 0.75ml of stock solution of oestradiol o
(10Cug/ml) was mixed with 9.25ml of saiine and then added ’_
to LOml of albumin: the infusion rate was théi'efqre' 1Gug/hr.
Oestrone: 1.5ml of the oestrone stock' solution was mixed
with 8.5m1 of seline and LOml of albumin, so that the
infusion rate was Zf?Ag/hr

(2) LABORATORY | ) :

The plesma. concentrati.ons of all hormones studied were determined
by saturasion analysis techniques developed and establighed‘:_.n_ -
E e:?.ther the Dez:azment of Chemical 'Patholdgy under the éupervisién
of Professor V.H.T. James or the Department of Obstetrics and |
Gynsscology under the supervision of Dr. H.S. Jacob's and Dr. M.AF.
Muarray.  The principles of the techniques of saturation analysis v
and ;radioimmnoasséy have been well revie%ed by Eid.ns and Newman
(1570) and others. Radioimmunoassay is a quick 'a.nd.inexpensive
method of reliatly determining the concentration of hormones in
many samples using only minute amount.s of plasma. ﬁxe radioimﬁno
- assay method for detemining the plasma. concentrations of oestradiol-
: 17P _is fully described below because all the detgzmin_ations in this

study were performed by the author. R&dibimmrioaésay methods for -
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- determining the plasma concentrai:ions 'o: the ‘other hormones are ’
described only briefly because they were necessa‘.ﬁly perfomed
by other persons using materials, methods ’a.nd iziStruments' whieh
were often similar to those employed in the oestradiol assay.

In this study the hormone concentra.tions from one woman were '
| always determined in a single assay, but when yi;he value of a
- concentration in a single sample was doubted, the value was |

confirmed by repeeting the detemination in a sﬁbsequent assay.v ,

Oestradiol Radioi_nummoassaz

 The materials, radiolabelled oestradj.ol solutions and the
-methods of sample storage, solvent. evaporation, centriﬁxgation, )
mixing, shaking and incubation, and of the preparation of the o
selatin.b'a.ffer, charcoal suspension, toluene scintillant and»
glassware are described in Appendix ITI. o |

Assay method: The assay method was developed- by . 'H.l.F_'.k |
Marray based on that deserdbed by Hotchklss, Atkinson and Kaobil
v(197? j. The vclume-of plasme samples, irater ble.nksvand plasma
pocls employed-in 't:his assay was O.7ml when very 1ow levels of -
" oestradicl we:e—a:rhicipated, such as in the dexamethasone
suppression studies; otherwise O.Sml. of plasma was employ_e_dt -
 This volume was pipetted inmto 6nl stoppered tﬁbeg; after which
50}:_ (about 1,000 cpm) of 3H--oes radiol recovery solution was
added for the later correction of extraction losses. v ‘This volume‘
of recovery fluid was also added to three countihg | \?Lials and,
after evaporation, 10ml of toluene scint:illant and 100)\11 of
gelatin buffer were added so that the total recovery counts o
could be determined. After gentle mi:d.ng of the recovery fluid
and the plasma samples, and ten minutes incubation, Sml of
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diethyl-ether was added to each tube, a fresh bdttle of ether
being opened for each assay. The samples were then extracted |
by shaking for 15 minutes after which the tubes ‘were lefﬁ fbr
several yminut‘es to allow separation of the pla.sina. and solvent :
| layers. - The plasnia layer was then frozen by placing the tubes
in a mixture of. dry-ice and acetone. " The ’solvént layer was |
then poured off into another set of tubes. The ethereal
soiution was evaporated and redissolired in hOO):l of the gelatin -
assay buffer: 200}11 of this ea:tracfo was then taken for the assay,
-and a further 10()11 was added to counting phials containing 10ml
of the scintillant for correcting for the losses during the
| 'ext:raction. ,
Tubes containing 0,5',10,20,30,50,100 and 150pg of oestfadiol-
‘17B were prepared from an ethanolic solution of oestradiol ‘(1pg/}11) ;
-in triplicate (together with total count tubes) for the : standard
curve.. 20;:1 of recovery fluid was added to each tube for the ’
standsrd curve, and the soluf.ion was then evaporated and rediséolved
;nzoo,:largelatmmrer. o |
100pl of the sntiserum solution was the:n added to the 20911 |
-selutions in the assay and standard curve nh;bes. - This antiserum
 was kindly supplied by Dr. G. Knaggs: it had been prepared by
injecting emmlisified oestradiol-i 7p-6-keto—bov:}.ne serum albumin
ccn:jnga‘ae(m’epared by the method of»Erlaxige»z"‘ et al., 1957) into_ |
a goat (no. 510). The pla.sma obtained on 17th Jamary, 197h was
ﬁ'eated as described by Exley et al. (1 971) and then diluted
121 00 in the gelatin buffer. 200ul a.l:!.quots were then stored at
-20°C until required for the assay. The antiserum had bée;x serially
diluted and the % binding of LOpg of” ’3H-oés£radiol was determined o
over the range 1 :l4,000-1 :16,000; the concez;tration selectéd o
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[¢ ¥10,000) bound 40-50% of the labelled oestraaiol. After gentlo‘
mixing, the tubes containing the antiserum were incubated at room
temperature for 30 minutes. ‘Then 10011 of radioactive bufi’er B ‘
(10,000 cpm; approx. LOpg 3H—oes‘oradio‘.!.),'wex'e added, and the tubes |
aén gently mixed. After a further 30 minute :Lﬁcubation bperi(:od,
the tubes were transferred to pre-cooled containers in a cold
tray. 1ml of a refrigerated ‘charcoal suspension was  then added

to 211 tubes, except the total count tubes to which iml of gelatin
buffer was added. After thorough mixing, all t_ubes were ieri in
the cold tray for 15 mimites and then transferrsd to cooled |
centrifuge carriers and centrifuged. at 3,000 rpm for 3 minutes

et 4°C. The supernatant, containing the a.ntibody—bound 1a.belled
hormone, was then decanted directly into counti_ng phials ‘that
‘contained 10zl of the toluene-scintillant. A.fter» shald.ng: for 10
| minutes, the phiels were counted for 10 minutes or to 10,000

counts whichever occurred the sconer.

Calenlztions: The standard -curve was constructed by plotting ‘j
the time to reach ‘!0,000 cou.nts as a function of the mass of | ‘
‘ 'tmlabe]lea cestradiol. This gave a straight line as shown in
Eigure 1.6 . The values forn'bhe.essa»y samples were then visualiy
~ interpolated. By correcting for extraction losees, ‘the plasma :
concentration in pg/ml was determined for each sample by using
tne equatvion: ' ;

' pg/assay tube

concentration o= x K
recovery (cpm)

where the correction factor K = :~

nean total recovery counts (cpm) x volume of recovery extract (}11) v

volume of sample (ml) x volume of assay extract (pl) ‘
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Relisbility criteria: The relisbility criteria for the -

oestradiol assays performed by the author were: |

1)

3i)

,17)

Recovery: The mean recovery of JH-cestradiol added to
50 plasma eaexples per assay; and in LO assajs was 82 ':._ 7 (SD)%.'
Standard curve: A typical stahderd curve is shown in Figure 1.6
where each point represents the mean of replicates. , ’me slope
(y) of the standard curves in the study as. determined |
graphically ranged from 1.1-1 h When the b:l.nding of hOpg ,
of JH-oestradicl was( 30%, as soxnet:.mes occurred in warm
weather, the assay was rejectede = | | | | |
Accuracy: The closeness of measurements to the true value
was determined by adding k:aown 10—50pg amounts of standard
oestradicl to water e.nd ether extracted plasme (Mayes and

‘Nugent, 1570), and the amount recovered by the usual assay
‘method was within 10% of the theoretical ve.lue. me plasma

concentraiions of four samples in the range S-hOng/dl_ were
alsov.deteminec by mass seectrometxv by the Tenovus Institnte,
Cardif?: the values of all 'sa.mples( detemined by fedioix’munb-
eseey ‘were 15-17% lower than f‘ahcse determined by mass
Precision: The variation of replicate estimates was determined

by the :m.ter-assay and intra-assay varie.tions of oestradiol

‘concentrations of plasma pools (Table 1.3).

t:.v:.g Good sensitivity was vital in this study,
especially because many of the values calculated in the assays

rangzed between 0-10pg/tube. Two stendard deviations of the

per cent free above the 5pg standard could always be

distinguished from two standard deviations below thet of the



Figure 1.6. Typical standard curve of oestradiol in

the range 0 -150 pg. | c -
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Table 1.3, Precision: the results of replicate estimations of

oestradiol in plasma pools from males and females.

Mean results

‘ng/dlL + SD are given. CV = coefficient of variation, n = the
mumber of analyses. ‘ s

‘ onolb

Male 1
Male 2
Female 1

Female 2

Intra-assay
variation

3.9 +0.32

8.0 + 0.61

22,3+ 1.68

7.7 v

7.5 16

Inter-assay
variation

4.8 + 0.61

16.3 + 1.80

7.0 + 0.81

CV n
A
12.6  33
1.1 L3
__11.5 16
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zero standard. When sensitivity was determined according
to the method ef Midgley et al. (1969), the smallest '
amount that differed significantly from zero,when
calculated graphically from the standard curve by taking
_sta.ndard deviations from replicate zero estimations, was
usually 2pg/tube, and was never more tha.n hpg/ tube: after |
correction for the mean percentage recovery of the assay :
- system, and the original volume, the limit of sensitivity
of the method’ was usually ing/dl, and never more than 2ng/dl. | |
Vi) Specificity: The specificity of the 6-keto-BSA antiserun |
‘had been previously determined by Dr. Murray: the cross‘
reactions of the antiserum with all steroids in 'eoz‘npetition
with oestradiol-1 7B, including con:)uga.tes were all less v
“than 13, and were often undetectable when celculs.ted by the
method of Abraham (1969). 1In the assays vperfomed by the
author, distilled water blanks were undetectable except on
four occasions vhen water blanks gave values}j o5ng/dl - |
these assays were rejected. Flasma from genadectomised; |
adrenalectomised subjects was net available for assay. '.Ihe: :
oestiradiocl concentration of plasma extracts. which were
chromatographed on paper'wereaidemtical to tho_se determin'ed‘
withoute chromatographic step (Hn.rray,k 1975). Finally, the
plasma oestradiol levels in dally hlood samples obtained :from |
a )40 year old woman who had a 2 day menstrual cycle (Figure
1.7) are comparable to those reported by others using similar
techniques (D.xfa:u et al., 1970 Abraham et al., 1970- B;i.beirob |
et al., 1974 and Sherman et a1., 1976).
It was concluded from the experiments described above thet the



Bigure 1.7. Plasma oestradiol concentrations in daily

blood samples from a L0 year old woman during one’

menstrual cycle.
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plasma oeétradiol-ﬂ 713 concentrations in postmenopausal women to be
described, were determined w:lth acceptable reliabﬂity. |

Cortisol, Androstenedione, Testosterone and Oestrone radio:lmnmnoassays ‘

The plasma concentrations of these steroids were determined by
| (Tawes et al, 1971 Reed et al,1219; Goodall et-al, 1914).
radioinnmmoassay techniques using speciﬁ.c antisera.,‘ In the assays,
the cross-reactivity of each steroid with other steroids known to

_ circulate in detectable quantities in humans, was always (1.0%

except for W3- )“ddnoxg androstenedione witk androsk-eneehone.( o

Brief details of the methods are shown in Table 1.4. The recovery

of oestrone during the extraction procedure was 81 + 8(SD)% a.nd in
each sample this was corrected by the addit* on of an internal standard.
‘Ihe‘reliability criteria for**a'.ll these 'steroid a’ssays were also
a.cceotable for this study of plasma oestrogens after the menopause.

- FSH and LB Racﬁ.oimmunoassay"

Vo

Plasma PSE and LH concentrations were determined using specific
antisera 'provio.ed by Dr. W.D. Odell and reference preparations FSH
(68/39) and LE (68/40) provided by the National Institue for Biological
Standards emd Control of the United Kingdom (Jacobs -and Lawton,197h). R |
The: normal *ange of concentrations in premenopausal women are 5-50
: };g/n.for E.’SH and Q.S—Z.QJQL “for 1H. In'postmenopeusel women, the ’
levels »are increased by a factor of about five; bt.hus, in this study
the amount oi’ n.asma used for determining the eoncentration was -
one-fifth that normally used, so that the values fell in a |
satisfactory par‘b of the standard curve. The. intra.-assay and inter-
assay coefflcients of variation were 5% and 10% respectively for
FSH, and 6% and 10% respectively for LH. Other reliability criteria
nere found on testing to aleo be ecceptable for this ‘smdy of pl_asma

oestrogene after the menopause.



Table 1.4. Drief details of the raclioimmunoqssay techniques used for the determination of plasma cortisol,

androstenedione, testosterone and oestrone concentrations,
albunin, * = nid-follicular phagse of the ovulatory cycle.

Steroid Assayed

Coxftisol
Androstenedione

Testosterone‘

, Oestrone

Extraction
Solvent

Dichloroethane 21 -hemisuccinaté

Hexane:other

Benzene @

~ Pet, ether

Hexane:ether

Antigen

7-BSA

6- (0~carbaxy)

, 11 -hemisuccinate

2

Antiserun
Source

This
laboratory

Dr W. Shopman
(Rotterda.m)

Miles Reséarch

Products

Ir D. E!Cley .
(U.K.) !

-

Limit of ,
Sensitivity Intra Inter

1pe/d 5.0 5.0
‘25 ng/@ 3.2" 10.8
10 hg/dl : 7.'0: 10.0

wa s 1

 Assay CV %

CV = coefficient of variation, BSA = bovine serum

Normal Rangé

premenopausal

2-15}13/&'

20 -250 ng/dl

15 - 7O ng/dl |

#6 - 12 ng/dl

_59..
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(3) STATISTICAL N
Mean values in the text are usually coﬁpled with the standard
deviation (SD) and the n vaiue. When the standard error of ‘the ‘
vmea.n' (SEM) is employed, this is clearly stated. |
The signi'fiéance of differences betﬁreén groups was analysed by
the Student's t-test when. the values weré hozﬁa.'!ly distributed (by |
variance ratio testiﬁg about the mean) ;’ whex; the valu'e‘s_ﬂwezv-e ngt .
nornally distributed about the mean, the statistical significance
| of groﬁp diﬁ‘erénces was determined by the Hann-ﬁhitney U tesﬁ;
The probability (p) values expressed in the text were obtained f,fom |
standard reference tables. _
‘When the degree of correlation was determined, Pea.rsonv's '
| ‘corr.elat:ton coefficient test was employed'ﬁheﬁ fhe values weré :
nornally distributed and the r and p values presented, when the
- values were not normally distributed, Spearman's rank correlation
coefficient test was used and T,he and p values glven. Confidence -
1limits in regression figures were placed'at two k‘standa:r& erroi's of ;

the estimate (S. = sd_ 1 -x° )
7 g
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PART 2

: Suma:y: The purpose of these physi.ologic#ﬂ. studies of

| | plasma oéstrogens after the mencpéuse have

__been-describe'd in Part 1. In Pa:t_"z, the
investigation of the plasma hormone status of
postmenopausal women is described first. |
Subsequently, studies of the contributions of |
the postmenopausal ovary and adrenal cortex
‘to plasma steroid concentratioﬁs, an;i the
role of extraglandular t:l‘.ssues‘ in ocestrogen
production are described. |
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Part 2 a) THE PLASMA HOP&IONAL STATUS' OF POSTMENOPAUSAL WOMEN

As described in Part 1, the plasma steroid concentrations
in all previous studies have been detex‘miried in single, or only
~a few blood samples obtained from a small nmnber of women of
varying age; whose weight and height have not usually been speciﬁ.ed.
Allowances for possible fluctuations in hormone levels during the
day have not usually been made and :Lnterrelationships between the
various plasma hormone levels have not been examined in de‘ba:ll
In this study, the hormone profile techniques previously described
were employed to determine accurafely plé.sma hormone conceﬁtrations
in normal postmenopausal women who were. %g;xgleai welght for their
age a.nd height, and who were within a few years of the menopause.
The objective was to determine as accurately as possible the hormonal |
deficiencies resulting from cvarian faiiure. The production of |
oestrogéns after the menopause was -aléo investigéted by examining
interrelsationsnips of plasma oestrogen concentifatidns ﬁith the »
plasma—-;ccncmt:a:ticns of androgenié prehorn;ones -and gonadotrophj.c :
hermones. | o

After an overnight rest in hospital, four women (Subject nos.
1,2,3 & }}) whose ménopause had occurred 3-5 years earlier, were |
studied by obtaining blood samples ever:y' 20 minutes for 24 hours
beginning at 080Ch. FSH, LH, oestrone, oestradiol, testosterone,
af.ndrosteneaioz;e and cort;sol‘ concentrations were determined in all |
these samples. Two of the women “(Subjeci': nos.. 1 & 2) had been |
.feferred to'the menopause clinic whereas the ofherl two women had
been éttendj_ng the gynaecological clinic. Subject no. L had an

| asymptomatic carcinoma-in-situ of the cervix that was incompletely
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excised by cone biopsy. Two days after the study, total ebdominatl.
hysterectomy and bilateral‘ ‘ovariectomy was perfoi'med. No”.primordial
follicles were identified in any of the many histological sections
which were prepared of the ovaries- (Anderson, 1978).

In a further 12 postmenopausal women (Subject nos. 5-1 6) who
: had amenorrhoee for 0 h—8 O years, blood samples were collected
every 20 or 30 nimtes for be'bween h-zh hours. Plasma testosterone,
oestrone and oestradiol concentrations were determined in these |
f samples. The sampling occurred at different times of the day and
the plasma levels of cortisol and androstenedione were not measured
because of the.diurnal rhythm in the secretion of these stero:.ds.

The compleue clinical and sampling details of the 16 postmenopausal‘
women-are given in Appendix IV. Their ’_mean age was 52.L + 3.7 (sp)
years and the mean dira'bion of amenorrhoea was 2.9‘ + 2.0 (Sp) years;
- The women whose mean weight was 59.3 + 6.1 (sD) Kg“‘were all within
122 of their ideal welght for their height and age (Gelgy, 1970).

The hemoner'profiles of the four posﬁnenopansel vomen from
whom hlood samples were obtained every 20 mimutes for 2h hours
.a:&shown in Flgures 2.1, 2.2,.2.3 & 2.4, and their mean homone ‘
ccncentrations in Table 2.1. Flasma cortisol levels in‘the four’
women- showed the expected diurnal rhythm with peak values at ebont
0800k and the nadir at about 240Ch. In two women (Subject nos. 1
& 2, Figures 2.1 and 2.2 respectively) there were also marked. .
increases in the levels at abouu 1300h which, in one woman (Subaect
no. 2), was associated with an episode of vomiting. : Androstenedione -
concentrations were, like thoée of corf.isoi, within the range'seen -

in premenopausal women and, in each case, the pattern also was



Pigure 2.1. TFlasma steroid and gonadotrophin
concentratisrs in blood sampleé obtained évéry 20
minutes for 2 hours from & postmenopausal ﬁomén'_
(Sb.bjec‘l‘; No. §).
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Figure 2.2, Flasma steroid and gonadotrophin -
.concentrations in blood samples obtained every}
20 mimutes for 2L hours from & postmenopausal "
WomaR (Sﬁbject Ne. 2). |
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Figure 2.3. Flasma steroid and gonadotrop_iﬁ.n
concentrations in blood samples obtalned every
.20 mimtes for 2l hours from a rostmenopausal -

“waman (Su‘njambﬁc, 3).
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Pigure 2.1. Plasma steroid and gonadotrophin
concentrations in blood samples obtained every

-20 minutes- qu 2} hours from a postmenopamsal‘
‘woman (Subject Ho. L). '
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Table 2, 1. Mean + 8D of plnama hormone conomtrationa detemlned in 72 blood samples obtalned every

20 minutes for 2l hours from four postmenopausal women (Subject Nos. 1

‘women (Sub;ject Nos. 17 & 18).

NO

o
18

_—
pe/d

94 + 5.5
11.8 + 9.1
76 + 3.9

7.3 + hat

54535

6.2 + 1.3

© 18 + 642

A N B »
ng/dl ng/dl ng/ln
- 66,0 28,0 25.3 bk 641 212
120.5 + 346 L7.8 + 6.5 7.3 + 2.0
64.0 21,0 26,2 # k1 b6 £ 2.0
9'3.8':_ 51.9 32,9 + 6.4 6.l * 3.2
48.6 + 17.9 L6 + 1.0

wh

241 + 0.9
2,5 + 0.9

55 r1.2

3.4 b 1-&

130 214k
49 +1.0

IH
pe/L

35.0 + 6.1

23.5 + 5.1
.2 .2
2941 £ 5.9
28,7 + 4.3

1=l4) and two ovariectomised

FSH
pe/t

468.7 + 114.8

50906 _'_"_ ."3609,
131.2 + 125.2

6680.3 + 145.3

50144 + 9.1
- L402.9 + 89.9
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similar to that of cortisol. -No diumel rhythm was detected for
any of the other hormones. Flasma testoster‘one:coné’entrations
were also within the nomai premenopéusal range a.nd sho’wed only
slight fluctuations throughout the 2l hour sampling period.
| Flasma oestradiol levels showed episodic ﬂucvtua.tionls‘ which
were not obviously aésociated with ﬂuctudions of any of the other
hormones. The mean oestradiol concentration for the 24 hour
sampling period was 3.2 + 1 5 (sp) ng/dl which is- equivalent ‘bo
the concentration in premenopausal women in the very early o »
follicular phase of the ovulatory cycle. Compared with oestradiol,
plasma cestrone iefvels -appeared to show more marked ﬂuctﬁations ,
which were not tempofally associated with thqse Qf the ofhef
hormones and particularly of androstenedione.. The mean ‘oestron'e
~ concentration in the four women - 5.6 + 1.h (sD) nc,/dl - was
similar to early to mid-~follicular phase 1evels in premenopausal
Women.- ; , - L ‘
 Flasma FSE and LH levels also fluctuated markecﬂ.y during the
2L, homr samnling neﬁ.od. The ﬁ.uctuations were not temporally |
 associated with Zlnctustions in the levels of auy of the steroid
hormenes. The mean- concentrat:.ons of “FSH and IH were 522 + 102 (SD)
pg/L and 32.5 + 7.k (SD) pe/L. respectively. |
The hormone concentrations in the profiles of the other 12
- women studied were similar ‘to those described above, and in : |
pa.z'ticular ﬁhe independent ‘ﬂuctu;tions. of the plasma oeétfadiol,
oestrone a.rid testosterone concentratioﬁs were just as apparent
~ as those shown for Subject nos. 1<} in Figures 2.1-2.4. To essess
the possible effecﬁ that ﬂuciuations in plasnma 'hormoxie 1évels:_

might have had on the measurement of hormonal stafus, the accuracies
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of different sampling procedxzres in estimating oestrone, ‘oestra‘di.ol _
and testosterone status of the 16 postmexiopausal women were
determined. | | | _

_ Figures 2.5 and 2.6 show,‘that the error in the prediction of
the mean pla'.smab oest:ogen concentrations from the concentr,ations'
in the first blood sample are 2.8 ng/dl and 1.8 ng/dl for oestrone v
and oestradioi’ respécti#ely; within their respective ranges of AR
1.5-8.5 ng/dl and 1.5-5.5 ng/dl. In six of 16 women in this study,
the sampling period was only four hours, during which nine biood
-samples were obtained. The accuracy of the méan oestrone and
‘oestradicl concentrations determined in nine blood samples in -
| predicting the mean level in many more samples ‘was determiﬁed from _
“the-correlaticns of mean oestrbnerand O§stradiol concentrations in |
theiother 10 women, as shown in Figures 2.7 and é.B respectively.
In these 10 women, the possible error (withih the '95% confidence |

- 14mits) in the prediction of the mean level in 2,-72 blood samples |
‘from the mean level in the first nine blood sa'mples‘was 1.5 ng/dl
-and 0.6 -ng/@. for oestrone and ‘oestra‘diél respectively. For the
- purposes of this sﬁndy, the error in the mean;oesti'yogen‘ ‘
| concentratians determined in at least nine blood samples was
ccnsidered acceptable, provided the ‘meahydestz"or‘x'e and oestradiol .
concentrations were above 3 ng/dl and 2 ng/dl'respect:‘i.vely.

Random fluctuations in the plasma testosterone levels in
Subject nos. 5-16 were also similar to ﬁhosé shown in Fj.gurés |
2.1-2.] for subjects nos. v‘l-h. As shoﬁ_ri in Figure 2.9, the
possible error (within the 95% cénﬁdgpge limits) in.the prediction
" of the mean concentrétion of testosterone for the sampling ﬁeriod,

from the concentration in the first blood sample was 11 ng/dlL.



Fig. 2.5. kCorrelation of plasma cestrone concentration in
initial blood sample (y axis) and mean value in 9-72 blood
samples (x axis) in 16 postmenopasusal women (@) to éhgw
“the possible error of a single oestrone detenuination in
predicting the mean plasx'na.' oestrone concmtraﬁon in blobd
samples cbtained every 20-30 minutes for L-2l ‘hour. The |
control limits (~--) are placed at two standard errors of,'
the estimate Sy from the regression line ¢ — ) for the
‘posimencpaussl wamen. The -o‘est,rone values (X) ’. épd the
regression line (~— - —) are also shown for 10

ovariectomissd women, . A
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Fig. 2.6. Correlation of plasma oestradiol concentration
in initial blood sample (y axis) end mesn value in 9-72
blood saxhples (x axis) in 16 postmenopausal women (@) to
show the possibie error of a single oestrédi_ol determination
in predicting the mean plasma oestradiol concentration in
blood samples obtained every 20-30 minutes for L-2l hours.
The control limits (-~-) are placed at two s'téi.xdard errors
»of the estimate Sy from the regression'line (--- Yy for -jhhe
postmenopausal women. The oestradiol values ()() and the
regression line .(- — ~) are also shown for 10

cvariectonised women.
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Fig. 2.7. Correlation of mean plasma ocestrone concentrations

in first 9 blood .samples (y axis) and mean concentration in
2L~72 blood samples (x a:ﬁs) in 10 postmenopé.ﬁsal women to
show the accuiacy of the mean level in 9 blood samples

' obtained every 20-30 minutes for 12-2L hours. The control
1imits (~--) are placed at two stendard errors‘ of the
estimate Sy from the regression line (—) for the poStj-
menopause;l WOmERN. The oestrone concentrationé (XS and
regressicn line (= — =) for 8 ovariectomised women are

2isc showr.
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Fig. 2.8. Correlation of mean plasma oestradiél
concentrations in the first 9 blood samples (y axis) and _ 
the mean concentrations in 2~72 blood samples (x axis)

in 10 postuenopausal women to show the aécuraé_y of the
mean oestradiol level determined in blood samples obtained
at 20-30 minute intervals for 3-L hours in predicting the
mean level in blﬁod samples obtained every 20-30 minutes
for 12-2L hours. The control limits (=~-) aré piacéd at’
two standard errors of tﬁe estinmate Sy frqm the regression
line (—) for the postmenopausal women. The cestrone
. concentrations {x) and regression line (= =~ ‘-'--—) for

8 ovariectomised women are also shown.
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Fig. 2.9. Correlation of plasma testosterqneiéoncentration
in initiél bloéd sample (y axis) and mean concentration in
9-T72 blood samples (x axis) in 16 postmenopéuéal women to
show the poséible error of a single “plasma testgsterone
concentration in 5predicting the mean plasma coiice’ntration ’
in blood samples obtained every 20-30 ﬁinutes for L-2h v
hours. The control limits (---) are placed at two standard
errors. of the estinmate Sy from the .regressi'ortx line (=)
for the postmenopausal women. The testosterone '
cencentrations (¢) and regression line (- k-——.-) are also

shown for 10 ovariectomised women.
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The normal levels and ranges of ﬁestosterone in the postmenopausal
women were howevef dotemined, as for oestrone and oestrédiol,
from the mean levels during the L-2l hour sampling periods.in 16
postmenopausal women. | | :
The mean concentrations of oestrone and oestradiol, and of |
testosterone in each of the 16 postmenopausal women are shown in
v Fignres 2.10 and 2.11 respectively. The mean :_ Sh concentrations
of oestrone, oestradiol’ and teStosterone concentrations in >t.he’se
. women were 5.0 + 1.7 ng/dl, 3.2 + 1.2 ng/dl and 37.1 * 154 ng/dl
rupectively. Values of the coefficient of correlation and 1evels
of significance of correlations- between oostrone,._ oestradiol a.nd
testosterone concentrations in each of the women, and also with |
the woman's age, weight and years since the menopause are shown |
-in-Tehle 2.2. The mean oestradiol.concentration of -each of the. '
16 postmenop&sal women correlated with the woman's weight (P{Q.001),
as-shown in Figure 2.12: no other correlations within the 1 % level
ofsimﬁcmme found. | L _
“The-ratioc of oestradiol to oestrone deta'minedb from mean
oestradicl and oestrone concentrations was 0.6l. mé pcssihle B
error (within 95% confidence limits) 4n the prediction of the
mean cestradicl: oestrone ratiof—-mring'o sanpling period, from
the ratic determined from the oestradiol and oestrone concentrations
in the first blood. sample was, however, 1.h; this error s nore
than double the actual ratio for women after the menopause and
results from independent fluctuations in the i)lasma oestrone and
oestradiol concentrotions. | . | .
DISCUSSION
Plasma Hormone Concmtrations

- Qestrogens : The ﬁ.ndings in this study have confimed the conclusions



Fig. 2.10. Mean plasma oestradiol and oestrone
concentrations in 16 postmenopausal (P.M.) and

10 ovariectomised (Ov.X.) women.
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Fig. 2.11. Mean testosterone concentrations in 16
postmenopausal (P.M.) and 10 ovarlectomised (Ov.x.)

‘wWomen.
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Table 2.2. Correlation coefficients between mean plasma oestrone,
oestradiol and testosterone concentrations of 16 postmenopausal -
women (Subject nos. 1-16) and between these hormone concentrations
and each woman's age, years since the menopause and weight.
Spearman's rank correlation coefficient was calculated for all
testosterone correlations as the mean testosterone values were not
normally distributed: otherwise the product moment correlation r
was determined. 3 denotes P { 0.05; % denotes P € 0.001.

' OESTRONE  OESTRADIOL  TESTOSTERONE

,61‘»3m0NE’ s o003 ~0.113
>'ommm10L_ 0.323 - '-Qqah}
TESTOSTERONE ~ -0.113 018, -
AR 4-0.1;72. ,’ 0.239 015
oSS STNCE 0,52l 0.110 0.212

MENOPAUSE

WEIGET 0.068 0.826%s%  0.518



Fig. 2.12. Correlations of body weight and mean plasma
oestradiol concentration in 16 normal 'postménopausal

women and 10 ovariectomised women.
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of other investigators that 'fhe ma;jorv circuiatixig hoﬁmone defi.ciencj ,
R ,resul‘b:!_ng fromn primary ova:c'ian failure was of oestrad::.ol, the mean
level of which was markedly below that observed in premenopausal
wonmen during the mid—fo]licular phase of the o’vulé.torﬁr c‘ycle.
However, the mean oestradiol concentrat:n.on of 3.2 ng/dL :Ln this

study was hn.gher than that reported by many investigators (Table 2.3). -

Urinary excretion and histologlcal studies by Procope and Aall,e.rcr_eutz.

(1973)'and Forleo (1973) have suggested*that some ovarian (probably R

‘follicular) secretion of oestrogen may occur in women for up to

five years after their memopause. Thus, the comparitively high 1evel
in this study may be attributable to contimied ovarian follicnlar
activity in.a proportion of the women who were all within a few
years of their menoﬁause. Ovarian secre‘:.ioﬁ of destrogené in ﬁomen
_after the mencpause is further discussed in Part 2 b. Alternatively,
the-high levels may have been due to methodological i’actors ‘such as
non~specific interference in the assay that only became importan‘b
in this study because the plasma oestradiol concentra.tions in the
postmmopmal Women were near the detectibn limits of the assay.
Subsequent to this study, the slope of the standa.rd curve has been
further steepened by halving the mass of iso‘bopica:l.ly labelled
oestradicl and using oestradiocl of higher specific activity.
However, the plasma oestradiol concentrations in postmenopéusal
women have still been found to be similar to fbhos'e determined in |
this Stucbr' further studies‘of the assay ‘techniqﬁe’ employed in

this study have only confirmed the rel:.ability cr:.teria described :
in Part 1 (James and Fern, 1978) f

Oestradiol levels of about 3 ng/dl have beer reported for
normal postmenopausal women by Dufau et al. (1970), England et al.



Table 2.3.

- NO.

AGE RANGE
IN . YEARS

70-89

L,8-60

70-89

- 70-90

58-81
50-82
57-69
LS-75
50-73
h1-67

. B1-85

52.3 (=)

- Lg-91

L8-58

L2-69

65 + 8 (m)
L3-62
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OESTRADIOL

ng/dl

1.3 + 0.5

1.5 + 0.8
2.5 + 1.1
0.7 £ 0.3
0.5 + 0.h
1.5 + 0.7
1.3 £ 0.5

‘3.3

1.5 + 0.7
1.3 + 0.1

1.1 + 0.5

2.0 + 0.6
3.4+ 2.5
2.0 + 0.5

1 oi‘. :‘_ 005

3.7
1.5
1.0 + 0.4

-—

a1+ 0.9
3.2 + 1.2

- OESTRONE

ng/dl

7.1 + 6.6

L.0 + 2.3

2.5 + 1.3
2.2 + 1.k

5.1 +0.9
3.8 + 1.

3.3 + 1.0

6.0 + 1.0
3.6 + 1.0

L.2 + 2.6

L. + 2.2
3.2 + 0.9

4.5

1.5

3.9 + 1.0

32 +1.8
5.0 + 1.7

AUTHORS

Mean + SD plasma oestradiol and oestrone concentrations -
~ reported for normal postmenopausal women.

Baird‘ & Gueiara, 1969 :
Korenman et al., 1969
Tulchinsky & Eorenmen,1970
Dufeu et al., '1970, -
I.ongcope, 1971
Nagai & Longcope, 1971

Saez et al., 1972
Rader et al., 1973

England et al., 197:;’

Judd et al., 1974
,Abraham and Maroulis, 1975 |

Judd et el., 1976

. Maroulis and Abraham, 1976
| Yen et al., 1976

Vermeulen, 1976
Somerville et al. s 1976
Campbell et al., 1976

Chakravarti et al., 1976

Reyes et al., 1977
Marshall et al;,_ 1977
Borkowski et al., 1977,‘
Present study

REFERENCE =
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' (197h), Yen et al. (1975) and Canpbell et al. (1976): the ages
of the women in the two former studies were not speéified but all
the poStménopausal women Studied by Yen et ’al. a.nd Campbell et a.i.
were, like the women in this study, within 10 years of thé menopause.
However Vermeulen (1976) and Chakravarti et al. (1976) found that
the mean plasma' oestradiol levels wéré 2.0 ng/dlL and 1,‘.)4 ng)dl |
'fespectively,in women of Similar age to those in tﬁis study. The
low levels of {1.5 ng/dL réported in SOmé studies ('.L‘able 2.3) inay .
have resulted from methodological techniques, such as the subtraction
‘of plasma blank values and/or the neglect of significant losses -
during extraction, that are different from those employed in this .
study.. | | | .
If oestradicl éirculating in postmenopau”sal women was de:ived
‘ almost-exclusively by the peripheral conversion of oestroﬁe, then, ,
-using the i;zean plasma oestrone concentration of 5 ng/dl found in
this study, t.he transfer constant of 0.06% for ‘the ‘convexjsion of
*:oesi:rmé to oestradiol repoited (inpremenoiﬁausal women) by
ZIongccﬁe et al. (1968) and the Ametabolic clearance rates of
| 1610.L/dsy and 10 L/day for oestrone and qestradiol respéctively
(a5 determined in ,postmehbpausal women by Longcope (1971) ), ‘the
. thecretical plasma cestradiol concentration would be 0.9 ng/dl.
Thig calculated value is below the sensitivity of all é.ssays
currently in use. By employing the pre“viou.ly described method
‘o.:. cs..culation and additional data of Ruder et al. (1 972) s Ollvo
et al. (1973) and Anderson et al. (1978), the peripheral conversion
| of/;c’ggégosggrﬁpﬁgeofan theoretically contribute 0.2 ng/dl and
0.6 ng/dl respectively to the plasma oestradiol concentrat:.on.

However, further investigations to determine the exac;t plasma
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cestradiol concentrations in normal postmenopausal wonen Vare
required because of the discrepancies in the repor'bed oestradiol
levels , and the possible inaccuracies in 'calculating the theoretical’
level from the results of iso'bopio studies. Howevof, pmﬁded

~ allowance hé,s beén made for all possible methodologicél errors,
compazisonsl of values within va subject or subjéc'bs are falid,

and indeed form the basis of the major conclusions of this study.

. In nearly all fhe studies, the standard deviation of the mean
'pl'a.sma oestradiol concentration of groups of subj eots has beon
large suggesting that the rango- of levels in postmenopausal women
‘has been wide. The possibility that the Weighf of the womén and/or
the sampling procedure employed may account for 'bhis wide range of
plLasma oestre.dioLlefvelsAdiscussed below. ‘ - A

~ This study has confirmed the findings in most otherw stﬁdieé
(Table 2.3) that oestrone, and not oestradiol,was ‘quantitatively
the dominant unccnjugé.ted oestrogen circulating in postmenopausal .
. women. The thecreticsl ‘value’ for the amount of plasma oestrone |
derived fram sndrostenedione (which Grodin eb él. (1_973) suggested
‘ was. qdantitatively the predohina.nt method of oestrone production |
,é.f‘:e:";the menopause) would be 5.0 ng/dl: this calculation e#zploys
data of Longcope et al. (1968, 1969) and Siiteri and MacDonald
| (‘! 973.). The mean plasma vestrone level of 5 ng/dl in this study
was. similar to the above theoretical value a.nd to that reported
by most other investigators (Table 2.3). 'I‘his mean plasma oestro_ne
 value was also similar to that seon dm'ing‘ the eaxfly to mid-
| : follicular phase of the olxmlatory'cycle in premenopausal women
and thérefore, the deficiency of circuloting oestrone that resulted
from primory ovarian failure was small in comparison with the |
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- deficiency of oestradiol that oceurs efter the‘ menopause.

| One concept of 'hormone replacement :thera.py' (*HRT') is ‘ﬁfze

: prescription of oestrogen to women who have -ovarian failure,with

the implied intent:lon of repairing biochemically the mé.jor hormonal

’deﬁ.ci.encies that have occurred. The results of this sﬁudy have

shown that the accurate ﬁﬂ.ﬁl;ment of the above concept requires
the prescribed oestrogen to increase the plssms. oestradiol“ |

: concentration muach more thao the plesrna oestrone concenﬁration;
However, studies descr:!.bed in Part 3 have shown that this biochemical
concept cannot be precisely fulfilled by the oral administration
of any of the oestrogen preparations _currently prescribed,as "mT"

 Judd et al. (1976) concluded that there was no ‘significant
correlation of the plasma oestrad:.ol or oestrone eoncentrat:.ons
with the welgh:“ of nine normal postmenopausal women. However, if
three women prescribed conjugated equine oestrogen therapy are
.ezcluded from the -analysis (because oestrone sulphate :m the m:lx‘bure

_may, after absorption,affect the plasma oestradiol concentration) . :

then recalcnistion of their data_gives a 'signiﬂcant correlation

(P£0.01) of the plasma oestradiol, but not oestrone, concentration

with the wedght of the women-. Although all the posﬁnenopaosal :

women in the present study weighed between 50 and 70 Kg and were

| within 122 of their ideal weight, the correlation of each woman's |

mean plasma oestradiol concentration with body weight was highly .

significant (PL0.001). Different weights of women may therefore

have acconoted in part for the varying le*eels and ranges reported

for the plasma. oe.stradiol, but not oestrone; concentrations in

- postmenopausal women (Table 2.3). However, the relationshlp of

plasma oestradiol concentrations to body weight., or more especielly
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to fat mass (in view of the afomatising potential of ad:i.posé :
 tissue (Schindler et al., 1972; Bolt and Gobel, 1972; Nimrod
and Ryan, 1975) ) rk'equires further study be'causekthere was no
correlation of the oestradiol concantratioﬁ. x-zifﬁh the weigh't'of‘k
.either ovariectomised womén (Part 2 b) or éosf;meﬁopausal women
who were not all of ideal weight (Vermeulen, 1978). | .
| In postmenopausal women the degree of éqﬁve?sioﬁ (_of
androstepedione to oestrone (andv hence the ‘promc‘tionvratve' oif ‘
oestrone) has been sh§wn to increase with body weight (Ma.cDohald
et al., in press). This finding has been supported by the
correlation of the plasma oestrone concentration and the body
weight of postznenopaﬁsal vomen reported by vermeulen (1978 ).
‘The failure to _cbsefve a similar correlation in the present
stady, &nd in that of Judd et al. (1976), may m_e occurred
"bécausé-all the women were about normal fweight ﬁhéfeas in the
studies by Vermeulen, and MacDonald, a proporbion of the women |
were grossly cbese and weighed more than 100 Kg. : ’ v |
No ccr:elation of the "plasma;oestrone goncentration‘ with

-‘ the-woman'ts age was found in this study. In a study by Hemsell
et al. (197L), the degrée' of; éoﬁversion of androsy‘l':enedione to
oestrone in premenopausal women was however, much lower than i
occuréed in older women. Also in their study, when all ‘women aged |
| ‘between 20-75 yeérs' were included in the analyéis, a Signiﬁcaht
correlation between the transfer _c:or.xstant" and age was obiained.’

_ The means and ranges of the ﬁlasma concehtré.tiéns of ocestrone
and oestradiol in this study were; incidentally, similar to those
that have been reported in men (Baird and Gu'eva.r,a,‘ 1969; Korenman

et al., 1969; Dufau et al., 1970; Nagai and Ibngcope, 19713 Saez
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et al., 1972; England et al., 197l; Hawkins and Oakey, 197h).
Although oestrogens in men and postmenobausal women are produced
predominantly by the.peripheral ‘conversion ‘of androgens, more |
detailed comparisons may be inaccurate Because of the cl*l.a‘.‘ferenc‘:e‘~
in the procmctioﬁ and metabolism of androstenedione anci, 'moreﬂ
importantly, of testosterone (Iongcope et al., 1959). |

Androgens: The mean plasma testoSterone coﬁceﬁtretion of 37 ng/dl
in the ‘postmenopausal womeﬁ in this study was s:!.miiar to conceotrations
7~'repor'bed in other studies of postmenopausal women and also of studies
in- nremenopausal wonen during the mid-follicular phase of the
ovulatory cycle- (I.obotsky ot al.; 1961;, Judd et al., 197h; Valette
et al., 1975; Abraham and Maroulis, 1975; Vermeulen, 1976
Greenhlatt et al., 1976; Campbell et al., 1976; Chakravarti et al.,
' 1976; James et al., 1976). These data have therefore provided ho
evidence of a testosterone deficiency resulting from ovarian failure
- “and-thus no physiological ’basis for the pfescription of testosterone
as 'homcne replacement therapy' to postmencﬁausel Women.. |
Plasma androstenedione concentrations in *Ehe homal post-

‘menopausal women studied by Grodin et al.(1973); Vermeulen (1978);
‘Greenblatt et al. '(1976) and Marshall et al. (1976, 1977) ranged
between 93 and 109 ng/dL whereas the- concentra’cions reported by
Abraham and Maroulis (1975); Ma:mnlis and Abraham (1976) and
Chaaamti et al. (1976) were only 51, 30 and 42 ng/di respectively.
In all these studies, the concentrations were determined in blood
samplés obtained between 0800 and 14,00 hours. Androstenedione and
cortisol concentrations ﬂuctuate with e. diurnal rhythm (as shown

in Figures 2.1-2.lL) and because their fespec'bive mean levels of
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186 + 27 (SD) ng/dl and 9.0 % 3.0 (SD) jg/dl were determined in
this study in blood samples 'obtaj_ned'over a 2l hour pei'iod from
only four wbmen,a comparison with thé levels in the Othexj studies
cannot be made. The 1evelé in 'thié study were, hoWefrer, comparable
té concentrations determined in this 1abora.‘bbry in blood samples
oHnined from premenopausal women (Tunbridge et 'al., » 1973). ' Thus
-1t seems that the adrenal cortex is the predbminah‘b source of |

- androstenedione. -

Gonadotrophins: Compared with concentrations in prémenopausal

women during the mid-follicular phase of the bmﬂatom c‘ycle,i the
plasma FSH and IH concentrations in the woﬁen in this studyéhowed |
the 5-10 fold increase that is diagnostic of prinary overian failure '
(gdeu et al., 1967; Schalch et al.; 1968; Jacobs and Murray, 1976 |
Gha.kravarti et al., 1976). The increase results from increased
pituitary secretion of FSH and LH because the ’ciearance of these
glyco;geptides is similar in pre- and,postmenoj:auéal women (Kohler
et al., 1968: Coble et al., 1969). The mean plasma concentraﬁion

. of gonadotropkins was, however, determined in only four of the 16 '
 women_in this study and therefore correletions of the gonadotrophin B
concentrations with each woman's mean plasina oestrogen ’or androgen

concentration were not investigated.

Hormone Patterns and Interrelationships

Cortisol end Androstenedione: In this study the pabterns of the
prlasma concentrations of only cortisol and androstenedione w§re

similar: both showed a diﬁi'nal rhythn with other pea.ks‘ovcc\m'ing
at the same times of the day. The peak in the andr'ostenediope
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and cortisol levels at 1300h in Subject no. 2 (Figure 2.2) was
associated with an episode of vomiting. The éortisol lévels and
patterns were otherwise simila.r to those :m the sleep studies of
Hellman et al. (1970); Weitzman et al. (1971); de Lacerda et al.

- (1973) and Czeiler et al. (1976) thus suggesting that the | |
sa.mpl:n.ng procednre did not usua:l.ly stress the subjects in this
study. The intensive hormone profiles also show that the early E

morning surge in the plasma levels of cortisol and androstenedione

between 01,00h and 080Ch was ‘composed of a series of peaks. Thus,

- -the conclusions of a study in younger subjects ’(Tunbridge et al.,

1973) that the adrenal secretion of androstyenedi.ovne and cortisol

- - was regulate& predominantly by -ACTH and;, i‘urthe:more,occurred
ﬁépisodicaj.ly(presumébly bécausé ACTH secretion itself bccurred
'k'episodicelly - Ereiger and Allen, 1975), a.re_‘ also applicable to

postmenopausal women. The calculation of accuraté daily blood
production rates of cortisol and androstenedione in postmenopmzsal‘f

_women thersfore demands the determination of accurate mean daily |

lasna concentrations which, as this study h;.; shown, requires
blood samples to be obtained at reguler intervals during the day.

Although most of the fluctuations in the plasma cortisol and

-androstenedione concentrations' occurred in parallel, there were A
occasionally isclated peaks either of cortisol, 61-‘ more comnionly
of androstenedione. These changes nay have resulted from |
’dii‘ferences in the mé’cabolic clearance r.a.tes, especially as in
a later study of an ovariectomised and ACTH-suppressed woman
(Part 2 d), marked fluctuations in the plasma. ’andros.tenedione, |
but not vcor't-isol, concentra.tibns occurz;edpduring a constant
infusion of these steroids. The occasional fluctuations of
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cortisol and androstenedione levels that v‘:ere asynchronous were
probably not due to ovarian stromal secretion because the .
phenomenon‘ also occesionally. occurred in ‘ovaxiectomised ﬁomen
(Part 2 b). 'Iheoretice.'liy, different biochemical types of ACTH,
d{fferent responses of the cells of the zona fe.seiculata and
zoryxaereticuiaris to ACTH and/or episodic prodoction ‘from’ otherv
plasma androgens could be possible. causes also. of this phenomenon

which requires clarification by further study.

Testosterone: The plasma concentrations of testosterone in the

hormone profiles were relatively constant (compared with
androstenecﬁ.one- and oestrone) throughout the day,. and most of
the fluctuations were within the error of the assay method. In
bthis study, thke pa.tberns of cortisol and testosterone concentrations ‘
were quite unlike and thus ACTH does not appear to regu.latev _ ’
testosterone production acutely. Baird et al.-'(‘! 969) . ' i shoﬁed
by adrenal vein catheterisation studies, that there? st bu;igniﬁcant :
mect secreticn by the. adrenal cortex of testosterone. : Isotopic
 studies havs suggested that the peripheral conversion of ﬁlasma’
- androstenedione may be a major source of plasma" testosterone in
'women (Hortea and Tait, 1‘966; Longcope e'bv al. ,v 1969; 011#0 et al.,
1573). In this study, the patterns of a.ﬁdroéﬁenedione and testo-
‘sterone concentrations were dissimilar, and the possible mechanisms
regulating the peripheral production of testosteione are therefore
unclear. | | | | ‘

The in yitro studies by Savard ot al. (1965), mce and Savard
(1966); Plotz et al. (1967); Mattingly and Huang (1969) and Berman
et al. (197%) have all shown that human ovarian stromal tissue can
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synthesise androstenedione and testosterone from acetate. Savard

et al. (1965) have also suggested that HCG may fégula‘o'e tﬁis _ |

production. Greenblatt et ai. (1976) and Vermeulen (1976) have
shown in vivo that HCG administration increases testosﬁerone‘

| production by the posﬁmeoopausal ovary. ihe results of this
study showed, | however, that any fluctuations in ﬁhé'plasma K

' tostos_terbné ooncentration were not associated with i‘lucm'ation‘s.
in the plasma levels of LH or, incidentally FSH. Tnerefore, |

‘ gonadotrophins probably do not acutely regulate the production

~of plasma androgens by the stroma of the postmenopausal ova.ry
There was no correlation of the mean plasma androge;x and |

' gonadotrophin concentrations in the four ﬁomen studied for 2)4 i

_hours Sut the-pos'si;bility that gonadotrophinskmay regxﬁate

.sndrogen secretion by the postmenopausal ovary in a more gradual
manner obviously requires further investigat:.on._ Androgen -

secreticn by the postmenopausal is discussed i‘urther in Part 2 b.

"_,.Gesbrone: The plasmé oestrone vconcentratioﬁs in mos’tk of tho

. profiles in this study showed marked fluctuations which 'were’ !
similar to those occurring in men (Leymarie et al.,b 197h)e
Because of the fluctuations , a single blood determination mé.y, .
é.s shown in Figure 2.5, be an inaccurate .és‘t:!_.mate of the plasma
cestrone concentration. However the »éstima.tiori of the oostrone B
status of womenv after the menopause, by detezﬁnﬁng the mean
concentration in about 10 blood samples vas i'easonab:.'l.y, accurate
for levels )B'hg/dl; mean levels (k3;ng/dl' wero; ‘however, oft'e'n"
quite inaccurate. The cause of this inaccuracy is unknown but |

may have been due to slight and variable interference in the
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assay by non-specific factors that Only'significantly affected
valﬁes near to the limits of sensitivity of the method. Becéuée

of the good reliability criterie of the oestronékassay (Part 1)

only slight fluctuations in the plasma oestrone concentrations “
could be attributed to methodological variations.: Therefore the
marked fluctuations in the plasma oesﬁrﬁne'levéls were, 1argélyj
real. ’ v . | _

" Others have all shown that the peripheral aromatisation -

fOf anﬂrbstenedione is the major sonrcé-pfbpléshéoesfrone‘in_ ”
pbstmsnopausal,women. The observation by Vermeulen (1976)

‘of a diurnal rhythm in both oestrone and androsﬁenedidne levels
determined in blood samples obtained at four hdurly intervals‘~~~

- from ?ostmenopauselv women, sugges‘ced tha‘b tﬁe’ p‘eripheral-
.ccnversion.of androstenedione_wa§ simple. HOwever, Campbérl" -3

et al. (1976) who employed a two-hourly sampling §bhedule, found,“,
that the morming peak in oestrone concentrations occurfed'two';
“heurs-after the aﬁﬁrostenedione peak. Furthermore, in somé |
patients, the oestrone levels showed random fluctuations and a
' &urnal rhaytim could not be discerned. 'B& employing-an intensive
sampling schednle, the present study has shown that thekfluétuations'i
in the plasma oestrone concentrations do not have a diurnal rhythn
and there is no témporal association with fluctuations in plasma
androstenedione concentrations. Adipose tissue has been suégested
as the majcr siﬁe of production of plasma oestrone fron androstenedione
(Siiteri and MacDonald, v1 973; Nimrod and Ryan,b 1975), although other
tissues such as the liver (Smuk and Schwers, 1977) and fibroblasts
(Schweinkert et al., 1975) have the necessary érbmatising enzymes :

Adipose tissue has also been suggested as an extravascular store
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of oestrogen which releases oestrone and oestradiol into thev

circulation (Twombley et" al.‘ 19675 Bleau et al., 1 97&). N
Isotopic studies bj Longcope (1972 a & b) have also demonstrated . :
that plasma oestrone‘may be formed by deconjugationk oi‘ plasma
- oestrone sulphate and by the o:d.dation of plasma oestra.diol,

- and Olivo et al. (1 973) have detected conversion of plasma .

‘testosterone to oestrone. However, the profiles :1n this study

have shown that there :Ls no temporal association between
' fluctuations in plasma oestrone and those in plasma oestradiol
-or testosterone concentrations. Although ep:.sod:.c proénction
from peripheral sources such as oestradiol, testosterone a.nd
oestrone sulphate, and/or eplsodic release from aromatising
tissuss or eztra:vascnlar -tstores! such as adipose tissue may
‘have- accounted for the fluctuations in the ple.sma oestrone |
' levels observed in this study, the mechanisme reg&latiné any
such promcﬁ.cnremain unclear. " | |
. The fluctuations in the plasma oestrone concentrations
may, however, s1so have resulted in part frem changes in the |
rate of metabdliic clearance of oestrone. Oestrone is largely
cleared by the liver whose blood flow may fluctuate markedly
a:ter:mgest:.on of food (Brauer, 1963).' In this otudy, food |
,‘ ‘was ‘not restricted and the effects of food ingestion were not
investigated. Although posture was not kept constant throughoutb
the sampl_ng period, the isotopic studies of F.Lood et al. (1973)
have shown that alterations in ;x)stu.re do not af:f.‘ect_ the plasma
'oestrone level, but only the metabolic clearance and 'production
rates of oestrone. It is perhape of interest that in pos‘t -

menopausal women with breast cancer, equilibrium during isotopic
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" infusions of oestrone has been difficult to attain (Hembree et al., -

1969; Pearlman et al., 1969) thus suggesting that alteratiohs in

the metabolic clearance rate occurred duri_ng the infusions.

However, Longcope and Tait (1971) J.ound in younger subjects that

‘the concentrations of rad:.oactivity as free oestrone and as the

product free oestradiol, remained relatively constant throughout

| :Lnfusions of 3H—oestrone that la.sted up to 12 hours. Ihese results

suggested that, in their subjects at least, the metabol:.c clearance

. did not alter during the infusions. From consideration of I-ongoopefo -
ta, ﬂucmations in the plasma "evels of oestrone would not, ’ |

therefore be expected. . _

In swmary, therefore, it is i:reséntly unclear whether the |
-narked and apparently random i’luctuations in thé plaSma concentfations |
‘may have been cne to episodic production or release of oestrone or to |
vfluctuations in the metabolic cleara.nce rate of oestrone.‘ The |
fuctvations mst, however, have cast some doubt upon the validity
of conclusicns based on plasma oes‘brone concentrat:.ons determined
- in single,, or-only a few, plasma samples. Snch studies have
- included those made by Siiteri and MacDonald (1 973) suggesting "

- %that oestrone production is abnormalin posi;nenopauoal women withk
endometrial carcinoma, and 'bj Marshall et al.(1977) suggesting ,/
that osteoporosis in postmenopausal women is related to a deficlency

of circulatinz oestrone. |

_ Oesti-adiolz The fluctuations in the plasma oestradiol concentrations
throughout the sampling period in-the women in this study were not
usually as marked as those described abovo for oestrone, and

therefore the possible errors in normal postmenopausal_ women in
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the prediction of the mean eestradiol concentration frd_m the
concentration in a single blood sample and from the 1eve1 in

- nine blood samples were slightly lower than those‘for oestrone.

~ This study did show however ﬁhat a single blood determination may |
_s,emetimes Be an inaccurete estimate of .the oeystradiol status of _ .
postmenopauSzal women. However, an estinate of the e_eStradiol :

- status ﬁom, the ﬁea.n concentfation in about 10 blood samples was‘

. reasonably accuraﬁe.if the concentrations :exceeded 2 ng/dl. -
However the error exceeded 30% when mean levels were { 2 ng/&].; .
.yme'vcause of this iﬁacmxracy is uﬁknown, but as in the case of
oestrone, may have been due to more marked vaﬁ.atiohs in the
‘production or metabolism of' oestradiol at lbw 1eveis s or perhaps
. ,tamethodelogieal problems as previously discussed for oestrone.’

, 'ﬁ‘.'l.nctuatiens of up to 25% of the oestradiol concentrat:x.on ‘
inlay have been attributable to methodological variations. The
‘plasma. ievels wéi'“ necessa;r:l.ly not determined in dupl:f.cate in
+the assey. The ae‘oennina‘hion of each plasma oestradiol
concentration in auplicate would however alter the velue by less
‘than 10% on average, and not more than 207 - (these_ percentages
are- ﬁze mean and highest coefficient of variation respectively
for the male pool, and also of morve than L0 blood samples assajed
in doplicate in & single assay and whose values ranged from 1.5-
5.0 ng/dl (Part 3). Catabolism of oestradiol bj' red blood cells
before separation of the plasma may also have accounted for some
-methodolog:‘.cai variation. In vitro studies (Migeon et al., 1 952)
‘and in vivo stud:xes (Longcope et al., 1 968) have shown that red
blood cells may metabolise plasma oestradlol and oestrone. Minor

variations in the sampling and plasmaphoresis technique nay
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therefore have caused éome fluctu_ations in the f;lésrna oesf.radioi
concentrations in the postmenopausal woﬁlen because it was not
always possible to undertake iﬁhe plasméphbre_sis .bf -the. 1000
blood samples in the exact manner outlined in the protocol.
~ However, thé theoretical limit of catabolism of’ oestrogens by
 red blood cells could not be m§re. than 5%. | |

'In this study, some of the fluctuations in the plaéma o
cestradiol -conceﬁtration.: exceeded the éhgnges po'ssibly attribuﬁable
 to methodological variations , and thej must_the;efore be _a.ttﬁbutéd o
to alterations in the production and/or metébolic clearance rates
of oesiradiol. These ﬂuctuétions were’ not tempo:;-ally associated
with fluctuations in the plasma concentrations of oestrone, o |
testosterone or androstenedione, vhich are the kuncon;}uga‘bed pre;-
kormones from which plasma qestradiol is bpredonﬁ.nantly prodnceﬁ' -
-in the periphery (I.ongcope et al., 196?; Ipngcopé; 1971). Thus
the mechanisms regulating the-peripheral productiox; of" oestradiol
from these prehormones require further stu&,y. ﬁledreticalq.y, .
episodie iﬁtatcmersion of oestradiol with plasma oestrone
 sulphate may also have caused fluctuations in the plasma -
concentration, but the exact role of conjugates in the prod;lction
of ’plasma}oesftrcgens after the menopause has yet to be defined.
Fluctuaticns in plasma oestradiol may, like ’those of desti'one,
. also be caused by episodic release from -oeStrogen stores and/or
| ‘sudden alterations in the metabolic clearance rate qf oestradiol.'
Fluctuations in the plasma oestrdgen‘. levels were: probably not
due to episodic secretion by the stroma of thé postmenopausal
ovary because similar ﬂuctuatioﬁs qccuri-ed in' ovariectomised

vomer. (Part 2 b).
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Gonadotrop}u?_né: 'This study has confimed the findings of others

including Nillius and Wide (1970), Yen and Tsai (1971) and Campbell
et al. {1976) that the pattern of the plasma gonadotrophin
concentrations in postmenopausal women does not show a diurnal
. rhythm but random fluctuations. Because the clearance of ‘
- gonadotrophins in pre~ and 'ﬁostm_enopausal women is similar |
(Eohler et aa..,v1968; Coble et al., 1969), ‘the f:_ndings in this |
study have also supported the conclusions of Yen ot al. (1972’ a&b) |
~and Root et al. (1972) fhat gonadotrophin production after tﬁé .
‘menopause is eﬁisodio. The determination of FSH and IH
concentrations in ‘postmenopau'sal women for reseérch purposes
therefore requires their determination in several blood samples.
Although several studies have démons’crated tha’o the negatiire‘
feedback effect of oestrogen at hypothalamic-pituitary 1eve1 is .
still operative in women with ovarian failure (Schalch et al., 1968
0dell et al., 1968; Nillius and Wide, 1970; Wallach et al., 1970, '
'Tsai and Yem, 1971; Frahchimont et al., 1972; Wise et al., 1973; |
_ Ten et al., 1975; Furuhashi et al., 1977), this study has shown
that the fluctmations in the gonadotrophin concentrations are
‘not.mediated by feed back of:oestrone or oesﬁradiol s or of their
androgenic prehormones. The 1ack of associatlon of ﬂ.uctua’cions
in either of the gonadotrophins w:.th fluctuation in plasma
- oestrogen or androgen concentrations has also shown that
gonadotrophins do not regulate acute secretion of steroids,
pafticularly androgens, in postmenopausal women. This observation
is not therefore consistent with the conclusions ‘of oome‘ in }vitro _
and in vivo studies which have sugges;ed that there is significant
| androgen (but not oestrogen) secret:.on by the postmenopausal ovary, anch

which have previously been discussed.



- 10} -

Part 2 b) THE CONTRIBUTION OF THE POSTMENOPAUSAL OVARY T0

PLASMA STEROIDS

The objectives for studying the i'ole of thé postmenopansél
ovary in the prodncﬁion of plasma oestrogens have been deécxibed '
previously. Briefly, ‘some previous studies haig' dénohstratéd
that the postmenopausal bvary may sécr'ete'sigxi.fica.nt"amonnts of
. androgenic vpiehomones, particularly _testos’terone,. but xiot‘ ‘

’ oesfrogens. Other studies, :I.ncludingvthose described in Partz a,
have suggeste_d that ovarian secretion of oestrogens may also oéc\ir |
. in some ﬁomen within a few years of their ﬁzenopanse; Al theée

studies have, however, never allowed for }bothAﬂucmatiohs_ii‘n_thg'

‘hormone levels that occur in postmenopausal women_and contributions -

by the adrepal corta:x and periphery, the alternative gou;-cea_pf
- plasma oestrogens. In the present study, »thé contribution  of the
ovmf:ta'“plma;oestfogens after the mexiopaus‘§ was investig_ated
" by employing intansive hormone profile techniques to comparé |
msmenbmsal with ovariectomised women with respsct to the |
‘hormons levels, patterns and ..ntmelationahips, and the ef.fects
of depletion of peripheral sources and suppression of adrenal "
secretion cf steroids. The endocr'..ne function of the ovary was =
also examined in a longitudinal study of a woma.nwith amenorrhoea -
&nd biochemical evidence of primary ova.rianv féﬂnre. | |
The hormone profiles of the four posmenopansal women (&bject
Nos. 1-lj, described in Part 2 a) in whom plasma steroid and gonado= 3
trophin concentrations were detemined in blood samples obtained |
every 20 mimutes for 2Ly hours were compared with profiles in two
ovariectomised women (Subject Nos. 17 & 18) from whom blood samples_ ‘



108 -

were #lso obtaiﬁed every 20 minutes for 2)4 hours. These two
ovariectomised women aged 46 and L9 years had been ovariectomisgd
0.l and 1} years previonsiy (one for endometﬁosis and one for -
fibroids and ovarian fibroma) and were, like ‘the four ;postyménopansal‘ ‘
women, -within 12% of their ideal weight for their height (Geigy,
1970). | R

‘In addition the mean hormone cbncéntiations :ln the 16
‘postmenopausal women (Subject Nos 1-16) described :Ln Part 2 a
were compared with mean concentrations in the two ovariectomised
wonen described above, and a further eight ovariectomised women
(Su.bject Nos 19-26) from whom blood samples were obtained every
30 mimites for b1l hours. The bilateral ovariectomies in these
' edght wommhadbeen performed at the »tiﬁe of»hysterectomy because
of carcinoms of the cervix (3 ’women), endométaidsis (2 women),
Libroids (1 wonax;) and abnormal (dysfunctional) ix;:éﬁne bieeding :
(2 women). Cther clinical details of 'ﬁha 7 postmmopausai and
- ovariectomised women are given in Te.b]‘_.e; 2.k The mean age of .
L7.9 :lﬂ (sp) years for the ten ovariectomised women was .
‘lgnificanily Jower (P € 0.01) than the mean age of 52.L * 3.7
years for ’:he pos‘menopausél -women. _The interiratl‘} since ovari.ectomy‘ -
was mt, however, significantly di fferent (P < 0.05 Mann Hbitney 1
test) from the dunration of amenorrhoea in the postmenopausal women.
The mean weight (66.7 + h.9 Kg) of the ovariectomised women was
significantly greater (P { 0.01) tha.n the mean wedght (59.3 #+ 6.1 Kg)
of the postnenopa.usal women. The mean percentage differences of the
body weight from the mean idesl welght of medium framed women of the
" seme height in the tenm ovariectomiééc;. women and the 16 postmenopéaxsal
women were 11.3 + 8.7% and 5.8 + k4% respectively. This dd.f.férence '



Table 2.Li. Age, years since menopause (MP) or ovariectomy(OV); weight, #difference from ideal weight (% diff.)
fat mass (Kg) and mean + 8D oestrone (E,), cestradiol (E,) and testosterone (T) concentrations (ng/dl)

in blood samples obtained every 20-30 mimutes for h--2l h'gu;ra from 16 normal postmenopausal women

(Nos. 1-16), ten ovariectomised women (Nos. 17-26) and two obese postmenopausal women (Nos. 36 & 39).

Mean androstenedione consentrations (A, ng/dl) were determined only in those subjects from whom blood

samples were colleoted for 2l hours,

NO AGE  YEARS VT % FAT E, - B, T A
MP/OV  (Kg) DIFF = MASS |

56 + 5;8 3.6

o.0. .
. @ .
. e - “
N .

- 90l -

1 L.5 ‘ : 6.1 +1.2 241 +0.9 253 + Ly 66.0 +28.0
2 5 3.0 53 -2.,0 <10 k3 +1.2 2,5+0.9 L5.0+ 8.6 Sy + 562
3 5 Lo 56 +2.5 1.7 L6 +2.0 3+l 262 ka1 64.0%21.0
L 55 5.0 69 +12.0 7.5 7.3 +2.0 5.5+1.2 147.8 * 6.5 120.5 + 34.6
5 55 k.5 sh  +2.6 2.0 3.0 £2,0 1.7 +1.6 L47.2 $10.5  65.7 * 27.3
6 sh 1.9 61 +12.0 8,0 6.2 +1.5 L.6+0,9 61.8 + 8.8 - .
-7 53 3.0 63 +1.0 165 L7+1.0 3.5+0.9 21.0%¥5.2 = - . =
8 5 ok 57 +1.6 8.0 T7.3+3.5 3.8+1. U601 - -
11 51 2.6 51 - =05 =05 2.9#0.5 1.9+0.6 3.5+ 6.1 e e
12 5 0.9 57 +5.5 3.0 5 +0 3.3+1.4  29.8 +2.3 - e
13 5k 3.0 60 +3.3 3.0 3.9%1.6 2.8+%0.7 22.7+5.1  .52.2 +30.5
W 5 1.6 59 =90 =10 3.7+1.0 2.2+1.0 39.6+5.0  52.27%17.6
15 ’ h9 201 56 + 100 107 . 505 :006 209 : 107 2907 2’. h.O . - -
16 b9 0.9 7 + 91 60 5.6 +2.6 5L F1.0 26,2 ¥ 3.5 - -

cont.



Table 2.4« (cont,)

39

Tl

NO AGE YEARS  WT 5 AT T A
o MF/OV  (Kg) DIFF )ﬂﬂs B %2

17 46 O 56 * 6 3. B+ 327 B0+ 32.9 + 6. * 51.7
18 L9 1k.0 65 + 1.5 148 h6T1.0  L9FT1.0 184 ¥ 6.2 *17.9
19 50 3.0 63 + 2. 1 .9+ 1.0 2,7%¥0.9 50,7 ¥18.5 - -
20 142 h.O 72 "'“J»o‘ 9-5 . 3.2 "t 1.1 23 : 001‘ 2906 "' 607 - -
21 L7 1.1 61 1.0 7.0 B8.2%0.7 3.1%0.9 28.0%L.2 - -
22 L6 o4 6L 0,0 0.0 3.1 %2 2.9+0.6 329 %5.2 - -
23 54 5.0 72 #2400 140 3.0F14  3.0¥0.9 3.2 ¥ 6.7 - -
2, L9 6.0 +20,0 10,0 7L ¥1a  3.6¥1.0 39.7¥6.2 @ - -
25 42 2.0 6h 166 - 10,0 7.0% 1.9 2.5+1.1 16,5 % 8.3 - -
26 53  15.0 h +19.0 10,0 6.9% 1.5 2.6F¥0.7 L3, 8 +13.u - -
36 52 1.8 T #31.0 17.0 L3 +1.0 5.5 + 0.6 u2.9 + s.o 85 0 + 29,

56 2.1 107.5  +73.0 U460 B.6F 1.3 LS T 0.9 0¥ 32

3301[ "‘ 801 '

_LoL..
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between the two groups was :iot statisticoﬂly sigoificant. _

A 51 year old woman (Subject No. 8) who had not had pa‘ioos
for four months and who complained of flushes, but not superficial '
| dyspareunia was studied longitudinally .fozf‘ ten months coomencing
on 16.1.76. During the £irst four months of the study, piperazine
oestrone sulphate was prescribed cyclicaliy but this was discontinued
~ on 28.5.76. 'IIhe' oeotrogen thwapy wac recommeﬁced oix months 1ater
on 29.11.76 bccause ﬂuahes had 'bhen recnn'ed.» mrinc the study, -

: ,periods occurred on 23.9.75, Lheoie76, 6.6.76, 8.8.76 and 1.10.76.
Plasma Fsﬁ, I.E, -oestradiol and progesterone concentratiopa were
deternined in ssmples obtained at intervals during the ten month
:stody. The progesterone concentrations wefe det'em:medu.sj.ng'the'
mraregionel assay service. _

The effects on plasma steroid concentrations of adrenal -
| suppression and consequent peripheral depletion of the alternative _
. sources of oesiragen. prodnction were detemined in fou.r postmenopansal ; |
womenr (Subject Hos. 7,28, 30 «&;,.33) and;evenova.riectomised_ women o
' (Subject Hos. 19, 21, 27, 29, 31, 32 & 34) after treatment with

A ‘dexamethazone in & dose of 1.5 mg daily _i:‘o::‘-w ceyen_ days. The
. j_mn.cations for the ovoriectomies in these women fve:e ca:c;gomg _o’f‘»'
e cervix (4 wemen), fibroids, adenomyosis and dysfunctional uterine
‘bleeding (one woman coch). ‘Other- clinical deﬁai:.l.s‘of the y:omenv are
summarised in Téble 2.5. Plasma andr‘ostenediona, cortisol, 'testosterono
oestrore and oestradiol concentrations were determined in blood o A
sanples obtained every 30 minutes for h—12 hours from these 11 vonen.
The mean age of 52.3 + 3.0 years ‘of the four‘postmenopau'sgliwoxoe'n _
© . was similar to the age 50._6 + 2.9 years of thc‘servex_l ov&t'j.ccjtfomiaed

women. The mean interval of amenorrhoea of 2.7 + 2.5 years in the



Table 2.5, Clinical details end mean % an plasna oest.rogon and nndrogen concentrations (ng/dl)
in blood samples obtained every 30 minutes for li~14 hours from postmenopausal (PM) or ovariectomised
(OV) women after treatment with q«:camethascne 1.5 ng daily for one week,

. NO

28
30
33

19
21
27
29
N
32
3L

AGE

8
b9

51

56

50

L7
50

5
50
5l
18

Wr
- (ke)

63
51
13
sk

63
61.

- 58.5
sk
60

.
56

+10.0

%  1EMms
DIFF  MP/OV
+1.0 3.1
-6,0 1.0
+37.0 0.6
+8,0 6.0
+2 3.0
1.0 1.1
M1.6 0.3

+5 8.0
+11.0  15.0
#17.0 12,0

8.0

5

209 .‘t O.h

1.2 + 0.3
2.4 + 0.6
2.0 + 0.9

10 + 0.1

1.6 bl 0.9
1.3 + 04

Toly + 0.8
1.3 + 0.3

1.0
2.1 +1.0

By

1.6 + 0.6

2.6 :'. 0.6

Q.0

103_ :005 4

1o + 0y
2.1 1 005

2.0 ¥ 0.6
, 19 + 0
1.6 h Oy
1.9 + 0.6~

265 :’_ Ooh

A

27.0 + 1.6
27.8 + 3.0
{26.6

27.1 + 3.4
£26.6 '

42646

"
"

1"

12.8 + 3.6
31,0 + 8.9

28.0 + 5.3

210.0

18.2 + 6.3
0.0 .
10,5 +10.7
¢10.0
Cw

"

Postmenopausal

- 6oL -

Ovariectomised
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postmenopausal women was not significantly difterenﬁ f}ro‘m‘ »the -
| interval of 6.8 * 5.6 yearsk since ovariectomy in the other women.
The welghts and percentage differences from idéﬂ. weights of the
v poatménopausal and ovariectomised women ﬁeré aiso similar, althongh ‘
the range of weights of 51~73 Kg in 'bhe pbstmenopausai_ ﬁomen was |
* 'wider than the range of 54~63 Kg in the ovariectomised women.
~ The complete clinical and sa.mpling deatils of each of the

postmenopausal and ovariectomised women in this study are given

in Appendix IV. All the ovariectomised women had been‘ castrated
pmedopausany. | Lo o |
‘RESULTS |

| tlhe hcrmone concentrations, pattems and interrelationships

= in the proﬁ.les of the two ovariectomised women (Snb:)ect Nos. 17 & 18)
-shown in Figures 2.13 and 2.1} were simila.r to those of the four
postmenopausal woaen in Table 2.16 tmere was no signiﬁcant
difference in the mean homone concentrations between the two youps

The patherms of plasna oestrone, oestradiol and testosterone

éoncen’caat:‘ma. in the eight other qyariegthpiged _wpmgp were _gimilai -
‘to those described above for 4'the\two:_.ovarie§tomised_-womex_1 and _ |
those described in Part 2 a for the postmenopausal women. In the |

 ovariectomised women, the plasma oestrone and cestradiol concentrations o

determined in a single blood sa.mple did not correlate exactly with

' the mean levels determined in blood samples 6bta:!ned over a h-zh -

" hour period é.s shown in Figures 2.5 and 2.6 reépectively. Howsver, .
the error in predicting the mean 12-2h hour level from the mean '
level in nine blood samples was, like that :Ln the poshnenopansal -
women, small and acceptable for this s'lmdy provided mean concentrations o



Figures 2.13. P.‘Lasma stercid and gonadotropﬁiﬁ
_concentrations in blood samples obtained ever}

20 minutes for 2l hours from an ovariectomised -
woman (Subject Fo. 17). - o
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Figure 2.1L. Flasma steroid and gonadotrophin
concentrations in blood samples obtained every
20 mimutes for 2k hours from an ovariectomised

<~

woman {Scbject NHo. 18).
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- of oest.rone and oestradiol were above >3 ng/dl and 2 ng/dl
| respectively. The possible kerror in predicting the m‘ean'
testosterone concentration fronm a single blood sample obtained
from ovariectomised women was 7.5 ng/dl whereas the error in the
postmenopausal women was 11.0 ng/dl.
For the purpose of comparing plasma concentrations between '
_ postmenopansal and ovariectomised women, ‘the testosterone, osstracﬁ.ol
-and oestrone valnes in each woman in this study were the mean i_,,_” o
' concentrations in 9-72 blood samples obtained over 4-2l; hour periods.

lhe mean concentrations of oestrone and oestracﬁ.ol, ‘and of testosterone

4n each of the ova.r:lectomised women are shovn with those of the post -

nenopausal.men in Fignras 2.10 and 2.11 respecti.vely, and in Table 2.1;.- o

The mean concentrations of oestrone, oestradiol and testosterone _
“in the group of ov&riectomised women. ‘were 5 5 r2.0 ng/cn, 3.2 + 1.8 |
“ng/dl. :and;_sz.h.:_w._s ng/dl rsspeotive:l..y‘and.ix; .the group of post'e ._
-menopausal women were 5.0 + 1.7 ng/dl, 3.2 + 1.2 ng/dl and 37.1 + 15.1

‘ng/dl respeciively. There were no significant differences in the | |

mean 'eonce:c‘.;raftioﬁs of oestrone, oestradiol a.nd testos*"eroﬁe ‘oetseen
the groups of cvariectomised and pos*hnenopausal women. |

In the 10 ovariectomised woman, ‘there was no significa.nt
correlation between the mean oestrone, oestradiol, and testosterone
concentrations or between these concentrations and the age, _#eight _
or percentage difference from the ideal welght of the women.
However, in the five ovariectomised women who were within 12% of
their idesl body welght, there was a significant correlation (P{0.01)
of the plasma oestrone (but not oestradiol) concentration and the
percentage difference from ideal weig,ot k(b»ut not the actual body )
weight). In the normal postmenopausa'!. women (Table 2.4), all the
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correlations were insignificant except for two highly significant
correlations (P 0._001) of the mean plaéma pestradiol. concentration
and the body weight, and the percentage difference from the ideal
body weight. | . | o

The pmfileé of the four postmenopausal {romen and seven.'

ovariectomised women treated with dexamethasone 1.5 ng daily .for
one week are shown in Figures 2.2h, .23, 2.25 for Subject Nos. 7,

19, 21, 27-34 respectively. The plasma concent:ation of co_z'tisol
‘was always undetecable. The plasma androgenand oestrogen’ |
concentrations in most women were at or near the limits of déteétion
of the assays > al’ohough occasiona.'.!ly there were small independen‘b
neaks in the homone levels which were usually within the nethod-

ologlcal error of the assays. Values of oeatrone, oestradiol |
testosterone and androstenedione which ﬁere ‘a'!v;' vor below. the 1i§its :
o.f sensitivity of the method have been designated 1 ng/dl, 1 ng/dl,
10 ng/dl and 26.5 ng/dl for-the- purpo;e of the}celculgtioqg_ in this
study. The-mean oes&one, oestradiol, testosterone andgnd:pst‘éne-f
dlone concentrations ix each-wonsn after the dexansthasoue treatment “
(but befoars the commencement of any inihsions) are shown in Table 2.5. :
Using the Mamn ‘ﬁhitney U test, there were no signi.ﬁ.camt differencas
in the mean oestrogen or androgen concentrations (after dexanethasone)
between the posmenopmsal and the o#arj.ectonﬁ.sed women. Inhthe
four pos‘hnenop&msal wonmen treated with dexamethasone, ‘there were
negative correlations (P 0.01) of the mean plasma oestradiol
concentratio# and their age (Figure 2.15) and yeafs since the
mmdpanse (Rigare 2.16). The negative correlations of the plasna
testosterons concentrations and the age of these same postmenopauéal
women and the years since their menopause (Fj‘.gur‘ev 2.17) were almost



Figure 2.15. Correlation of mean plasma oestradiol
-concentration and agé in four postmenopausal women
(o) -and seven ovariectomised women (x) afber

<«

dexsmethasone treatment for one week.
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Figure 2.1 6. Correlation of mean plasma oesﬁré.diol,
concentration and years since menopause or ovza.,z':t.ec'com-:,r
in four postmenopausal women (@) and seven ovariect-
omised w{xme: (X)) after treatment with dea:amethasohe
(1.<5 mg aaily) 2or oné week.
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Figdre 2.7, Corrglationséf mean plasma testo#femne
concentration and’age and years since menopause in
four postmenopausal women (@) and seven ovariectomised
women (X ) after treatment with dexamethasone (1.5 mg

dzily) for one week.
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signiﬁ.ca.nt, the ‘P values being { 0.02 and ( 0.05 respectively.
All the other correlations between the mean plasma oestrone,
oestradiol, androstenedione and testosterone concentrations, and
between these concentrations and the age, weight, percentage
difference from ‘the ideal weight and the”‘interv‘al 'sinoo }t‘he'
menopause or ovariectomy, were not sign:l.ﬁ.cant in either the
postmenopausal or the ovarioc'bomised women a.fteu:- ‘the treatment
with dexamethasone. | | |

The FSH, LH and oestradiol concentrations :l.n the wonm stndied
longitudinally are shown in Table 2.6\.“_ _fﬂ_le' progesterone concent-
rations were all below the 1 ng/dl ijnit of seﬁsitivity of the assay. -

 Qestrogens: The mean plasna osstrone and oestradiol concentrations
in the ovariectonised wonen in this study wers siuilar to those in
'the"‘posw women, a finding also obsm by So.ez et al. g
(1072), Maroulis-and fbrahan (1976) and Verneulen (1976). - Thus

| tha contzifation of the ovary to the production of oestrogens a.fter
the menonax:se by the secretion of oestrogens or their androgenic
‘rrehormones was probably not -signiﬁ.cant. Bowsver, th:l.s conclusion
wight be invalid becanse there msy have been atnormal peripheral
production or metabolism of oestrogens that affected the plasma

| voestrogen,conc_enmﬁ.ons in some of the _fovjaﬁecto_xnﬁl‘sed}lohep who
were not strictly comparable to tfxe postmenopmisa‘l'-won;em :ln :l;b:_ls'
study. The heavier weight of the ovariectomisod_wom_e:; compared to
the postmenopausal women, may have affected tho plasma oestrogen
concentrations beoausov it has been shown that the degree of
aromatisation of androstemedione to oest:k-oneki»n postmmopmool '
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Table 2.6, Flasma FSH, LH and oestracnol 1evels in a 51 year

old woman (Subject No. 7) cylical piperazine oestrone sulphate
1.5mg daily between 17.1.76 and 28.5.76, and who had periods

on 23 9 75, h‘h 76 b 5 76, o6 76 607 76, 8 8.76 and 10100760

Oestrogen therapy was recommenced on 29.11 +76 because of a

~ recurrence of flushes. :

DATE o | ng/Sgl ngL/Hml | ng%l
1611476 28 287 3.8
2576 210 32 12,0
28, 6.76 2 82 33
260 7.76 210 5.0  15.3
 23. 8.76 80 6 b
111076 3 LS5 134
20.10.76 29 3.2 3.2

29.11.76 210 17.5 3.0



- 120 -

women correlated with body velght (Siiteri and MacDonald, 1973;
MacDonald, 1978), as did the plaéma oestradicl concéntration in
normal postmeﬁopausal women (Part 2 a). There was, however, no
posi.tive correlation of the plasma oestrogen concentrations with
body wedght or the percentage difference from ideal weight in the

' ovar.!.ectom:l.se?d women in this studﬁ', although the correlation may
have been affected by the fact that a few of the jeomen were ‘ot’ ~

: dbout ideal weight. The i.nd:!.catj.ons for_ ovax—.t,ec_zfom' in the

~ women had been carcinoma of the cervix and ezlzdéymétrioslis.,iﬁhivcv:h

v_have not been aéso'éiated with abnormal oestrogen production or’-
metabolisn, and abnomal pra‘;menopwsal uterine bleeding which,
probably, had been pr.i.marjly of ovarian or:!.gin and would there.fore

-not have been affecting the plasma-oestrpgen congentrations in

~this study. . e

| Although abnorm&'l. oestrogen. prodnction or metabolism in the
avariec‘bcmisen women in this s‘!mdy may have occur::fed, the mean

-oestrogen concentrations ﬁere, neveftheless, within the range
‘that has been reported by others. The mean oestradiol concemtration
of 3.2 #+ 1.8 ng/dl in the ovariectomised wonen‘ was similar to the
3.6 ng/dl concentration reported by Baird and mevr_érq. (1969_) o

. although dousle that reported by Rader et al. (1973). Baird and
Cuevera (1965) also reported that the xAneanA oestrone concertration

' 4n ovariectomised women was 11.6 ng/dl, a iralﬁe twice th'atl _fcnﬁd-

- in this study. The mean oestrone concentration in oiariéctomised '
vomen studied by Marshall et al. (1977) was 3.0 ng/dl. The different
values that have been reported may have resulted,at least in pé.rt,_ |
because investigators have studied women in whom ovarlectomy had
been indicated for different di.seaseé of vhich some, such as B
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endometrial carcinoma, may have been associated with abnormal
oestrogen mstabolism (MacMshon, 197k). | |

The finding of similar plasma oestrogen concentrations in
| postnenopausal and ovariectomised women Asuggeste'd that there was .
no direct ovarian secretion of oestrogens after the menopause, a
conclusion which would be consi_stenﬁ with the find:l.ngs of i.sotopié 4
studles by Barlow et al. (1969). Noreover, Judd et al. (197h)
and Greenhilatt et al. (1976) found similar concentrations of « .
oestrogens in i:eripheral and ovarian venoﬁs blood in postmehopﬁmal |
‘women who were unlikely to have had abnormalities of oestrogen :
nmetabolism. In vitro stndies by a mumber of workers (Savard et al., s |
| 1965, Rice and Savard, 1966; Flotz et al., 1967, Mattingly and Huang,
1969; Berman et al., 1973 and Wortman et al., 1975) have failed to
demonstrate that the stroma of the postmemopmsal ovary is capable
of synthesising signiﬁ.cant a.monnts of oestrogen.

!me patierns of the plasma oestrone and oestradiol conéentrations

in the profiies of the ovariectouﬁ.sed women in. this study were
zinilar to those occurring in the postmenopausal vomen (as described
in Part 2 a). ‘Therefore, ﬂncmations' in the pla.sma concentrations
in -postnencpausal wonen were considered unlikeiy to l;ava 'rggplted
‘from episodic secretion of these oestrogens by the postmenopaﬁsal
ovary. The possible rcle of adrenal and peripheral sources :I.n Athe |
genesis of these asynchronous fluctuations will be described in
subsequent parts of th;_i.s thesibsy. | The possibilities that these
fluctuations may have resulted from methodological variations or
| fluctuations in the 'metabolic clearance ratés of these oestroge.ns,
have been previously discussed (Part 2 a). | |

‘Sherman and Korenman (1975) and Sherman et al. (1976) showed
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in perimenopansal women thet plesma FSH and 1ater I.H concentrations

increased as menetruetion became irregular and 'l:hat the levels,

particularly of LH, fell when more regular cycles (some of which
were ovula.tory)‘ recurred. The ﬁ.ndinge in fhe longitudinal study

and particular]q' the markedly reised LH and oeetradiol concentrations
on 26.7.76 that are suggestive of the p:reovulato:lv peak,
consistent wlth Sherman's findings. However, in this stud&, blood

) samptl.es for gonedotrophins oestradiol and progesterone estimatione
were not obtained more frequently than monthly, ‘and only one snbject
was studled. Thus, definite conclusions sbout ovulation and the
length of the luteal ‘phese in women who have had biochemical ev:!‘.de'nce

-suggestive of ovarian failure are not poee‘i.ble;, Ho‘wever,' this stedy
‘demonstrates that significant follicular activity may still occur in
_older women with'reised gonadotrophin conce@traﬁens, in whexe lees o

' than one year has elapsed since their last period. |

_After the dexamethasone treatment, all the Si'a.riectomised

_women in tits stndy had almost undetectable plasma oeetfone concent-

. -rations. A similar ef.fect was found in a group of postmenepmsal -
wonen (who were older than those in the present study) by Saez et al.;,-. :
(1572), Veraenlen (1976), Borkowsicl et al. (1977) and Santen et al.
(1978) ang also by Haronlis and Abrahan (1976) after exclusion of

. ons-woman with presumptive 'biochemicel evidence of ovulation. »
However, in the present investigatioe, plasma eeetrone cencentratiens
were undstectable vonly in the older postmenepansal women. If it is
assumed that the dexamethasone trestment depleted the peripheral
tstores1of oestrone,as described below for oesﬁ'ediel and in Parts
2 ¢ and 2 d, then the plasma oestrone that was detected in the
younger women may}have been derived from the ‘posviznenokpausel ova.ry.
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Confirmation by further studies is howe#or necessa.ry because the
" rmumber of women in this study was small, In premenopausal‘ g,omeﬁ, .'
the amounts of circulating oestrone derived from direct follicular
secretion and from peripheral conversion of oestradiol and ’
androstenedione vary widely (Baird and Fraser, 1974 ), a finding |
| which may explain the lack of a oegativé correlaﬁion between the
plasma oestrone ‘concentrations and the age or intervel of |
amenorrhoea in the postmenopausal women. ’ : |
In the ovariectomised women treated with dexamethasone in this

‘study, the mean plasma oesn'a.diol concentrations wers, in almost |
all cases, less than 2 ng/dl, the 1evel abov_e vwhich it has been
b';-sh'own that oestradiol concentrations can be rel:l.ably determined;
,As di.scnssed more fully :.n Pa.rts 2.cand 2 d, those results suggested |
‘that per* nhec&l sources of plasma oestradiol in these women were
deploted by the treatment with the dexamethasone for one week. . If

it is assumed that similar depletion occurred in postmenopausal
“women chz:ﬁ:.zg the week's treatment with dexamethasone, then the
Aﬁ.ndi.ng in some of these- women of plasma oesfmad:l.ol concenurations

) 2 ng/dl suggested some production of oestradiol by the postmen-
opausal ovary. This conclusion was supported by the nega‘bive :
correa.a:tions of the plasma-oestradiol concentra‘bion with the ‘ )
woman's age (Figure 2.1 5) and years since the menopause (Fj}.gurAe.Z.}é): |
| Ovarian follicles may not become completely exhé.usted for ooverol B
years after the menopauoe (Bloch, 1961), so this ovarian 'seozfétion
of cestradiocl may have originated in ’folliclés rather than in tho '
stroma. Although the a.mount of oestfa.diol secreted was insufficient
to induce cl:!ni.cally apparent proliferative changes in genital tract
epithelium, it was detectable by the biochemicel techniques employed
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in this studj. Vermeulen (1976) reported that the mean plasma
oestradiol concentration in women L-10 years arter the menopause

was 1.2 + 0.6 ng/dl after five days of treatment with dexamethasome.
Méroulis.‘and Abraham (1976) found that the plasma oestradiol .
concentration in postmenopausal women, most of vhon were older than -
~ the subjects in thi_.s study, ‘was undetectable, even beforé treatment .
with dexamethasone, and so a comparison of ies*alts f is not pogsibie."" L
- However, Maroulis and Abrahem (1576) did find plasma‘qéstragﬁolv |
* concentrations sﬁggestive of receﬁ o‘vulat:!.o# in .onerthei ;.mxan .
whose menopause apparentil.y occurred fwo yéé.rs previbuslj. Ovulation
and pregnancy have been reported as 1ate as 11 years af’cer the :
'menopanse (Shaman, 1962) a.nd corpora lutea have been found in the o
ovaries of postmenopausal women (Forleo, 1973; Procope and M!ercreutz y
1973). As the mumber of wonen in the present atu(tv was small, _
“further studies are obviot_zsly required to det_.erm...ne‘ more axac_:t.ly the |
ovarian coniribution to plasma oestradiol kin women within two to
tnreeyam:s of {heir menopause. 4is oestradiol :!.s 'bhe princi'[.ll ;
-secre‘hury product of ovarian follicles and nearly all the subjects
. 4in this study wers less than five yea:rs postmenopansal, ‘the actual

. nean oestra:diol concentration of 3.2 + 1.2 ng/dl in the normal
women may have been higher than if the concenmtions had been
determined in a group of older women in whom_therg was no .pogsibility
of oestradicl secretion by ovarian follicles. Bowevér, the'_ybuhger |
women were deliberately investigated in this study becaﬁse of the
specific intention to deternine thegxa.ctb hormonal milieau of women

at é. time when they may .be experiencing dist:easiné éymptpms of .
 ovarian failure, and require ocestrogen therapy. There »is, “however,
‘no endocrine indication to conserve the ovary in ﬁomen in whom |

- more than 2-3 years has elapsed since their manopause; but because
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ovulation may occur in women after there has been biochemical
evidence of primary ovarian failure, perimenopausal women should
be advised of contraception, probably until at least one year of

anenorrhoea has occurred.

Androgens: Although mesn concentrations of androstenedione in the
-2} hour profiles in the overiectomised womcn were sinilar to those '

occnrr:!.ng in: the postmenopausal women, accurate conclusions ebout o .

- ovarian androstenedione pmduction by this comparative technique
were not possible because only six women were studied. n

‘ The similar testosterone concentrations in the 16 posiznenopausal
a.nd 10 ovariectomi_sed women in this -study suggested; tha.t' testosterop.e
' production by the postmenopausal ovary was insigrxificant, especially
when compared with the adrenal contrlhqtion. As discussed earlier .
:m' this part, the groups of postmenopausal and oyferiectonﬁ.seo women
were, however, mot similar with respect to age or welght, the latter
~ ¢f which has been found to affect the metabclic clearance rate cf
testosterozxe (3ardin and Lipsett, 1967). Because testosteronemay ‘4
also be derived by peripheral conversion of a.ndrostenedione (Baird
et al., 1969}, the plasma. levels of testosterone in the ovariectomised
“women may &lso have been related to the levels of sndrostesedlone E
whos.e pro&nction rate may be rela.ted to body weight (Calanog et al.,
1977). 4s testosterone-ls largely cleared within the splanchnic
cirenlation (Baird et al., 1969), the absence of the falloplan

- tubes, uterus and ovaries per .3.9: in the ovariectomised women was
unlikely to have affected the clearance. lhe netabolic clearance
‘rate of testosterone in ovariectomissd women is lower than in
premenopausal women (Abraham et al., 1969) but the clearance rate

in postmenopausal women has not yet been reported. ~ The mean testost- |

erone concentrations in the ovariectomised women in this stndy,
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were, however, mostly in fbhe range re’por_tedvby other investigators
including Lobotsky et al, (196L) and Barberia.an_d Thorneyeroft (1974),
| Although comparison of the periphe:fal concentrations in post-
menopausal and ovariectomised wozﬁen suggested that the péstmenppa._usal |
| ovary did not contribute significantly to testosterone production,
~the conclusion of some other studies has beeh to thecontrﬁ.
‘Judd et al. (197h) showed that the mean peripheral testosterone
concentration in postmen§pansail. women fell signifiéantly (P { 0.001)
| after ovariectomy and concluded that the postmenopansal ovary mst
therefore coniz-ibute significantly to testosterone production.
Eowever, post-operatively hal.f thelr women were prescr:.bed medrbxy
mgesterone acetate tharapy which has been shown to 1ower sem- .
hormcne-binding globulin concentrations(Forest et al., 1968 Forest
and Bertrand, 1972), and which might therefore have affected the '
plasma testosterone concentrations. The mean plasm testostgrpne
concentraticns before and after ovari.ectomy in the, womén Vvsmdiec_l"
by Judd et al. (197hf:§1vho were not\presdribed;progeStOggn therapy |
were not sigﬁﬁcanﬂy differm’c. Judd et al. also assumed that
the adrenal coniribution to plasma: ‘testosterone ‘concentrations
was gimilar pre= and post-operatively, as the biochemtcal effects
‘of the stress asAsociated‘ﬁirth an impending operation were not
, eszessed » A |
| In another study, Judd et al. (1974) found a significant
difference (P(0.01) in the testosterone, but not gndrostengdioﬁe, |
concentration when samples from vthe ovarian vein were 'cqxpp‘tn'edb
with those from peripheral veins in postmenopaussal women. However, :
in that study, the correlation between peripheral and ovarian vein |

concentrations would not have been signiﬁ.cant if four women with S
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endometrial carcinoma (or the premalignan‘c. adenomatons hyperplasia)
had been excluded from the analysis (because they may have had -
abnormal androgen metabolism (Calanog et al., 1977)). Judd et al.
also found difficulty in obtaining blood from the ovarian veins,
presumably because the rate o.f blodd flow was low. Ihus; although
the gradient studies may have confirmed the ﬁndi.ﬁgs of in vitro
- studies which showed that the postmémpaus#l ovary can se_cret‘fe“
~ testosterone, the contribution to pl_asma testostei'éne pmmcfioﬁ
remains uncertain and is 1ikely to be small. Clearly, further
‘studies are required. | | i

' The plasma androstenedione and testosterone concentrations
-after dexamethasone were not significanﬂj different. in the
;gostmenapmsalmd ovariectoﬁ:iéed' women. F:If it is assumed that
the dexsmethasone treatment depleted the peripheral sources of
plasma androgens, as described. above for the oeé%gm, then

the resulis of this study suggest that there may’ha've been some
.gecretion of ’tastostérdne», ‘but not androstenedione, by the ovaries -
of the younger women (Figure 2.1 7).. Boﬁever', further stv,dies aré
‘required to. detemine whether testosterone (a.nd oestrane and |
oestradicl) in women witm.n 2-3 years of the menopeuse may be v
secreted by follicles still remaining in the ovary _ As 8.1_30 o
reported by Vermeulen (1976), ‘the mean androstenedione concentrations. )
in the ovariectomised and postmenopausal women after treatment with "
dexanethasone were {28 ng/dl, which is a level near the limits of
detection of the assay. Thus ami in agreement uith isotope stﬁdies
of poéhnempausal and ovariec_:tomised; women by'Réed (1 978) 1t may
" be concluded that in postmenopsusal women, the overy did ot
contribute significantly to androstenedione prodnction. However,
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the results of these studies are not in agreement Vwith those of
Eorkowski et al. (1977) who found plasﬁagndrostenediohe
‘cdncehtrations ' 50 ng/dl in postmenopausal and ovariectomised
 women, even after six weeks of treatment with dea:amethasoﬁe.
 However, all the women in their study had breat ‘carcinoma which
~ may be associated with abnormal steroid piqduétibn or métaboiim
(Bulbrook and Greenwood, 1957; Bulbrook et al., 1958; Siiteri et

) 83.0, 197h)a
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Part 2 ¢) THE CONTRIEUTION OF THE ADRENAL COR?EX TO FLASMA STEROIDS

As discussed in the introduction (Part 1) and deduced from the
study of the contribution of the postmenopausal ovary to plasma
steroids (Part 2 b), the adrenal cortex is the major source of
plasma steroids after the menopause. The intensi.ve hormone prof:lle
studies of the poshnenopausal and ovariectomised wonen 1n Parts 2 a |
‘ ~and 2b showed that only cortisol and androstenedione concentrations

ﬂuctuated synchronously with a diurnal rhythm and. thus, that ACTH -
regulated the acute secretion of only these ‘tmo steroids. The aim
\ of this study was to further exanﬁ.ne the role of the adrenal eortex,
-and p&‘ticularly its major trophic hormone ACTH, in the production
of-plasma steroids after the menopa:use, by determining the effects ‘
on':‘plasma...hormone concentrations' of -snppression of endogenous _ACTH
prodnction by dexamethasone and of infusion of tetra‘cosaetﬁ.n. It
-has_been assumed in this study that thers was no ‘significant
ccntﬁ.bntien to steroid prodnction by the postmenopausal ovary, and
- ‘bhecefom no distinction has been drawn between different effects
o.f ACTH and. de:amethasone-in postmempausal and ovgriectomised . |
women. However, and as described in Pert 2 b, sterold secrstion
by ‘the ovary may have occurred in those bwomen in vwhom less than
 “two years had elapsed since their menopause. "
METSOD |

a) Effects of Dexamethasone Treatment

Eight postmenopausal or ovariectomised women ﬁere stu,cned on‘
two occasions, a control night and a treatment nighii. vmring both.
sampling periods, blood eamples were pbtaiﬁed every 30 m;!mtes :t'or
the detez'mi.netion of plasma cortisol, amndrostenedione, testosterone, |

oestrone and oestradiol concentrations. On the control night, the



- 130 -

samples were collected for 12-1 hours comnmicing at 2200-24,00
hours. Five women were then stu;died on the fo]loxd.ng night
when dexamethasone 2 mg and 0.5 mg was administered or#lly’ at .
21,00 hours and 0800 hours'respectiveiy, and during which blood
samples were obtained from about 2300 hours until at ieast 0830
hours. The clinical details of these five women‘are'_ summariso;d
in Table 2.7. The other three women were vdj‘.sél_x»arged‘ after the
control night and readmitted seven days later after they had taken
dexamethasone (1 .5 mg daily in a divided dbs_e), | ‘Hlood samples
vwere then obtained between 24,00 hours and 0830 hours after which
ACTH or androstenedione .was- infused (as discussed below). Th~ |
~ clinical details of these three women are sumarised in Tshle 2.8.
There was no signiﬁ.cant difference between the age, years since
the- menoua:use or ovariectomy, body we:?.ght or percentage differencé :
from the ideal body weight (Geigy, 1970) between the f:!.ve women
stadied after cne dose of dexamethasone and the three women studled
after one week of treatment with dmethasone. |
The indications for the pelvic clearance in the ovarlectomised
women had been carcinoma of the.cervix (2.women) » abnomgl gjb_gr:!.ne
‘Bleeding (2 women) and endometriosis (1 woman)lz' the other ‘three |
women (Subject Nos. 6, 16 & 17) were postmenopausale B
b) Effects of Infusions of Tetracosaétrin

Tetracosactrin was infused at a consté;xt rate of 3 ’ig/hour ‘
through & ksca‘Lp vein needle in a foi'earm vein for six houra |
beginning at 0830 hours in five of the women described above who
had been prescribed dexamethasone for one day (Subject Nos. 6, 20
& 26) or for one week (Subject Nos. 7 & 19)._ Plasma cortisol,
androsﬁenedione, testosteroxie; 'oestronebavnd des_ﬁ_‘adiol_ concentrations

" were determined in blood samples that were obtained every 30 minutes



Table 2,7, Clinical details snd mean + SD cortisol (F), androatenedione (a), testosterone (T), oestrone (E )

and oestradiol (E plas obtahxed every 30 mimites between 0430 and 0830 on a

control

morning (

%2 concantrdtions in Blood sam

1

e-Dex) and on the following morning after treatment with dexamethasone 2mg at 2,00h (Post-
Dax) and, in three subjects during the last four hours of & six hour infusion of tetracosactrin (ACTH).
(8ignificance of differences from Pre-Dex levels: e p = €0.001, ## p =< 0.01, # p ={0,05. (M) denotes the
Mann Whitney U test).

NO AGE YEARS WT

20

16

28

53

31;9"

MP/OV (Kg)
1.9 6i
L.O 72
(ov)

- 15.0 : h

~ (ov) '
0.9 M
2,0 64 |

(ov)

%
DIFF

+12
+1l

) +19 |

+16

SAMPLING
PERIOD

Pre~Dax

Post-Dex |

ACTH
Pre~Dex

Post=Dex

ACTH

Pre-Dex

P_ost-Dex
ACTH

Pre~Dex
Post~Dex

B Pre-Deu:
: Post-Dez

F A , T
pe/d , ng/dl . ng/d -
20.8 + 5.3 190.2 +53.1 65.9 + 8.9

E
ng/&l

5.8 + 1.8

2o+o*=‘}*M 378+8*3*H u35+6*§* 2.7+1*§*

3l + 1%8*00), 297.5 +1.6*6*

82,3 + 61 10.1 + 1*3* |

13.5 + 6.7  102.7 +41.7 3.7+ 7.2 .6+0h
1.1 + 08 M)gg W0 (M) g oy % g HRH(N)
h2.5 » 8.8%  183.3 +2278* 2841 £ 46 2.4 2 0.7
89269 TS5 L0 394 410.9 Tl 1.1
4. M) g ¥ 0% 7.7 L 2 0%
3.7 % B*ﬁ* 104.2 +13*5* 1946 115.9 2.8 + 13FF
806 :_ 1.8 115.0 +28 6 23 6 "’ 2e 1 3.8 ;"_ 0.9
2.2 & 3% 30,5 + 3900 536 + 2.1 1.9 + 018"
10,1 + h.6 1042 +28.6 12,6 + b5 6.l + 2.2
ReRSOR 3'10~~5"?5*M 18,0457 34 x1.7%

E
ng/al

5.0 hd 0.9

b3 + 0.0%

5.7 +1.5

2.3 + 0.3

1.8 + 0.3
3.0 + 0.5

2.0 + 0.6
2.4 + 0.5
300

' 5-)4:_ 0.7

- €L -

S+ 1.0

2.3£0.9
2.0 + Oy



Table 2.8, Clinical detalls and mean + SD sberoid concentrations in blood samples obtained every 30 minutes
between 0430 and 0830 hours on & control morning (Pre-Dex) and a morning one week later after treatment with
dexamethasone 1.5mg daily (Post-Dex) and, in two subjects during the last four hours of & six hour infusion
of tetracosactrin (ACTH). (Significance of difference from Pre-Dex levels: &% p = {0,001, #% p =¢ 0.01.
(M) is Mann Whitney U test) | |

NO AGE  YEARS WT 4 SAMPLING F

- A 7 E, E,
MP/OV (Kg) DIFF  FERIOD pe/d ng/@ ng/dL ng/ly ng/a1
- | Pre-Dax  18.0 + 3. 625 +18.9 202 £5.0 Lh 1.2 3.3 % 0.6 o
7 53 3.0 63 +1.0 Post-Dex 411‘3’@) C26*EF M) 11.0+1.L 2.9+ 05" 1.7 % (O 2 |
| | ACTH 19.0 1 0.7 52k 2107 130 23T B0t 132030 S
R Pre-Dex 16,5 # 5.2 42+ 18,9 L0 + 6.7 L6 + 0.6 3.3 +0.8
19 50 3.0 63 +2J Post-Dex <‘1*.'3*T“’ @EFM 4685 6% 1.0+ M) 4o 1 oM
{on) | ACTH 18 + 2,6 51+ SH* 2,1+ 7R 33409 2,0 4 0

- I o Pre-Dax  10.5 £3J;  88.7+28.9  28.8+43.2 B.2+0.8 3.2 404
21 47 1.1 61 #11.0 ‘ had b
(ov) U7 posteDex  ¢1*8*FCM) (26’;'3*@) N QoW o0, (A A i
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dnrj_ng the infusion and, except for Sub:]ect No. 6 also for four
hours after the infusion. , | '

| Full clinical end sampling details of all the women in this

‘study are given in Appendix IV. | o
RESULTS '

a) Effects of Dexamethasone

The hormone profiles of all the subjects are shown in Fj.guras
2.1 8-2.25 The hormone levels, patterns and interrelationships in
these women on the control night were s:l.milar to those observed in
‘the-more :lnt._ensive hormone profiles (24 hour) of the four postmeno-
pausal women (Fignres 2.1=2.ly, Part 2 8) and thé two ovariectomised
women (Figures 2.13 and 2.1k, Part 2 b) and, in pa.rticular, the
plasma: - concentrations of only cortiso'* and androstenedione ﬂuctuated
 synchronously and with a diurnsl rhythm. The mean plasma. steroid '
concentrations dnring the early morning surge éf”‘ebrtisol and |
 androstenedions, between 0430 and 0830 hours, are shown in Table 2.7
- for the five women subsequently treated with a éingle ’dose of ‘ ’
dexamsthascne, and in Table 2.8 for the other three vomen subsequently .
‘treated with Gexamethasone. for one week. B |
‘The hermons profiles of the five women to whom the 2 mg dose
of dexamethescne was administered at 2400 hours on the night
following the 'control' night, are shown in Figures 2.18-2.22.
In all five women, the early morming surge of cortisol aﬁd
androstenedione was snpprésséd by the é.dministration of the
dexamethasone. The other steroids showed similar levels and
| ﬂnctuaticns to those that occurred on the 5cont1'ol-' ‘night. -The
mean plasma steroid concentrations in thé biood;samples obtained

between 0430 and 0830 hours from each of t’hesev women are also shown



Figure 2.18. Plasma steroid éonc‘entra.ticsn‘s,;in .blood
samples obtained from an ovariectomised woman :(Snb;]ect,
- ¥o. 25) every 30 mimites on a control night, and on
the follouwing night when dexamethasone (Dex) was |
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Figure 2.1 9. Flasma sterold concentratlons .in biobd

 samples ’obtained from a postmenopausal woman (Subject

Yo. 16) every 30 mimutes on & control right, and on

the following might vhen dexamethasone (Du), was_

administered. B
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Figure 2.20. "?lasma steroid concentrations in blood
sampies obtained from an ovariectomised woman: (Subject
Ho. 20) every 30 mimtes on a control atght, end on
the following might when dexamethasone (Dex). was
edministered, and tetracosactrin ( . ACTH ) was

infused a2t a rabs of 3 Pg/hour for six hours.
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Flgure 2.2, Flasma steroid concentrations in blood
saxrles obtained from an ov&ﬁecton:isedwpm@ (Subject
¥o. 25) every 30 minutes on a control night, and on the
following night when dexamethasone (Dex) was. administered
and tetracosacirin ( ACTH . ) was ini‘usedkfor six hours

st arate of 3 ’}zg/hour.
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Figure 2.22. Flasma ste:oid concentrations in blood
samples obtained from a postmencpaunsal wgmah‘k(Snbject
Ho.-6) everj 30 minutes on & control night, and on
the following might when dexamethasone (Dex) was )
adninistered, and tetracosactrin ( ACTH ) was  »

infused at a rate of 3 P.g/hour for six hours.

‘1"%\)\‘13 M{’ ) |
: ~



- 138 -

. » .
— : o
. 2
. ' se—"""" . .
> - Sa .
S v.x
L - >
2.
a XA“M . . : Ju
L]
. . :
b=l I s
13} v x/}x
A ', ll* v /(
a ¢ .
)
E 1 .
o) A <
: f
[} r—"
Fa ‘ - T — 3
E = - = ==
« . ] o I°
»
i J
. .
Il‘\\.\l\l\.l.ha. ©
ufn. E 1o
“Wx
‘AII
: v-\o&n i
/X[ o
o
Awﬁ ]
-~ .
! ¥ :
Jee
. " . \ a " "R 3 i 1 3 . i i I b " N i N
T N o ) © < .r o ©® ®© = N8 S ] N - W S W W ® o o g S o

1P/ Bu INOMLSIO IP/Bu JOIVHISIO IP/BU INOHALSOI<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>