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THE ROLE OF THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

IN NORMAL AND HYPERTENSIVE PREGNANCY.

R.J. Weir,
SUMMARY

In view of the potent vaso~pressor action of angiotensin II
and the powerful sodium-retaining effect of aldosterone, an investigation
has been made of the role of these substances in normal and hypertensive
pregnancy.,

Initially, the renin-sngiotensin-aldosterone system was examined
in a large number of normal pregnant women, This study mainly
involved the estimation of the plasma concentrations of renin,
renin-substrate, angiotensin II and aldosterone, Measurements were
also made of plasma and urinary electrolytes; plasma proteins,
colloid osmotic pressure and osmolality; blood urea; serum creatinine;
plasma volume and haematocrit - some of these factors having been shown
10 be associated with changes in the remnin-angiotensin-~aldosterone
system in non-pregnant situations, Many of these substances were
measured concurrently and a number were estimated serially during
pregnancy and the puerperium, Plasma concentrations of cortisol,
corticosterone, 1ll-deoxycorticosterone (DOC) and progesterone were
also measured in a number of women.

The circulating levels of renin, renin-substrate, angiotensin II
and aldesterone were found to be increased above the normal non-pregnant
range in many of the women studied. The mean plasma concentrations of
renin-substrate, angiotensin II and aldosterone increased significantly

from the first to the third trimester, whereas mean plasma renin
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concentration fell significantly over the same period although it
remained above the normal non-pregnant range, Following delivery of
the foetus and placenta, plasma renin, angiotensin II and aldosterone
concentrations returned to normal non-pregnant levels within two weeks,
The adwinistration of the oestrogen stilboestrol to suppress lactation
was thought to account for the continuing high level of renin-substrate
up to six weeks post partum, The plasma concentrations of cortisol
and ll-deoxycorticosterone were generally elevated in the last trimester
but most of the values for plasma corticosterone concentration were
within the noxrmal non-pregnant range throughout gestation.,

A significant positive correlation was found between plasma
renin and aldosterone and between plasma renin-substrate and
angiotensin II in the first trimester but not thereafter, while
plasma renin-substrate and aldosterone showed the only significant
correlation when cases at all stages of pregnancy were analysed,
Therefore, in spite of the marked changes which occur, the relationships
between the four major components of the renin-angiotensin-aldosterone
system appear to be more complex in pregnancy than in other physiological
and clinical situetions. A speculative explanation for this lack of
relationship might be the presence in the circulation of "chorionic
renin" whiech could be inactive in the generation of angiotensin II but
which might possibly be involved in the secretion of aldosterone by
gnother pathway as yet unidentified,

The present study has shown that in nmormal pregnancy a positive
correlation exists between plasma sodium and aldesterome concentrations,

suggesting that the increased aldosterone secretion is a primary event



influencing sodium balance rather than a secondary effect of
established sodium depletion. Limited balance studies in two
women showed no evidence of marked sodium retention or excretion at
any stage of gestation, However, it is possible that the raised
circulating levels of aldosterone may be part of the matermal
adaptive process to prophylactically conserve sodium in the face

of a tendency to sodium loss caused by the increased glomerular
filtration rate, the diversion of fluid and electrolytes to the
foeto-placental unit and the natriuretic and anti-aldosterone
effect of increased progesterone secretion,

In a small study, symptoms in early pregnancy did mot appear
to be related to concurrent plasma levels of renin, renin-~substrate,
angiotensin II, aldosterone or sodium but they did show a negative
correlation with plasma potassium concentration, Hypokalaemia
may therefore contribute to some of the symptoms in the first

trimester.

The renin-sngiotensin-aldosterone system was also investigated
in women who had developed hypertension (B.P. 140/90 or over) with
albuminuria after the 24th week of pregnaency. The results were
compared with those from normal pregnant women matched for age,
parity and gestation, The mean plasma concentratioms of renin,
renin-substrate, angiotensin II and aldosterone were all significantly
lower in the hypertensive compared to the normotensive group. Plasma
electrolytes did not differ significantly but blood urea and serum

creatinine were both increased in the women with hypertension,



A study of the effect of oestrogen-progestogen oral
contraceptives on the renin-aungiotensin-~aldosterone system was
thought to be pertinent to the larger study of pregnancy.
Normotensive women taking oestrogen-progestogen oral contraceptives
demonstrated an increase in plasma renin-substrate concentration
similar to that found in normal pregrancy and this was shown to be
due to the oestrogenic component, Plasma concentrations of renin,
angiotensin II and aldosterone showed no significant change. In
women who developed a raised blood pressure (140/90 or over) while
taking oestrogen—progestogen oral contraceptives, plasma renin and
renin-substrate concentrations were similar to those in the
normotensive women, while mean plasma angiotensin II concentration

showed a slight rise of borderline statistical significance.

In normal pregnancy, therefore, profound changes occur in the
renin-angiotensin-aldosterone system which may be related to the
maintenance of maternal fluid and electrolyte homeostasis., These
changes are less marked in women with hypertensive disease of
pregnancy and it seems possible that in this condition the system
is being suppressed by an excess of circulating mineralocorticoid

which has yet to be identified,
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CHANTER 1

INTRODUCTION

"The discovery of the boxin in JYoxacumic casea Ly means of o
perfeceted physiological chenistry will point to its antidoteY,
Professor fnand RHowth, Fresidential Addvess to the Ghatedricel

Society of Londony 1911,

iyportengion in pz*e@aﬁcy rempins one of the major causes of
materaal end foetal mortality. The fact that nuserous investigators
ever the yeers have failed to waravel its couspe lends fascination to
this condition, which has apily been called "dic Krankheid der
Theorien® - the discase of theories (Boyd, 1958).

In regent years, one of the theeries in vogue has been thad
voloed Dlood pressure in prepuancey mwight be essecicted with changes
in the mnin-angiotensianlﬂosterone system, sagiotensin XX being o
powerful ﬁaseconstrictor and aldestorene having a potent godiuwm-
votaining edfect, However, although the reletionships between
plogsin rening rveninwsubsbrato, angiotensin IX a.ad aldosterone have
now been defined in o ounher of physieologicel and patholoegical
sitegtiona, their relabtiomships ir nowmal pregnoncy have yob to be
clearly elucidoted, while their role in pregusuncy hypertension has
rvesipined mainly speculatives -

In the MRC Blood Pressure Uait ot the Western Infiwmary,
Glasgows mothods hove heen developed for measuring plasue
concentrations of venin, renin-substrato, angictensin IX, oldosberene
and other mineralocorticoids, The purpose of the work presented
heve vas to epply those methods to a detailed siudy of the physiclogical
relationships of renin, renin-substrate, angiotencin II and aldestovene
in normal prognavey and to follow this by om oxamimation of thoir

poossible pathological role in pregnoncy hypertengion,
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Wonen taliing ocsitvegen-progestopen oral comtraceptives
could be consideredd as o pavitial medel fov the effects of
the steroid sex hormones secveted during pregamneye As
hypertonglion ey e induced by these prepovations, it wag
thought that on investigation of vhe changes in the Ponine
auglobensin-cldesterone systen in women teking contraceptive
sterelds might he applicable to the lovger problem of

hypertonsive digesse of progneieys




CHAPTIR 3

RN IN-ANGICTINSIN-ALDOSTERONE RELATTONSHIPS IN  NON-PREGNANT
SITUATIONS.

Reondn renimsuﬁstrate and anciotensing

Peniuw was found as a pressor sthstance present in exdiacts
of renal cortex by Tigerstedt ond Dergmon (1898) end Pickewing
and Prinzmedal (1938) and im thought to he secveted by the
Jjuxtoglowerular colls of the kiduoy (sce Drovm, Davies, Lover
end Robertson, mﬁﬁa); A renin~like substonce has also been
demonstrated in salivary gleonds and arteriol walls {(sec Browm
ot aly 1966a), and in uierus, plecenta and szmiotic fluid (cee
Chapter 6.D),

In the plasuo renin reacts with an alpha-2 globulin
(renin-substrate, angiotensinogen) to form a decapeptide,
angiotensin X, vhich is subseguently converted to an octapeptide,
angiotensin II (Figure 1), The octapeptide io. then broken down
into peptide fragments by bleod and tissue peplideses
(engiotensinases) (see Pape ond Bumpus, 19613 Loe, 1969).

In most situntions it eppears likely that chenges in the
concentration of the enzyme venin comirol the level of

cireuleting angiotensin (Figure 2) bub theorctically it is possible
that subgtrate cﬁment?aﬁim may slso be a factor limiting the rate
of foraobtion of‘ angiotonsin, Ividence fowx this has heen givea by
Helwer and Judson (1%‘?) and Shinner, Lusbers and Sywonds

(1969;  1972), but it hos been diepwted by Gould, Skeggs ond

Kot (1966, | |



SUBSTRATE

<+———— RENIN

Y
ANGIOTENSIN -I

ANGIOTENSIN -1I

BP THIRST
CATECHOLAMINES ADH
RENAL  ALDOSTERONE
FUNCTION

o

— - - -

Figure 1. The renin-anglotensin system.
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The role of these sudstauces both in health and disease
venains incosplotely understood, but 28 far as is kmows, renin
itself hae no divect physiglogical effeot; its various cctions
being mediated by angiotensin,  Althouzh the decapeptide.
ongletongin I say have pharsncolegical effects on cewdain .
tisoues {Cavridre and Biven, 1970) and the 2 -8 heptapepbide
fragments may stimulabe aldostorene scoretion (Blair-test,
Coghlan, m&:m; Pandery Scogging and Wright, 1971) the
cebapepbide form, ongiotensin Iiy has the mejor physiclogical
and pharscological actions,

Angiotensin I has a profound influence oﬁi the eonbrol
of cleptwelyte and wa’t.er moteholign avd of hleood presguraey
¥t may proumete smliw:z retention and potassing exoretion
indiveatly by its ability o stimalote cldosterone secrvetion
(zee next section), In addition to its vassconstrictor ead
progsor effect, it eliers the exerction of sodium and waber
by the Lidooys ond mny alse stizzztﬂét@ the velease of anbidiuvetic
hormone md catecholanines and provoke thix-aﬂl (‘&me Lroun eb aly

1866ag Brown, Fraser, Lever and Robertsmm 1“6!;:*«; ‘tiéa,“ -19693

Fltzgioons and Simens, 19693 Donjour anﬁ M:;aﬁm 1970; Brown,
Chinn, Gavras, Lechie, Lever, Meliropor, z\:cmt.zm tmﬁ Robertoon,
197h).  Although many of these effoeds are :ln'&:er«-relatez} and,
aro involved in the ovewrnll 2luid and eleetwolyte bolance of

q

the body, it is its effech on aldostorone seorebion which will be

canmiﬁereﬂ in deball in this study,



Renin, ecagiotensin and eldosterone,

Aldogtcrone is o very potent gsteroid hormone scereted
by the zona glomerulosa cells of tﬁe adreaal cortex, It
wac fixst isolated in 1953 (Siupson, Tait, Wettstein, Neher,
von Duw ond Beichstein). Its main effcét is on the renal
tubules where it prowotes sodiwm rechsorption and camses
inereased potaspiwn excretion, It also dec¢reases the NasK
vatio af saliva, sweat and gostroeéutestinel secretions {see Fraser,
Brown, Chimm, Yever and Heheritson, 19693 Brown, Fraser, Lever and
Robertson, 197¢b),

The eenitrol of aldosterone secieotion has beenn discussed in
detail by Fraser et al (1969) a!ia Brown eb ol (1972b), with
pavticular reforence to sbtinmlation by ACTH, sodiuwm depletion,
potasoiug leé.ding and reninfangiotensin,

Although it still vemainsg to be demonstryated that the
eoncentrations of ronin or angiotensin YI in the plasma are
within a range capable ¢f affecting aldosterone sceretion
(Blair-West, Coghlon, Denbon, Funder and Scogmins, 10723
Doyd, Adomson, Arnold; James end Peart, 19783 Brown et al,
1078hs  Davis, 1972), there is strong circumstantinl evidence
o suggest that sldostorone production may be governed, at
least in part, by changes in cirveulating levels of renin and
ongiotensin I (see Browa ot al, 19683 Frasor ot aly 19693
Brown eb aly, 197la; 1972h).  Angiotensin IT may also effect
the rate of clearance of aldosteorone from the cireulation (see

Fraser ot nly 1969),

10.




A velationship between aldosterone end engiotengin IX
in nan has been reported by several workers whe have |
denongbrated increases in aldosterone seerction and exerotion
(Gonest, Nowaegynski, Koiw, Sendor a::;d Biron, 19603 Lev
Aagens, Kelly aud Licheruan, 19603 Biron, Koiw, Nowaczynsici,
DBroullet and Genest, 1961; Anes, P»orl;qwaki, Sicinski and
| Laragh, 1065), and in galaam# concantraiiéni?xaaer, Janes,
Brown, lseac, ljfmre:‘w cmd Robertson, 1965) following systeuie
infusion of ang,iotenﬂin II (Figure 3). |
Caz'xelatea chonz,es in concurrent x:iasma renm/mwioﬁmsin 13
and gldosterone ewcentre.tions have been shown in several
situations, porticularly those sssocioted with sodium deplotion
(Figure &), (I*’rése? ot al, 196.‘3: Fraser, Jaucs, Drown, Davies,
Lover and ﬁobertaon, 19665 Frasew ot al, 1959). A positive
corrvolation between plasme renin/engiotensin aud aidosterone
eanconﬁmi;ien has also been dmonstmteﬂ fm cases ‘ai" renal
| hygwrtemsiou and hygnert.,namn aesaomteﬂ with chronit; renel
failuve (Figuve §) (men, maturﬂmck, E‘razsar, Lever, Tobertson,

Tree end Weir; 1971b).

1k,
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M@&PM{)M MITHODS

Tho subsbonces enalysed in the studies fo be described weve
megsured oo £ollougie

Plosng ronin concontrabion.

Dy the engyme hinctic method of Drawn, Eavies,. Lover,
Robertoon and Tree (1906%).

In thio tcchmique renin is exbracted from plasua by
adooxpiicn on dicthylaninocthyleellulose, elwied, cnd ceidified
to removo traeces of a.u@;ioﬁmsinaaes. An important fuoetion eof
this precess io the removol of substrete, cglivators aud inhibitors.
It is then incubated with & sbandavrd preporation of angiotonsinosos
froo subgtrate obbtained from ox gerum, The augletensin formed is
measuved by its pressor effect on on cnacsthetised rab pmopavabion
compared to standard octapeptide angiotengin IX, The init
veloeity of cnpiotensin fowmption in the incubation mixture is in
these civeunstances a measuwe of the renin concentration of tho plasiine

Recoverios ave low (407) but conpistent, Roplicate
ogbinotions £rom o stock plasma pool during tho poried of this
ptudy chowed o mean of 25,97 units/L (S.Ds & 3,98), a = 62,
~The noxsal wange in non-prognent subjects is & ~ 20 uwnito/L,

A nunber of other methods measure plasmo renin getivity
vothor than consentration (sce Loe, 1909). These tochnigues
ugnelly invelve destructien or ineebivatblon of angiotensinescg,
folloved by incubotion of the plasma sample for a fixed poriod,

useally 35 hourcs The gugletenpin formed io then o neasurc of




the ronin acbivity of the sample, A4s it nay be affected by
pubatraie present in the plesma, it gives a difforent kind of
infomgbion conpared with the methed for renin cencenirabion,
Whon plasme renin subatrate concentvaticn can bo moasured
aseparately, cotinmotion of plasma renin concentration is likely
o e more infonmative then meosurenent of plasma renin activity.
Botinabion of plasma renin conceniration or aebivity mey
be effepted by eny achivabtor or inhibitor remaining in dhe
incuhated souple end by feilure to estimnte Yosses of remin op
subsirate duving the precess of ongiotensoinase destruction or
inoctivation, Alse, somoe of the technigues fail o deteot vewin

activity in o proportion of nomnal subjects,

Plasma renin substrate concenwration.

By the mothod of 'i‘x;ee (2972},

The cascnce of this btechunique, o8 in a number of previcusly
reportod netheds (see Les, 1069}, iz the convorsion of the
subsbrate o auglotensin I using o high concéntration of added
veain, at ﬁne gome btime prevending the depredetion of the formed
angiotongin by means of pidor inhibition of plésna peptidasoes.

The bleod ecolleeted obv venepuncture is imiediotely mixed
vith on englotonsin imﬁﬁbiter oolution containing cthyleone
dicmine tetra~pecolic aeid (E’ﬁ‘i‘A), o~phenanthreline-uonohydrate
end meonyein %ﬁﬁ’asx’. ITIm mixture is thon incubated with a
atondevd oxcess guouns of hwaen werin, The sugictonsin formed

ig weasured by ite pressoy effeet on an amsesthetised rad

13




prepavation compored to standard deenpeptide angiotensin I,
The acount of angioteasin Zoxmed in the incubation mizituwe is
thea o meosure of the concentration of renin substrate in the
plosmge

Rocovery of substrate through the method is 9%, Replicate
catimationn of 40 souplos measured in 2 batches had coefficients
of vaviation of 8,40 ;eml 10.7%. The range in 50 normel
nou~prognant fonales was 0,45 « 1,28 u“x%i;

DifZerences in teeimiéae arve likely to. conidribute to the
vide variation in plasmo renin substrate concentration which
hage been raporded previously for noxmal subjects (seo Tree,
1972)s Moot of the mothods deseribed give no details of
recovery data, only o few show thal conversion of gubglrate to
enpictensin is completey end none confivms thob the assayed

engiotensin ig in tho same moleeulor foram as tho standards

Plogma enpiotensin IT conceatwvabions

By the radiohmmunoessay wothed of Disterdieck and MeBlwee {(1971).
In this teehnique angiotecnsineses and converting ensyme ave
inhibited by a@éing the sanpled blood quiekly o an inhibitor
golntion containing othylene diamine tétra—aceﬁa ecid {(mora)
and e-phemmﬁhmliﬁc in uemﬁcm baifer, The augiotensin i
then oxbracted by Dowex (%) povticles, eluted with ammonia and
inéuba%eﬁ vith rabbit ontiserwn containing antibodies apringt
Asn-%?c.\:lg—angiotemin 1I, Asnl\falf;—mgioténsin 11 iodinated

vith Nao 251. is used as the redicaective label,

14,
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Reeoverios from blood for this teclmigue were 83
(S.Dy kA 11, n = &4},  Replicoteswithin ome assay varied ohout
their meen by o stendard doviation of & 108, n = 16,  Povipheral
venons plasma concentrationa in 33 mnormal adults ranged fvoa 5 to
35 pg/ole

The wesults oblained by this methed ave similar to these
of other redio-immunonssay tLechnigues using exitracted plasmna,
but lover then these found with wextrocted plasus (see Pusterdiccl
oad Mollwee, 1971)s  This diffewence may be due to cvess-veaciion
of gntiserun with repin substrate in the wexbtracted sampless
Bioassey methods, which ove in geneval less satisfactory than
m&io_iummmassay technigues, hove shown either sindler noragl
lovels to those found hewe (Mulrow, 196%3)or eonsiderably hisher

valuen {Mosoand, Finkelman, Worcel, Agvest end Paladini, 1966).

Ploona aldesterone, corticosterone and coxtbisol eaneentmtiohe.
of Frager and James (1968).

in this methed, Imewns quamtitics of the (MC) steroids
under inveatigation ave added as tracers to the plasma before
cutroetions The extract is then acotylated with (Bﬁ) anctie
evhydride and the acctatos subsequently eubjected to Eéel:imiuary
chmma%gm@hie purificsbion with o thin-layer oilica gol systhon,
The labelled asetates of oldestevone, coriicosterone and corbisel
are hon purified sepavately by papew chwomotography and the

finel vesiduos cownted in o liguid seinbillation apectrometers
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Becoveories, replicate catimabions from o stech plama

rool and nomial ranges are shownss

Aldosterone (mas/100m1)
Cordicostovone (ng/l00ul)
Cortisol {ug/l00nl)

Recovery of |Replicate estimatiens | Nowsal
edded gtevoial noneprogient
& Moan . =S,0. . n | ronges
D524 el 10,46 - 0,0 22 0elF » 8.5

1009y 9945 6438 Ge 1D . 82 0s0 = 2040

In eomparison to isobtope devivative mothods, other chemical

teelnigues In genered do nod provide as greab » degrec .of

sengitivity in the measuvement of the low concentrations of storeid

hommones found dn perdpheval plasine

ven with the igclope

derivobtive mothed wsed in this siudy, the senoitivity. ip limited

{i.ce Yo about & mug/l00 wl fer aldesterone)s This is mainly duc

$o the low spoeifie notivity of (3H) acotic ambydride,

4 simpley way of estiwating aldestercame is by neasurenent
ay

of ite deily exerotiem into the uvrine by fluovivetriec, colorimotriec

or logtopic wethods, These techuigues, hovever, have twe main

dioodventogens (1) As o moteholite, uvinayy free aldosterono

or iis J-oxoconjupote represents only o miner proportion of the

total deily mecredion of nldonteromes end (2) The quendity of

a single metabolito wey vory éiﬂpmﬁaarﬁimmtely to the dobal

secrabion rote,
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See;*eﬁ?.am rato measllaremen'bs are theoretically more
eccoplabloy since they ggi.vc an indirect estimote of the actual
production of stereids by the advenel gleand integrated over o
Rh-hiour periods Thoy ars, however, move difficult to porform
than oxcrotion rote csseys {see Froscr et al, 1969)’.“:‘

Alﬁzhough plasag gaﬂeenﬁgaﬁiam has '&ﬁm'disaﬁvgﬂ'&age of
heing o neasurenent ab one point in tiue, 'i"‘s m preferable to
ezzcm'_&sitm aed secrebicn rabo meas °mneaatsa_in thot saupling ie
relobivoly easy and less dime cmmmnimg and can be sfe;mateé ab
shord indorvalse ‘ In addition, it can be eor;f:clfgtgﬁ with other

pubotonces epbinated ia plecwa token ab the same bime.

voeowbicogberone (B0} consenbyraticite

By the method of Wilson end Fraser (1971).

To his mothed (ﬁﬁ) DO¢ ds added to the plesmo boefome
entrastion, Two thin-loyevr chromglographie systens ave
cuployed, and the auound of I3C in the sample is measured by
mesns of ges-liguid chromotsgraphy with clectron capture
deteabion,

Afbey addition of 5, 10, 15 and 20 ng. B0 tc seupies
of a nozmwl plasee pool, the mesns of duplicale vecoveries
vore 930, 1000, 92% and Ok respectively, Replicate assays
carriod out on sauples fyrom thyree differvent posls of momual
plaging geve moan DST conventrations (:E.n. ng/%ﬂ@ nly RN o)
of 18,1 L 2,32 (m = 7), 15,0 £ 5,36 (0=8) ond 6.7 ¥ 1,08 (a = 7).

Plosus panples S£rom £0 nowmal aubuient subjects (12 wale, O female)




18,

Pelion Dotcenr 10,00 and 13,00 ol gove concentrations ranging
from 4,1 to 17.2 ng/100 ml,

This method has the advantages of gos-liquid chromatography
vhich is an extremely efiective purification teghmnique, and of
electron capture detoction witich possesses a high level of
sengitivity, The use of s deteetor by-pass valve largely
overcomes the problem of countaninetion {sce Wilson aond Fraser,
1971), The nowual range found by this methed is very similar
to that reported fpr o double isotope derivative technique

{Jamen, Rippon cnd Arnold, 1969).

gther peasurenentss

Plosmo progesterobe concentration ~ Modification of the

eompebitive protein-hinding methed of Mariin, Cooke and Dlack (1970).

mésma%mé' urinery sodiun § » Tppendorf flame photometer in firvet studyy

% .
Plogna ond urinary gomsimn

autoanalyser in subsequent studies,

Plasma omo!ality% = Advanced csmouncter,
Dlood and wrinarvy urves : _

' . ' w Autoanalygers
Soxun ond urinary ereatinine

Plasua proboins : - Bitn’et. method in first study; paper
clectrophovesis in subsequent studies,

Urinory proteins w Mbustiz (Anes Ltd.) in firet studyy in
subsequent gtudies; turbidometrie
method :in_most cosesy Bsbach's reagent

in some cases with morked proteinuria,
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Colloid omsmotic pressure « Rowe ¢olloid osuonctor

Plasua valwna* = Mothod using Evanc Blue, os descyibed by
Tytten and Pointin (1963).

Yrinery osstyiol « Autoonalyser (method of Barmard ond

Logen, 15379) .

CLINICAL METUOD

Bleb, posture, bime of sompling end elinical details of
the cases will Be given later for oach gﬁus}y.

ﬁiooc‘l presoure was neasured using a standord sphypmonaneneter
and cuff,

Blood sauples wore talken frow en anbeenbital vein in overy

L0,

STATISTICAL ANALYSIS,
W ” - "

naltyois of the data in the first study (Chapler 5.4) vas

earricd out by an Doglish Eleolrie LD § digii;al couputer prograwied
for nuldiple wegresnion analysis, In subsoyguont studies o MHewlebte
Packard 98104 Desk Gaiculatox'. was usedy apert fron a atepwwice
regression coleulation caxried out in the second study (Cheptor 5.3}
' by an I8 "560 50 eézu;mﬁer. - Where agagai'opriate, resulds Dedieen
motehed paive wore compared uwsing the Wilcoxdn test fow puiv
difforences (Docunents Geigy Scienbific 'éahlca, Soventh Bdition,

P 192).\

*The wean of duplicate wmcasurcueais wos used for stotisiticol onalysis.
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CHOPTER B

LITIRATURE _EEVIRN,

A, PLASMA BININ, RENIN-SUBCSTRATE AND ARGEOTINSIN _IT

IV _NORVAL _FRUGNANCY,

The digtinction heotween plasma wenin activily aad plasus
renin concontrabion hes alveedy beon drawn {see Cheptew %3)e As
plasns 339313211—511‘%;str§ta is morkedly iacrensed dawing prognovey
(sec Chapter 5), estimation of piasme wenin activity in this
situption ia likely to be less mneasningful than measurencnt of
hoth plasma venin soncemtrabion and substrate concentrobion vhen
sempled eoncurrently.

Froviously reporied resulis using these dve different
metheds of measuring plosua renin will thorefore be discussed

soparately.

PLASMA HENIN _ACTIVITY,

The disadvantoges of this wethod, vhich have bheen meniéioied
eavlicr (Chopter 3), should he kept in mind vhen interpreding
the mmnerous published reperts of changes in plasma renin activity
in nowmal prognaney {Fastivle,idesVitey !?:b;zzem aud Cuochiy 19643
Winew, 1965; Genest, de Chanplain, Veyrab, Doucher, Trenhloy
Strong, Hofw and Mevc-fursle, 19053 Helmer and Judson, 19673
Geelhocd end Vender, 19683 Boonshaft, 0'Conmell, Hoyes aud
Sehyeinery 1908; Gordon, Farsons end Symonds, 1969; lambers, 19703




o0,

Schaddb and Dosenthal, 1971; Hokot cad Cokdnghi, 1972,
Skinner et al, 1978).

Dae o varietions in beclmique, posiure, diet end time
of sampling, it is nob possible vo moke o diveed comporison
of tho levels of plogna renin sebivity found by these different
groups,  Hovever, all suthows reperded o general incresse in
. plasme renin aetdvity in novmal pregnaney, apari from cne
veport {Moebashi, Aida, Yoshinogn, Abe, Mive and Wobonahe, 1964)
in vhich no significant difference frem the norual non-pregoant
rouse was demongtreted, Cousistent inereases were found
by tuwo groups {(Geelhoed amd Vendew, 10685 Bosnohaft ot al,
1968) s vhereas in the other pevies & vasying wmaiber of women
had levels within the nomsal non-pregnent range. Parity 2id
not appear o influcnce the changes in plasme ronin ae%ivity
in any of the series yeported,

fn two cindies inecluding early preguaoncy {Gemest ok al,
19265 Holmer and Judson, 1967), inereaced plasme veuin achivity
was found as eanly as & weeks and @ weeks gestation, Hovever,
the pregressive rise in plasma ronin activity hetween the 4th
and 21t week Jomonstratod by Geumest and his colleagwes (1965)
vas not confimed over the same peried by lelmer and Judson
{1967)s Gerdon end his group (1969) found no significont
differcnee hotweon gestational perieds from the 13th week to
toxmg  ond Schnidd and Rosenthal (1971) found the mean value

fow the last 10 weeks to be loveyr tham that for the preceding



10 wooks of progoongys A pesoiblo dsodvantoge of thoge swedien

4.

dg thad the poosuressnds wers made on fudivident wenem ab

<

Hifepent sthges of pregesncys  Sexdol megvuroucats duelng

preguaney da dhe sone wesen pdoht be moro woaningiole

Bffeot of Pootues and Piote

& nowoal ;;ﬁagfcsimcmaaﬁ. dnescase of ploowg penin aebivity
vas shom $o ceomy in progoumd wvenon who chapsed Soom ke
gupdne o tho wprdght posture (Poonshofs ob ol, 1000, A
Lovgor dnercngn ccowrred in wemer who deok o lov oold dicd
{Rocmsho a&g 1860Y, bud thove von o concidercble overlap
with tho rey ;:2 feuad dn wonen o on wavestrictod ddet (Gonood
ob oly 16097 Gordon ob o1y 3060)s No signiflicond difforoemeo
was opperent in wonen dwooted vith thiswido e%mm'.t-mm {Eotnew

ond dudsony 15067)s

eaeeh of ’23@&3:;;&

Howopds on the effoeds of Lobawy orw essmﬂé,{zm@n 1
ohowing an fnereace dn plosus ronin colivity (Geolheod aad

- Y

Vordeirs 2953} wnd ane o deononse (Hokuey and Judsouy 196Y).

Ehomines T dhe Paoy 32’:&‘.@.&9...

-

Afbee deliveny of the feodup aed ploccndn, plassn veadn

2 emod ok & N 3 o =1 & ot e B . o —
efbivity vorodned high dun pone onses fon up Yo 7 days, bud hod
' ¢
.

Pald an Ho nosmnd "AJ}N’W&&E&{E\WG Lovel T*‘* 2 woehs postepavim

":

Iy

.

Holmaw and dudoon, 057§ Geolhood oad 9&32&@23, 106853,
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sitawbiou,

In p abuly

plagss venin coasendpation was found 4o bo rolsed in 89 eo

{ironmy Bowion,

O

wonen on on soregtriotod dlods

lovelin soeuvred
‘3 ey ‘L‘

PROER

Yakon fo oidh

vohuas belng dn the i

asaive wiao

20y

PHUINS AT TR,
LRI,

alading lovols

o,

:ﬁ'emm e:smwmm'ism‘im ﬂe o hoon peh

tm&m;ia*l thaan plasen renin cebivity i thin

oF 59 momand 1oab varlons gttges of pRogaaneyy

]

Boalyy Bovor wad Nobonbsons 2503)s  %ho smples

w thg eitding or dwing posidion wiih $he

Imerensed edveulabing vonin
wh all obages of propuoney, soverel of tho
WO R0

plosnn ponin concendration durdnyg prognoncy,

in condynst to e plasws vomin aclivity measuvenonbs of Gonoss
and his seliengues {A065)

in o subsognent sbedy { RBvowny Hovies, Sooly Lower aad
soberionn, (3966h) poviel sobimelionn of pleses vendn ooonontiabion
vare coveded ond ob dodesvals throughoud z&'@gume‘xy In soven
nozmal womon on QL QROEES 'xia,%m‘ il o coeh eose the plosng
ponin dovwoks wero @?ﬁﬂ"‘i@ o sereal neneprepent veage (& o 80

valts/litre) o wosh ooeosionsy ane vonnn having o concendvniion
of S5 enltnfiitee o cewly oo § woeks oftor the looh mengbvual
perdcds A8 dn dho preceding siuidy of o lovge numhber of individual
easen (Browm ob oly 1003)s thone copdal mousuwenonds ih o oveld
avwfon of wonon shoued ne consistond vhonne v plopms roslv
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coneontrabion from corly p&*egzmney o bonu, -

Uging the seme ucthod, my ¢olleagues and I have emﬁ.’imed
those findings. Tho vesulis of our earlier l;e;)ori;s; (Veix,
Paintin, Roberbson, Tres, Frasew eand Young, 1970s; Weir, Painbin,
Brown, Froser, Lever, Hobewbson end Young, 19714)will be
described with those of our subsequent levger sbudy in Chopter H¢

fur results hove slgo been condimied in o suoller study
by luabers (19‘?‘&3}, wlfw dencpstrated inc;a’ef:zse@ plasna reain
concenerations in the lagt 8 weekhs ol preguouey in adl 6 of the
women studlied 'bg fagiry

Sexum vewin concontyabion was qlwwn 'i;p be a’éaove. the aomel
non-prognant rauge in f‘? cages vhen weasuved in 3% novmpl wowmen
on an wnpondrelled diet bobween 16 nud %9 weeks' gesbation
(Gould eb al, 2066)s The emthors did mot comwent oa the levels
ob diffowvent stages of pregnoney bub on onelysing their resuits,
I have fomd that the highest values oeeu;*zeeﬂ in the last
trivecier, No adegualc coaparison with the grm‘iﬂus stndies
ig possible gs the renin concontpation was weasured ia sorumy
e diZferent wethold vas uwsed, the nuuhen of iadividual casen studied

was suall, aud no serial estimabiouns were modey

AL 5 K] S . S
Effoots o posture and diets

Ao for as is kaown, thowe have Decn no zeporte on the eifeets
of chabges of posturce o of sodiwn halance on plasmua renin

concentrabion in pregnant vomen,
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Bffects of deliverys

Using o wmethod similar o owr oum, Shkimner, Immbers end
Symonds {1968) Zound ¢1em{mﬂ plasme penin corcentrations ab
dolivery in each of & noymotengive wonen, No ether materaal
plasma sonples were obteined dn vhab was mainly o obudy of
vonin-like actividy in foetal and maternel tissuss (see

Chopter 6, D).

Chanres in the puerpoeriun,

Flasma renin concensrations smzasm.'éé iz 10 women within
twe months of pavitubition were Found 4o be in the nomal none
prognant aﬂmﬁe {Brown ¢t al, 1963} In 3 women with inevessed
- plesme reunin copeentvabions in late pregeancyy serial esbimaiions
shewed a fell after delivexy of the foetus aud placendbs, hub in
one case the renin lovel was still shove the mozmal neu~propnenh
vones ofber & deys {Browm b oy 19606b)s  No mawked chenmpe
ocourved poosh pavtug in 3 women vho had plasas renin concentwobions

within the acrmol nonepreegnent ravge hefove delivery,

PLASHA RENIN SUBSTRANGE CONCINTRATION,

Disedvantnges of gome of the wethods used to measure plasun
vordin gubstrate concentiabion hove boon wenbtioned previously

(ze0 Choptor 5)s




In apw to of shose poosible disadventages, veporis of

plogma renin gubstrate coneenbration in novmal pregaaney have

showa a genoval consistencyie
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The results deseribed by Pickens and his colleagues (1965)
ore very pimiley te those of Gowld and her associates {(19066).
Helmer and Judson (1967), hovever, reported a rather lower
renge in novael pregoandt wetn.  This could be due to the
inclugion of date fwonm :&,he caxly weeks of pregnemney, bus theiy
moan of 485 ng/mi. for noxuwal non-preognent subjeets is alse lover
than thet gueted in other series, This could Be expleined by
o lov secovery of angiotensin as o resuld of incomplete inactivation
of engiotenginascs,

The eevliest neasuvemendt in Helmer and Judson's study weo
o O weolss gestation, when a plasma renin subatyate concentration
of 830 ng/ml. wes shown, [MHighor ecivenlating levels of substrate
vore Lowad lator in j;omgmmcy, but o progressive rise of plosma
reuin subotwate during prognoncy could not be assamed fyow thosge
dota es only & measaranento were medo heforoe 20 weelks' gestation, |
However, o similof trend was scer in the preliminary resulis fyvon
our own studies (Veir ot aly 1970n; Rebewtson, Weir, Misterdicclk,
Frosor cad Yree, 1971 -~ v be deseribed vith the subsocguent
loxvger study in Chapbew 5) and this has rocemtly been siatisiically

confirmed by Shinmer and his group (1972).

Effects of Poutuve ond Dicte

Aa faw po in Imowva, plesne renin-substrate concentration
in not aifectod by changes in postuire or of cleciwolyte balanso
in the nommel men-prognant state (gce Leey 19G9), and pregaand

women arg walikely o show o difforent response., In onc sludy




(liclmer and Judson, 1967) thiazide medication in 7 women did

not appeay to infiuence the resulis,

Changes duvine lavouxr and in the pucrperiwa,

In % cases studied by Helmer and Judson (1967) e tremsicnt
rise in plasma renin sabstrabte conceatration occurred after
delivery, In g fuvther 16 women the substrate level vemained
high for up to % days after delivery in most cases but had

fallen to norasl nonwpresnant limits after 2 wecks,

BLOOD AND FLASIA ANGIOTENSIN CONCINTRATION.

Puwo studics of circulating wngiotensin levels in pregmancy
have been veported w that of Messani, Sanguinetdi, Gallegos and
Roimondi {1967) end preliminewy wesults of our own study
(Robortoon ot al, 1971)s Deteils of our resulls which were
obtaived vith a radioiwwmanoassay method, ave given laolew
{Chapter 5)e

| Yoasani and her colleapues uwsed a chemical exbtraction
procedure combined with o Dioassey which did not distinguish
belveon englotensin I ond Ile Using ayrtorial wihole blocd
sauples Zrom women who had rested overnight, they found o ronge
of 12% to 290 poful (meen = 200 L 22 SiB,) during the third
trinester in 9 nowunl pregomont suwbjects, This compoved with
e vange of 0 to 193 peful, (meon = 120 Iy Selis ) dn 7 2onw

progeont noractensive patients,  Thus, although there was an

e




ovarlap hetuwcen ithe gﬁoupss, the difference m mean angiotensin
bleod levels was significant (p < 0.05), Souples taken from
0 women between 3 and § doys after ﬁclivery showed o £oll in
engiotonuin in & and o vise in L ¢oses, the mean level

(219 I 25 8.B, range 68 to 373 pg/ml) not being significontly
differond :Erom iasm late pregnoncy estmatmn.

Tox wcmeaﬁ, veasons iV io 1il\ezly thot those figures
overes bm'xteﬁ tho lev;ai of englotengin II, Auother eviticism
io that the cam}ml group consisted of potients sufforing Lrom
o variety of diseases whiéh could fgossibly hove iniluenced the

Plood angiotensin concentration,

Diged fngiotensineses.
Various pepiidases prescut in bleod are copable of

ingetivating cizeulating angictenein and are therefore hnown
a&s "engiotonsineses", The texm however does ned mecessavily
iuply o specific ecbion om ongiotensin, Since voriadicons in
ongiotensinase activity wight affect the swrvivael and hence
the concentration of apiotensin, o nunber of measurenents
of emglotensinnse activily hove been made in Dlood from nornad
prognand VORICH |

In 1947, Page found o progressive incrcase in plasue
mgiotemiﬁaae activity during gestation, the levels iam 11

womenr in he second half of preguancy being up o 10 bimes the

lovels found after delivery, A gradual increase in angiobensinase




aativity from 2 months to tern was also shown by Bewger and
Lenghens (1967) and Movrandini end Mangioni (1969), Iigh levels
in late preprancy have besn confirmed in o nuwmbher of other studies
(uickler, Loulew and Thorn, 19633 Nogatsu, Gillospie, Goorge,
Foll ond Glemner, 19653 Talledo, 3.9673 and Iabash, Dard eed Hline,
1960)a

In conlragt, other veporis hove showa mo increase in
englotensinage activity even in late pregnency {(Klaus, 19683
Londestian, Biron, Castellanos, lo Basse aud Wilson, 19633 Blous
ond Biven, 19G4), Difforences in smapling and in mothedology

way possibly oxploin this disevepancy.

Vageulaxr and Renal Pﬁs‘nmses ko Ausiotengin Infusions

A reﬂueti&n in the preosor response to intravenous infusion
of cngiotensin is ehcwae%eéisﬁic of xaszﬂfolag;ieal conditions
sssogiated with higﬁ -cireala'biué lovels of venin and presusably
aengiobe: siﬁ ‘(K&iﬂ@j} ond Silsh, 196%; Drown ob gl, 196053 Iubasgh,
Muiosan, Alicondri, Gorfinkel, Sickiorshi ond Melomnauwghey, 10713
Chinn and Disterdicel, 1973).

It is not surprisimg, thercforey thot the blosd pressume
response bo angiotensin infusion has been shown 4o bo consistently
Pover in the lastd trimester of prognoncy as coupored with the
nonp=prognaat wbate (Rack, Schvocder, Vosner ond Gigee, 19503
Ahdul—-i{aritﬁ end Aﬁzeal‘i, 1861y Chesley, Tolledo, Dohler and Zuspan,
10653 Tolledo, Ehodes end Divingstone, 1966), x:éem&l prognond

vomea ot this sbage of pestetion reguiring ghout 2,5 times nove
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ongiotensin than in the fired trimcster vhen the bleed pressure
response ism siwilor to von-preguent subjects (IawlZiainen,
Bionle, Javvinen cud Virenko, 196&); Peget's suggeation (1948)
that this night be due to inoreased cirenlating levels of
ongiotensinases is supporded by the lower pressor responses
neaver borm (Abdul-Yorinm ond Assali, 1961),when placima
amgiaﬁensiﬂages aro a§ theis highest (see previous section),

Rogiotensin IY gy ;eﬁuea hepatic, splanchnic pnd
powipherel blood 2low in non-progneut situations {(de Buae, lec,
Mottran, Pickerings Brovn, Hee, Peart and Sondevwson, 196%;
Brown, 180%; Drowsen, ;%ﬁﬁ). T} nomasl pregoaney the blood
vessels appear to be lese resyansive ﬁ9 this effegd of
anglotensin, as Inshers (1%?&}.m@uné %ha?_infaseﬂ ragiotensin
II caused o smelley redustion in Lisod 2lovw to the hands im
progaawt compared ta‘mﬁﬂ;gm&@n&nﬁrwnmen.

Pregusney hes alge been shown to wmedify the renal wresponses
b9 anglodennin jufugion, the vrine figw and sodiuwm axcreiion
bodng reduced $o o lesser degres in pregront women iuw the lost
trinester conpared o sen-progiand eentrmi& (Chesley, 196733
Cheoloy, Wyan end Silvérman, 196%). Changes of pusture
eppavently hove no effect on thio diminished rospoise (Chezioy,
Slogn ond Wynm, 196%), Inubkainen ond his colicaiues (196%)
have shown a decreage in sodiun exexetion and creatinine elesvence
after sppiotensin infusion in women betvecon § and 15 wocks?
gesbation, but their resulds avre oyenvﬁa'quﬂstion 28 1o

pisnificant change occuvred in thoir non-prognant conbrols,
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B,  ALDOSUERONE AND OTH MINFRALOCORTLCOIDS IN

HORMAL  PREGNANCY ,

“The advantages and disadvandapes of ostimating aldostevone
xeretion, sccrebion and plesme concentration have been discussed
in Chapter %. Yo date, most of the studies in pregnoney have
involved measurement of excwrebion ond/or secrotion rotes,
Before discussing these, it will Dbe helpful to outline the
possible effects of preguancy on the metabolic cleavance of

aldosterone,

MEFABOLEC —CIEARANCE OF ALDOSTERROND,

The vabio of urinewy free aldosterone to the scereltion vate
of aldostevone was shown to be (.20 & 0,0k {(8.0.) in 6 normal
pregnont women in the last trimester:{Jones, Lloyd-Jones, Riondel,
Tait, Tait, Bulbrook and Greenwood, 1959), This wos sin!ilal‘ to
the ratio. of 0.2 & 0,07 (S.0.) in the nonepregnont groups
Jones and hig associates thovefore suggestbed that, although
there appeared to be a chauge in the palttem of aldostevone
metabolism in presnancy (see next section), theve was litéle
difference in the everall rabe of metsbelism, These resulls
wore subsequently confizmed by the same group (Bait, Litbtle, Toit
and Fleod) 1962) in a comparison between 7 non-pregnant and
O preguant woemen in bhe last trimester, Similax ecleavance

rates have also been demonsibrated in a wore vecent study of
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7 prognend vouen peor tozn ead of 8 coses ot 28 weeka¥ gootontion

{Doayawd, Mmeos, Tappor, Wolden, Hovoroshi and Migeons 19700)
Tadd ond Livtle (1963} zopowied thob thevo was o dooveaso

in pplonclmie eleovense ol pldosderong in pregnoucy and thoy

R §¢£;umc’* that an dnerecse in cxbdrewsplochnile elonmunce occurroeds

agpeciated with dhe footug and placcnte,

ALTOSTERONE  ENGRITICH,

Following the izolatien o eldestevono {simpoon ot ol 19939
otloupts wore wade te dwplicobe this heracnc ia the poathogonesis
of pro-colemsio and eclanpoin {sce Choptor 7)e  Noturally,
nommotensive promiend vouen wore also studieds  Enitiol ropowts
suggested that these wouon hed uvdineey lovolo sinilor 4o 9ok
peognent subjects {Gendon, Chopd, Homodorn cnd Shiploy, 104%0kg
Vonning, Sduger sad Simpsene 1054}, bub improveosent dn toehnicuoes
ioter wovenlod increesed nldosteront ovevedion durping nexuel propnsney
{Bovnos oad Quillipen, 3950; Vomning end Dyeveafuwrih, 106503

Uoing o wowe relioble mothod, Mewéin ond Hiile {1986)

Fovnd arinary oldoaterene o be imevopacd in 55 oud of 98
nosmpl proppand woneny aRd a8 pregpuney propressed thove wes o
vendeney for the aldestorene wvaluns to increnme, although the
seatlor wag gioaters  Smilow zesulls were goporiced by othew
"

groups {Hevcovcly, Weldf cnd Beew, 19573 Dinslow and Highy,

19578 Vomedng, Frivvese, Coliserio ond Dyvenfumid, E*E?ES‘?)}.
1957
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Two later veports have shown an alteration in the pattern
of aldosteronc metabolites exereted in the urine in pregonancy
ag compared with the non-pregnant state {Jones et al, 19593
Pait and Little, 1968), Those workers found that the addition
of a mild acid to the urine wresulted in o greater rvelease of
aldosterone in pregnant compared with non-pregnant women and
they considered that this was due to increased formation of the F-oxo0
heene conjupgate of aldosterone in pregnancy. They sug;gested that
this change in the patiern of metabolism of aldosterone in
pregnancy might account, to some extent, for the inereased
urinary values found in cavlier studies in which the analytical
procedures measured aldosterone hydrelysed frow the F-oxo h-cne
conjugate,

Although those findings were not confirmed by another
study (Watenabe, Meeker, Gray, Sims and Solomon, 1963), it
remains possible that urineary aldogterone measurements in
preguoney way not accurately reflect changes in aldesterone

gecvetion or plasma concentration,

ALDOSTEQONE  SICRITION.

Heasurements of aldosterone sceretion rate by isotope

dilution methods have been made by & nuwher of groups (mext

page) .

The normal non-pregnant ranges quoted by the Tivst three

of those groups were very similar and the values for normal
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progaoney were alsoe approximatoely the sane,

Yobenmahe md his eollenmues (1903), however, fomnd a
larger veriation in geevetion rates, which wpy Lo o refiection
of the lorger nusber of women siudied by them, Thoy found en
cldosterone sceretion pate of 287 wefdsy in one wemen ab 15 weeka?
geadation, while in mnothoer cose resculis af 20 and 22 weeks wore
892 and U955 ugfdoy vespeootivelye The meon geovetiom vato
inayonsed from 559 wgfdny to 15806 wofday hotwesn 26 wookn ond
Loz, but o warvked unetnstion eccurred bobtween those periods,

In 2 other subjects, with o constont dietory sodinm intake of
160 mie/dny, sevial mesmwenmenta of aldestorons scevebion showod
o conpldowahlo variotion in tho last drimoster, on inevcase of
1008 wyfday occusring in one woman botvesn % and 36 wooks, while
in the othor o deevense of A%1 wy/doy was fornd bedwoen %1 and
33 wookae

Alshongh Thomas and Filyon (196%) found lowor eldesterone
seevekion eates thom dp the preecding sbudien, thoy olaiued
that those lovels wore dnexcomed, but did uot quote o novanl
noN-pregiant range for comparison,

The stady by Deyerd end iz associotes (19?03‘)) slwwed evea
‘lmfu.s‘ oldostevene sosvetion rates in late pregmoncy (38 Lo 40
wocks) ut omee ogoin the authore aid not quote thedr own range
for noymel non~pregnont subjoeots.  One woren studied by them
at 20 wee{css" gestetion had a scerolion xate within the late

pyrepaaney rangee  They supgeshed that the diserepaney bolbween




bhedir wogults and those donenatrated previously mirht he due

to the effacts of posiore on aldostorone sceretion, as their
patients hod beon supine for gb leagt 10 lxom_'&x hefore thoe atudy,
This 1o supported by one veport (Dalilkion, Brodies Dole, Holly
and Tait, 1968) which showed sn &-fold dnesvase in aldesterone
gevretion rate in non-progaant sebjects on changiay feoem the
lying to the standing position, Ua the obther hamd, 1t ig not
supported by Sing (1904) who fownd that o poriced of vecunbency
of & to 5 days duration iu B unoxwal pyegrsunt wouen d¢id wot wveduce

aldosterone socrotion,

PLASMA ALBOSTIINNE COHUINTHATION,

Foup wopoxts of plocna oldostorone concentrations in
nexual pregamaey hove Doen published o doto (Stark, 1967
Boyord ob ol, 107003 Vedw ob al, 10705, 1070a), The results
of our two studles will be dfzﬁserﬁmr}'m Chaptex G,

o beded vopoxt, Stark (1807) deaonsteotod no
difforanen In moon ploswe aldestorone concentvation bobween
progucet and none-pregnand vemen, bud ne furdher dednils ave
availabia,

Using a Aowble igotope dorivative teclmiguey Hayord and
hig colloagues (1570a) measured plesma aldostexone consendrations
in 5 noyaal progoot wonen bebweon 30 and 40 weohs' postotion,
On an warestricted diot, ploasun oldostorone rangoed from

1.7 to 540 mug/lo0 wl (nean = 5.9 tugle  In one other women
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ab 20 wecks gestation, plasma aldosterone concentration

was 4,7 mug/100 ml, The anthors suggested that those

levels were gbout twice as high as the values for non-pregnont
vomen (meon 2,16 ug/100 mg) reported by another group
(Balikion et al, 1968), Strangely they do not compare

their resulte with o non~preppent renge from theiy own
lohorvatory, yebt in & previous study by the seme group

(Bayard ot al, 1970h) four normol non~pregnant subjects on an
wrestricted diet had a range of 1,7 to 16,2 mug/100 ml,

(meam = 6,1 nug/100 ml) after lying for one hour, These
levels increased to 5¢8 to 17.0 mug/100 ml (mean = 9.k mug/100 ml)
on stending. Unless a further fall in plaswme aldesterone
concentration might be expected te ocour after lying for more
than 10 bours, then the non-pregnont values were higher than
those found by the same guthors in pregnancy, bui they make no

conment about this.

ALDOSTERONT AND JIHCTROINTE  BALANCE TN  PRIGNANCY,

Aldesterone is a very potent minerclocorticoid and,

as was outlined in Chapter 2, its major physiological role

appears to be in the control of electrolyte and fluid balance,

The relationship between aldosterone and clectrolyte balance

in pregnaney has therefore been the subjeet of a number of studied,
In 1957 Rinsler and Righy found a correlation between

aldosterone exeretion snd the urinary NasK ratio in the last




trimester, but two other reports failed to confirm this,

nox did they demonstrate a corrclation between plasma

snd:i.mx.x c’oncentration and aldosterone exerction in late pregnaucy
(Buchhorn, Koczorek and Wolff, 1957; Jones et al, 1959),
Watonabe and his colleagnes (1963) took the endogenous
ereatinine clearance as an index of the gquantity of sodium
presented Yo the renal tubules by glomerulay filtration, and
found no correlation hetween this endogenous creatinine olearance
and the aldﬁstomne secretion rate in women taling 120 to 190 milyg

podium daily in the last drimester,

The effect of sodium depletion,

An incerease in aldosterone excretion in moxmal pregpant
wonen has been reported following sodium restriction (DBarnes
and Quilligan, 19563 Kumaw, Feltham and Gornall, 1959) and the
adninistration of & thiazide diuretic (Ebrlich, Imgibihl, Taylor
ond Janulis, 1967).

This noxmal physiological responsc to sodium deprivation
and sodium loss in pregnancy was confirmed by Wetanabe and his
group (1963), who found that the aldosterone seoretion rate in
3 women in the last trimocster increased from a mean of 1576 ug/day
to 76843 ug/doy when the sodium intake was reduced from a mean of
150 nlky/day to 8.0 miy/day for 2 wecks. They considered thatb
this S-f0ld increase in aldosteronc secrebion in pregnancy was
greater than would be expected fn the non-pregnant subject given

the same degree of sodium deprivation, In one pregunont wonan




studied by Boyard and co-workers (1970d), a '"low sodiuwm diett
was assoé.iated with a plasme aldosterone conceniration oi

29,5 nmg/100 ml compared with the range of 1,7 to 5,0 mug/100 ml
in 5 normal pregnant women on an warestricted diet, bult details

0f the "low sodium diet" were not given.

The cifect of sodiwn loadingy .

Wabenabe and his colleagues (1963) investigated the effect
of sodiun loading in pregnancy in 4 women in the last trimester,
by increanging the sodimn intake from a mean of 135 mllq/day to
190 mly/day for & weeks, The aldosterone seervetion rate rose
in one of these women from 999 mug/dey to 1208 mug/day, but
fell in the remaining three, the overall wean showing a
reduction from 1105 mug/day to 747 mug/day. Those resulis were
confirmed by Stoxlk end I;elnnmﬁchillea (196%) who found a
Gefold decrease in aldosterone exeretion rate in 11 women in
late pregnency given an intravenous inifusion ¢f 18 g, sodium
chloride for 10 days; and hy {two other studies which decmonstrated
a drop of al least 50% in sldosterone exoretion in 4 pregnont
women given over 12 g, sodiua chlovide daily (Burldch, Laves,
Ingibihl and Landou, 19623 fhwlich, Iagibihl, Laves and
Jenulis, 1966),

The elfeet of increwsed potassiun,

Nexmal pregnant women given an increased intale of potassium

(5.0 to 4,5 g/dny) exereted similar quantities of aldosterone
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ap proguont wouen given o normal potassinn diod of 8 gfday

{Barmos cmd Guilligen, 2050)

ap Vol ke ey 8 e Ty et ;
ihe offecd of aldogterong dnhibitici.

Bwelich 1971} hos shown thab heporinoideinduced dnbithition
of aldesterone cecxoition fn progasnd wouon is aspociotod with o

vioo dn sodinn exerption Lub hop wo oficcl on ubine potasoitn,

T4 s poporents fron tho Lfovegeing woperts thot, olthoush the
oxerebion ad seervobion of oidoglorone in preguency is conoidorchly
hiphew than in nomessopnond eituotions, thore appoaxs o bo o
nornpd physiologicnl wospenne to both padiwn depeivation cud
podivn lending, cortainly ia the lator monthy of pestotion, Ag
fox on io Erows, theve hos been 8o repord of o olady of nidonborong

and podiwa Belenee dn the cowlioy wonths of propronsys

O HINECATACIRT IOOITNE,

Mooy NeRly repowts hove boen published showing en imereased
plogen concendbation of 17-Hyarexycorbicostoneids, noduly
corticol, during prepnonoys porticulawly in the lost telnestor
{Csize Comzeld, 1055 Do¥lisa, Browne, Pound and Stoinboelk, 10553
foblusen, Bevaliawvd, Grubing, Vomoer, Soweliow and Hilber, 10553
Hordin cnd Hills, M55 Joilew, Christy, Dongeen, Wollece aad

Gordan, 19593 Dro-Rosmuscen, Doug, Yuadwall and Proile, 1962
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Friedmon and Beard, 19663 Goldherg, lewenthal, Gottfried

ond Ben-Aderet, 19663 Neilsen, Binder and Starup, 1969;
¥opelmen and Levitz, 1970), This is wainly due to incveased
protein~hinding in the plasma (Doe, Ferpandez and Seal, 1964

de Moor, Steeno, Brosens and Hendrix, 19663 Keane, Pearson

and Walker, 1969a; Rosenthal, Slaunwhite and Sandberg, 1969),
only Danghaday (1958) faoiling to show this, A slight rise in
fmbomnd plasma cortisel has also been demonstyated (Doc,
Dickinson, Zinnewman and Seal, 1969; Keane et al, 19069a;
0'Connell and Welsh, 19693 Rosenthal et al, 19693 Durke and
Roulet, 1970) and an inecreascd excretion of urinaxy free cortisol
hag been shown (Jailex et al, 19593 Thomas and Flynn, 1964;
Gobbtfvied, Lewenthal and Goldborg, 19683 Burke and Roulet, 1970),

Ag the purpose of the present study was feo examine
predominately mineralocorticoid activity in pregnancy, these
reports on plasma and urinery cortisol levels are not presented
in eny debtail here, They are well reviewed elsewhere (Forsham,
19673 MacNaughton, 19673 XNytten and Leiteh, 1971),

Othex adrenal hormones with greater wmineralocorbicoid
ﬁctivity bave heen less well yeporxrted,

Tobion (1949) measured urinary formnldehydogenic
corticostoroids as au "index of deoxycorticosteronc” and found
raised levels in 18 normal pregneut women compared with 10
normal non-preguant femalese Hxley and Nowywberski (1964a)
demonstrated on inereased exeretion of 1"?-(1eoxycortico}steroias

(metabolites of corbicosterone) in nexmal pregnoney, but no
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metaholibes of li-deoxycorticesterene were found in g furthex

study {(Ixley and Norymiorsii, 1964b),

In urine pooled from

several women in late preguency, Dasslor (1969) reported higher

levels of 1l~deoxycortisol ithxan in non~pregnant subjects,

Plagiwa eoxticosterone concentration (ug/100 ml) has been

neasured in normal progoancy by four groupsie

Nowal Noxnal Tiwme in
futhors Non-preguent Prognancy. Gestation
Rango, * *
Hoxwis & Williaug o0 w 10,5 740 = 13,0 Lngt trimestey
(1953) a - not given no= b
Stewort eb al 00 = 2.0 0.0 = 2,0 36%h weel
(1961) (mean 0,40) (meen 0,67)
n o= 27 n=9
Martin & Martin 0ol ~ 2,3, 020 = 2, Late preguancy
(1968) (mean 0,6%0,6 50) | (mean 1.§g «7 SD)
n=33  n=18

Sehweitzor ot gl

(1969)

Wot statbted

Mean 1¢451,6 SD

Stewart and his
inerecase, but Hartin

Tlaorinetric method,

colleagues (1961) found no significent

and Martin (19638), uwsing o similor

did demonstrate a significant rase,

Both

of these studies, as well ag the earlier one of Morwis and Williams

(1953), showed a considerable overlap with the noxmal nonw-pregnant

Dangee

"Subuiorogram™ levels of plasma ll-deoxycorticosterone weore

reported in 7 normal pregnant women at toxm (Schweitzer,




Branchoud ond Givoud, 1969), bub no debails of noxmal

non-proguant values weve given.
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15,

C. COMANDS ON LITERATURE REVIEY,

There is little doubt that pregmaney is assouiqtg& with
marked changes in the renimnangiotenain’system. In apite\pﬁ
eonsiderable differconces in teehnique, plasia renin substrote
has been shown to be elevated in alwost all cases studied.

Plamius vepin activity end conecentration are raised in many
voneil, but a substantial number show levels within the noviwl
non-pregnant renges Civeulating levels of gugiotensin II have
been less wgll studied, bg'h they appear to be increased in noat
vemen, although they alse moy xemain in the nowmal non-pregnent
rOaNge.

Hony of these other iavestigabions were not designed to
gbudy the renin-angiotensin systen por se, and repoxt only on
chenges im the individual components of thg pysten, 1.2, OB ronin,
venin-subsirabe or opgietensin alones In Few, have the plasaa
reein and reninesubstrate concentrations been measured togehber,
and in none hos the major end-product of the systen, angiotensin II,
been measured comcurrentiy. Couwnents about the interwrelationships
of renin aad renin-substrate with esgiotensin in pregnency have
therefore heen based mainly on theovetical co@si@eratiaﬁs.

Many pregnaﬁﬁ women show inereases in aldosterene secxwobion,
excvetion and plasuo coneentvrotions Assuming that the relatioushipe
established in non-preguant situations might alse held drae in
prognoney, o wwiber of weports hove iwplicubted the remine

angiotongin systen as the stinumlus o this increase in aldosterone




production. However, no dircct relotionship hes yebt been
denongiratal by concurrent measuvrement of the Xour factors
involved, iuce. remim, reniun-subsirate, angiotensin II and
aldogteroncs

The studies 0 be deseribed weore theredove sct up %o
inventipate these guestions? '
(1) uhat changes take place im the plaswa concenirationg of
snolotensie IT aud aldosterone (and aiés in plessa lovols of
other corticosteroids, c,g., corticoptorvone, DOC) during
‘ pragnancy? _
(2) What offest has pregnoney on the relationships hetween
plasiua renin, renin-su%satmte; anglotensin ond aldosterone when
these ave messured congurrently?
(5) How carly in pregrascy de chenges tale place in ihe
cirveulating levels of thesc :aubsizanees; end how soen after
gﬁfég;,néncy do they revert teo the newvmel non-pregnant range?
{&) wvhat stimilates the inereases in renin, renin~substrate,
angiotengin IT and aldoslterone in pregnancy? Io there a
relationship to the changes in electrolytesy pmteﬁm, haemabocrit,

plagee volume, weunl fuvctien end progestevene vwhich alse occeur?
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CHAPTER. 5

Ti ROLE OF T  RNIN-ANGIOTINSINeALDOSTERONI
SYSTEM IN NORMAL = PRIGNANCY

i3,

S5¢fea A SERIAL STUYY IN PRIGNANCY OF THE PLASMA CONCENIRATIONS

OF RENIN, CORTICOSTEROIDS, DULICTROLYTES AND PROTSINS
AN OF HARIATOCRIT AND  PLASHA VOLUME

(The results of this study heve been published proviously =

see Veir ot al, 19702 and 1971a).

The plasua concentrations of elecﬁolﬁea, renin, haonoglobin
the proteins, together with plasua fehme,» osmolality, colloid
ogmosio press\n-é and packed ccll volune, were measured
concurrently and sexially throughout pregnancy in 15 wouen,
some ¢of the vaviables measured hoving been considered to be
poasibly concexned with the control of renin release and plasuin
renin concenbration (see' Brown ot aly 1966a, 1966c, 1968y Vander,
19673 PBrown, lover, Robertson, Hodge, Love end Vane, 1967; Neilgom
end §i‘11e§-, 10633 MNosie, Brown, Herper, Lover, MacAdam, MacGregox
and Robertson, 19703 Brown, i)avies, Johnson, Lever and Robertson,
(1970). ‘Plasma concentrations of aldoaﬁerone. eér&icosterone end
cortiéal wore allso mc;asuretl ab the samc; time in 7, 6 and 6 of the

women respectively,

CLINICAL VATURIALS AND METHODS

No abnoraslity wes Zound in any of the 15 women on initial

clinical exeminations All had blood pressuves of 140/80 iy




29

o loas priow o the 286 week of gositobion, ALY bub one
{case 8, Table 1 - Appendix) vere primigravid. One (case 1&)
hed a twin preguoncy., Thelr meon age wos 26,5 yoeors (range
21 - 36); mean hoight 162.1 ea (vange 145.0 ~ 167.5)5 ond
mean weight ab the LGih week 6%).;«2 kg {range 51a7 = 75.5%)

{oee Table 1)

The women abtonded as oul-patients ab the 16ih, 28th, 53th
and 3840 wecks of geslation, bolween Gﬁ;ﬂi} hours end 10,00 houws,
baving fasgted 6vemighﬁ, bad hoving epben bthely nompal diet to
that bime, Al each visid they weve weighed, the legs were
examined for cedonma, ond the mmine was besbed for protoin by the
Mibustiz method (Aues Ldds).

The wouen then regied supine :ﬁ(}f 30 ninutes, the Hlood
PToSaure vas aﬁeaﬁ el with & elinical sphypnomanometer, and a
sovple of periphorel venows bleod was tolena

E@'&}of@fésry and gtabisgbical mothods hove heen oublined din

Chaptor Fe

RESULES
WSO M

&11 the women dolivered healihy infauts,  The mean birth
weight of the singlebons wes %37 hg {reuge 2486 « &,5h kn)s

the twivs weighed 2,49 kg ond 8,061 hge Beloiled resulis in

individeal wonon exe shown in Table i

Proveivuria, blood presgure ond weight,

In no case was proteinuria devested ab ony stage, In
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24 wemcm A3Mdle chongo eccupwad in he systelic ond dlenteld

presearen during peogsmmey (Fime G)e  In 5 coses (3% « i5)

-

he bleod prosoure fnevonsed lu the last § vooks of prosmaucy

B0 exeeed ?ﬁéw’;}mﬁ o, omd case 1% alpe devolopod pomiphonpal

eedenge  Since thie wdse o blced prossuvy wondd Yo yoganded

by oomn cethonddden o obnswmely dadn Sron pasus. 13 « 85 wero

[y

nod dnoluded in $he stabistlonl malyeis and ars pledded

soparaboly an Plgures 6 to 8,

x

ML thoe Henen shoucd o pbondy pice in wolaht Soen the

G bo thn ,;w“*a wonly wildh censidosable vorinbion beduvson

£

AGEN nfft»"a'ﬁx: {Tohlo 2)e  IE the buin progaeney 5 oxoluded,

e gvorase wodaht poln vao 9608 ke {vonso Bad = 158 lzde

Fety

P wwann vl fdns {oass 34)s who dovelopod navhad cedenn
with Avowsased Hlovd progsowwe dn the fead teiosodow, had o

tpsol wolshl godn of 18,1 hee

Plaman yalunoe

Ta cvewy. cooe thoe plesve velwne dneveosed Juwlsg pevpsosey
(Panio 3. Flouwo u} whe memn velue bolng higheob ob 3% wocks
(& = 3ol 0aOL L p < Gu0L) o compered vith 16 vechoe o
of e % cosen whoeoo bloed prossure im*%udmi had Bdghor than
averane voinen :;:23 plasmn velwee, bud the Individeal an'&mﬁ b wowRe

within $he pongo obseoryed in tho @-5'?1\,,35' b Iorto,

3o s syt aa i o ",.- i ER ] . P
FTalnl ploons onohadan and solipdd conebie hraumos

Plasas protaiog Duchaabsd soeledly fx duddvideat wemon

{Debde 3), o sigaificond wise in M sesn eoeonteation oocusving
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Detweon the 26th and 58th weels (& = 5,14, 0,01 < p <0.82,
The jndividual dud mean colleid osmotie pressure vawicd

ecnplderably with no eleas‘ patbern {mabe 1 1, Figure 6}.

§iezemoﬁ3:@bim and haéuiﬁtécritg

Im emx&’ommty m.th _@revi.cuq studden {seo lybten omad Loiteh,

1971) thwonshoub y'm{;ﬁancy baommcm{, end hacvopgiobin
concentration verae fs:equmt.ly lover than for novmal Nove

pregnont fomalog,

Plosmg eleetwolydoes and oswolalitv. -

No signifi .em‘u mw:m was obsoyvad og prepuancy proecceded im
the plosma concentrations of sodium, pﬂaﬁrﬁmn or chlowvide,
Similerly, no sigeificand change v mean plagmn osmelelity

securred (Table 1, Figure 7).

Plasma rmin concoatration.

I 1D of the 15 vmmon., the 1316.’3}:3‘.!‘}. renin values wo
above the nou~preguant vange in coch esbimabion, Tk e warked
difforence wos apparent both E@'Weegl' sspmen ond,- i.n' BOBR CR%e8,
beltvean divicrend pewiods of gostotion S mc SURMG WIHNan
{Tehie 1, Figuves 8 oud 9)s  Yom cotimabtions owt ef o tolal
o %9 in the vhole sewies loy within dhe nordal nen~preginut TABEC,

@

The fall in the meen plasse venin conconbrotion fyem 16 to 38 weels

o

was not sig Pi eant (B = 1.06, p > 0.1, Figove &3}, In the

% woren whose biiosﬁ pressuve inereased in lebte pregunaney the ronge




units fiitre  RENIN
.1007 T { Normal non-pregnant range }
50
%,
0 . 'L T T - Fi‘{l‘rﬂ 'ugn’
mpg/100ml. ALDOSTERONE
400 | Saee toxt.
200+
0 T —T T T
ug/100mi. CORTICOSTERONE
4.0.—
2:0 7%
0— //A 1 T T T
pg/1ooml.  CORTISOL
30+ — A
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0 T ] T — WEEKS -
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400—‘ .
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300
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X
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Q
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of plasia renin eoneeniration was nob remarkably diffewent

feon thaet in the other 12 (Toble 1, Figurc 8).

Plesmn sldootorong concentrobion,

Plasma aldesterone councontration wis megsured in 7 @33 the
women, including 8 weose bBlood pressuve rose .'!.aﬁterly. Tae
wegelbs wore considerally higher then the noramal non-pregaanh
vonge in oach of the totel of 2B estimelbions, the highest wean
volne being seen ob 16 weeke (Table 1, Mguve 8), $The individual
levels in the women whose bloed pressure Ald not inerduse are
shown in Figave 9, Althouph dhe nean aldostevone concenirabtions
Sox these § women deevcased fvom 36 to 34 woolks {Figure 8), this
change was not significent by Studontls d-tost (b = 2,07,

0485 < p<0el) ox by the Wilcoxon test fer puiv dilferances
(i&&z G .w}. Plaama aldesborene was meaﬁua’éd in 2 of the 3
women whese Plood pressure vose in the lasht brinestor. Jo one,
the resulis HoNE withia the range found in these whose pressuves
did not increage, The other had rather lovew values, with very
3dtsle vardation between the § sovipl cstimabions, althoeugh oil

vere well ahove the nen~preguant upper limit (Figure 8),

Flosoa corbicostorone conceutration,

Apoxt Erom elevated values ob %8 wecks in 8 cases oud ab
16 woeks in anoilior, the reusinder of the 24 esbimotions im the
6 women sindied, including 2 patients whose Blood pressure inercased
latterly, shoved plasma combicostersne concentrabtions within the
nozmal non-pregamnt range (Toble 1, Figuve 8)s No consiztend

potbern was noteds
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Plgona cortisol concentrotion,

in & of the 5 persistenily noxuoteonsive women, the plaswa
corbigol conceatration vose frem 106 to 59 weﬁa {Table 1),
vhereas it fell slightly in one woumang Na::' signivicent change
in dhe moon valﬁe batveen '16 ond 35 weeka was found (b = 1,25,
P> Bel1) (Pigure 8)s  ALL values were above the nowaal, non-
pregoant range b 35 wveeks, vhercaz gnly 8 ai; 18 eatimodions
veoro g0 olevated in cardier progooucy., Plasva corbdizol wag
meagared in only cme of the wemen vhese blood preosgsure vospe in
the last 6 weoks and in £§i53 case it remained chove the novwal

nomeprogaont ronge throughoud prognaaeys

Gsm’elatisﬁs

Mi the \:e“.‘aamm racorded in Table L (mp-awﬁ from those
&s‘i}&imﬂ in .{;31#.» 3 wonen whose blood pressure wese in the
logt twninesten) wore swbjectod to smliiple vegression analyeio,
both as ah&mmte values and as o poveentane ahvmge *ﬁrlam the
initial volues, No ss'ha;ﬁis%iealiy significont eeﬁel&tien |
wog found hebveen aiay of the fectors measuveds In pavdiculav,
the plasaa e@ncezatmi;ﬁ@aﬁa 'of vorin and aldesborone wore nob
significantly rolateds a8 shewn m Pigurae é, wide digperities

hetween individusl plasma reuin and-aldesterons concentwvabions

opcurred, Th dn povdicularly woboworthy that some of the

AS

a

higheah ploswn oldostercne lovels were observed in & wvenmm

in vhon plegna renin covcontyetion venaived bthwoughoud within
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the novan] poneprernnt PoRgh.

The rosults of this study will boe discuseed topedther wiih

whe vosults of vhoe nexd 5 etadies da Chapiew 6.
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THE  EFPECT  OF NORMAL VRBGNANCY ON  FPLASMA
CONCUNTIIATIONS (F RININ, RENIN-SUBSTRATH, ANGIOTINSIN IZ

AND  ALDOSTERONE AND ON THE RELATIONSHIPS DUITWBEN PIHESD

SULSTANCEES; INCLUDING CHANGES IN PLASMA PROGHSTIEUNE,
PLASMA AND URINARY BLUCTROLVIES, PLASMA OSMOLALITY,
BLOOD URDBA, SERUM CREATINING AND CREATININE CLEARANCE.

CLINICAL MEFIOD O STUDX.

A smell nubeow of healthy women studied carly iw pregroncy
had been adnitéed for tomminction of pregnancy under the Abowrtion
Act, 1968, Othorwise, ell the women hed nommal fullwterm
prognoucies with no complications peross delivery oz in the
pucrperiwi, No case was included vhere a voised blood pressure
(ieow 120/50 or ovor) was present aob any sioge of gestotion,

A sotal of 1128 womon weve studied at least once during
progneney or post-partum., The pavity of these wemen was as
followaste pora O =« 553 pova L ~ 508 pove 8 « 113 pova 3 ov
over - 0. Their ages vanged fxom 17 o 41 yeavs (meon 26,8).
Twe women had twin pregnaoncies.

In carly and mid-pregnoney blood sauples wewe taken weinly
from vonen attending as out-patiecnts, viereas in laler pregnoney
505 of ‘the women were in~paticndts ab the time of sompling,.
Pogt-partun aanpleos were doken ¥yrom in-poticuts dn the firetd
tvo weeks aftew delivery and from outpaticnts loter in the
pucrperiuvn, The in-pationts reneined in bed in the wmorning
bofore blood pressure measuvcment and vencpunciure, wvhich took

place botween 8,30 and 9,30 c.mte Tho oudpaticnis, who abtonded




soudine entonatel ond pogtnoenl clindcs, voually in the worning,
wore Peated supine for %0 minutes bolowve the blesd pressure
vas measured and dhe Blood ooople balicne

ith tho puxbers of womms involvedy 3% was ccppidered
inpracticoblie vo egonbtyel cleetwelyite baloneo pyocioolys AN
+he women wore ierefove nllowed o toke on warestriebod dicte

Po omeludo o possible mejor dispowity beltwoon dupabliond
end cutpaviont osbinotiong, plosun ronin and renin-cubsivate
goncendrations wvere meesured dn ¥ wonen on 2 ocessions oochy
loon thon 2 weeln apoxd = as on dupoblond en one ovension and
op cn oudpadiond on the othore Mo signidicont differenco wao
fouwnd by the ppized dwdoob, cithor fow plocuo ronin coneondzablon
(6 = CeiilBy p>Gel) ov for placin voninesubpieete concentrabion

)

(b = 9559, D> Gel)e Fnpufficlond doto wore aveilohle to mahc

L)

the ggme cempaviseons fow plassa angloteonodn XX ond aldoestovenc
coneentrabions, bub §6 was popeibloe to slodisdienlly compuro tho

aldogsorene resuldte botwoen o masboey of iapadticats and o ouwbop

Ls

of ontpoticads ob the J50th week of gostobion, fueo anodng

no oig

mifleont difforonce won feund (U = 0,420, p> Gal, 8 =10),

Bf the todtnl of 118 women studicd, all 4 somponends of the

2

renin-oaglotonoinealdosterone oypten were weasured concurrendly in

18 womong 3 componont in 50 woneny & componcuts in 2% wonen ond

sinple measurencnds wore wade in 40 women,  Boteills of theao

end of the aabors of other factors measured ore ineluded with

who resulis. In B0 coses, csordal moosunvements of ad looed one



component were made Lyom the ecarly wecks of pregnancy to vomu

ond pogiwportitng,

LADORATORY  MITIODS,

Fheoe have been oublined in Chaptor 3.

NESULTS.

The conecentrations of cach substances have been wabulated
fox cach of tho trimesters of pregnaney, and for weels 1 to 8
and 6 to 12 of the puerperiun, Whore mowe than one wosull was
oveilable for each poxiod, the mean of those was taken for
etobistical anclysise Individunl results end/or means and
gtonderd devistions for each triwester and postepertum porioed
ave shown en gecompenying graphs. The vesulio for each peried
have heen compaved by measuring the t-statisticcand thig, tegether
with the statistieal significance, io tobulated for cach subsbonce,

In the case of plaswe renin, renin-subaiirave, apgiotensin I
ond aldosterone eeﬂcem;ra%ions, the serial chenges frem cavly
pregoancy to the positm~partum pevied ave illustraited for 6 vomen,
This is cccompanied by deteiled grophs of the chemges in a levger
nuiher of women in early prognancy and scrial changes aeross
delivery onid post-poriti,

theve concurrent measurenents hove Been made, the correlationm

cocificicnt has been tabuleted fox all the estimabions during

prognaney o9 well as For cach trimester and post partun period,

Fée




Vhore this hao reached statisticel significance, graphs eve
ahown illustrating the twe rolevent substences ploﬁted apaingt

one cuother, with the apprepriate wogression line,

Plosig yenin concentration,

Individunl results and means Lor ecach trinester and
post~partwn period ayo shown in Toble 2 (Appemdix) and
Figure 10s ,

Comporison of the results ot those difference stages

vas 85 Lollowssw

Comparison tegtatistic Degrens of Significance .
freedon p

T - Ii 1.605 5% S Y |

iT » IIY 0,866 59 > g

# - 111 3370 67 < 0,01

o HET - 0.0 | 0.%00 01 < 0,001

PPy = BoPe |  Fe3% 40 < 0,00
2 612
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120 [
i |
i ¢ | .
' ' Fdigure 10.

[ ]
- Plasma yenin
80— © concentration
[ ]
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* e
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100T
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Fipure 11, Plasma ronin concentration in early pregnancy.




: ‘éiéé in early pregnancy, plasma renin

eanembrahm m' ei%\'ré%eﬁ above the nermal nonwprepnant

TONpe, t&m lugh at value ham., 9& wits/l, As shown in

Figuve 11,' f;those imreasas vere apparent as early eo

veel;a after tha last menstmal pexiod, i.e. approximately

3 veeks after conceptmn. _ ‘Tlie gorial readings in

Pig "ure 11 show that ’thas eaﬂy -weeks plesma repin

euncmtmtwn fluetna' ed: ‘gor "iﬁerably within the onc

mﬁ:.v.tflual and :"thex 5 so"fa nar.ced vaviation botween

uawldua’l wo_ o

,‘j‘.".-‘

lkm:.ng pregnmwy ﬁhem >waa; a e:q.gm.emmﬁ £all in
plasma renin concentrahon, although all Du 6 o the
woLean stuﬁxeﬂ st‘:,ll %xat& value*a abave the noxmal noj-
pregaont ronge in the last tr:.uxes'ter. This £all was
loss notieen’ble in the serml etaﬁ; of © womeir during
preguancy (E‘zgtwe 12),

A marked £oll in plaswa renin concentration
oecurred aﬁze&f delivery of the foctus and placenta,
although ‘it was still elevated in some ‘case's ot the
6th day postepartun (Figure 13)e Dy the Gth week poste

powrtun, plassa renin concentration had dropped further,




PLASMA
RENIN CONCENTRATION
units/ |
80 -

40-
0-
L.M.P. 6 12 18 24 30 36 TERM 6 12
GESTATION (weeks) POST-PARTUM
Figure 12. Sérial imeaaurememta of plaema renln concentration
in 6 pregnant women¥*
PLASMA
RENIN CONCENTRATION
unit*/ 1
80-1
40-
0-1
DELIVERY 2 3 i
POST-PARTUM (weeks)
Figure 13. Serial Meaeuremonte 6f plasma ronin concentration

across delivery and post-partum*



all the cases shtudied having levels in thoe lover hal® of the

norinpl non-~-prognant Ponge (E’igﬂreﬁw).

Plogma repin=substrate concentration.
13
Individuel Fesulis end weans for cach trimester and pogte
parton peried eve showa in Table 3 oud Mguve i,
Comparison of the resulbs ab these different stages was

a8 Lollowgsw

. - cbodid add Degrees of Sigmificance
Couparison t-gbatigtics frecdon _ B
T - X 6,759 92 | <4 g.0m
I - JIX L0758 8h . < D B0L
I~ BIX 10,804 : a4 &g 0,001
LI = PoP 24104 76 < 0.05
Q=3 .
bea TG | meom u7 < 0,00

Plogug ma.it:i..»:n:suﬁ‘em,‘ame coneentration showved o marlked oond
progressive incrense throughous preguoncy (Figure 13&). The
earliest elevation 'an:mﬂ vas at & wooks? g};eﬁ'ﬁation'(ﬁ‘i:ng'e 15),
end subgirate levels ineressed thorealiow, although in o .:1_’@1'1
céses they wemained wi’ﬁigin the normal xibn—-m’egnmﬁ ranRge
during the fixpt 12 weoelks. All wewre above the nommol none
pregnont ronge in the third trincesier, "bh'e ,hig}maﬁ level reached
bBoing 6,95 wil,

In addition to vefleecting the genémi inoxeanc t};zréugh@ut
prognoney, the sorial study chowved o slipght #21l in & coses in

the last few weeks of gestation (Figuwe 16).
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Mean pleoeme wenin substrate concontraiion shoved a swall
but significant deerease after delivery ef the feetus and
plocents, bub this was less noeticesble on seriol readings
(Eﬁgéye 17}, and in mo case had i% relburned o non-pregnent
levels by 2 weeks post-parinn, Even at the 0th week iu
the puerperium, a numbor of wemen had plasma concentrations
of renin subgdrato well obove the nomiel non-presnont ronge.

| Wemon wiro did not breast-foed their infant wvere given the
synthotic osgbregen, sbilboegtrol, to suppross iactatieﬂ. As
oestrogens may affeed cliveulating levels of renim subsirabe
{see Chapiow 18), 1% was thousht that this might exploin, ab
1eaé% in pave, the persistence of hish concentrabions after
delivezy; Women who breasit-ied aud women wihe were given
stilbeestrol hove therelore been denoted by 2 diflerent symbols
in Figuve lﬁygf«Plaama remin substrate comcentrations im the
wvonien who breast-fod their infanis wére, inReneral, lower in
the week after dolivory ond were within the nermal non-pregacnt
rvauge by the Oth week posteportun, the statistical differvcmee
botveen the & groups at these tined ﬁaing t o= BoliOly, p ¢ 0,02

and & = 14713, p > 0.1 vespectively. -

Pﬂasmé.angiu%ensin I eona&ntratimn;

Individual results end means fov cach irimestor and pogb-
portan peried eve shown im Table & and Tiguwve 18

Compavicon of the wesulbs ab thope different stages

was as follovni-
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Compariaon twabatisbics ﬂe%gzigegg Sigmiﬁiemm@
I3l 2,983 6% < 8,01

I - §51. [ 8.279 . 66 < 0.05
IeTIiT |- 3590 62 < 0,601

TIT = PBe | ° 3506 | 53 < 0.0

Polle = PoPe .| 34189 . 29 > 0.1

o-e G2 | Lo o

o

Moas plasma angmotensim 11 concontration showoed o pxagres&zv&
inerenso Gurznﬁ prognancj, ‘bub in 21l trimosbers o nuaber of women
had lavelas witﬂxn &e ﬁOamqa RON-proguamt PasG, Incraased
lovels were fﬁunﬁ ag carly as the Yth woek of gestation
(Fignre 19) = Somo women shoved very msrked incresses aund
vnria&iens‘%hraughaut pregnoney whereas othews shewed very flob
eurves within the nomel non-pregnant rooge from early pregaanoy
thwough o the puewpovium {(figure 20)s  Tho highest level
vocorded was &15 pgfiles in the third trimesbowr,

By the second woeck after delivewy, plosma engletensin I
congontrabion had vevuraed o the nornal nonepregaant renge In
eil but 8 wvomen, those tv§ eoges showing nomtal levels & weeks

1ator (Pigure 21),

?la 10 uiﬁasmeran@ coﬁconﬁratlon.
W
Xnﬁividual vosulds and means for cach trimester aad
poot-pantuon peviod eve showvn in Wable § end Figure 22,

Comparigen of the resulés ot those different stagen

was a8 followntw
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Tigure 21,
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ferial measurements of plasma angiotensin XX
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; . vk b 8 o Degree of Significance
Comparigon t-statinbie frecden i o
Iwil 1.209 , 35 Py
11 - IIT 0,909 . : 31 > 0.1
I- 33T | 2.0 | B 2 0,05
III had PCI‘}. . 1032@ | ’ 26 D°05< p~<¢Qolo
02 :
PoPy = BBy | o w0 -

“vi’ecm pla ma mm tarone mmcm% ration showed @

«

el icent. mcr a% emm- fé“

‘ .

2 women, hewimr levn&s xnmh‘m the novmal non=preguant renge

e

&)
Fie
i

"';.j.y w 1mse pregnancy, only

in she lasb trimestons

Tigh concentvrations wove fownd as early as the Hih week
of geatation, bubt oven in these eoavly weeks, theve wes a
congiderable variation in lovels, no&, cniy betveon dilferend
vomen bub aléo fxvom wee!s to week in 'i"h{% same women (Figure 23),
Those differences were alse presond in the wemen followed

serially throughout pregaoncy, plasma aldosterene conecenbrabtion

wiging maviedly to 218 mug/l@ﬁi mle ab the Sith vee ek of gestobion

in one case, vhile it vemained within or slightly above the
normal pen-pregnant range in anothor case (Figure 24),.
Plasma aiﬁ@stemﬂe concentrabion fell in all bud ome of
the eases in which 1% wes measuved sevially aeross delivery
(Figure 25), ond wost of the vesulls were within the noxmal
nen~pregront vange within 2 weecks postepartuwn (Figure 22),
In the cae case vhere plasme aldosterone concentration Toso

fwom 117 wug/l00 ml, abt the 38th week b0 147.2 mug/ioo wi,
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PROGESTERONE
CONCENTRATION
pg/mi
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Ploure 206, Plasma progesterone concentration in normal
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Individoa}l results with mears and standard deviations

for onch trinester and post~partun period are shown in

Pables 9 and 10,

Comparison oi the results ab those different stages

was as. follows:

o
! Couporison |testatistie!| Degrees of | Significonce
. - A Sroedomn. e
Urine IvII, | 2.8% . | 7 < 005
. . i =
Sodiva Iy IIE | 1.89% 25 0,05
o Ivin 0,610 ok L N !
Soncentrabion | 11y v pop, - | 1,881 . 45 7 0.
T PP vR.2 | 0830 | 35 & 0,1
02 Bel2 |
. : AL I : : =
Potassiny v NI 0.970 ok 7 .1
DR R R ¥ & 0.195 o ~ 04l
Conecityation™ II.v.PePe. | 0.520 15 “ 041
PP v PP | 04850 33 % |
0-2  Gul2

Apart from the inerease inm urine sodium concentration during

the seeond trinmester, no significant changes in urinary ecleetrolyte

exerebion occurred during pregnaney .or after delivery,

Blood urea, serwn ereatinine and creatinine clearance,’

Individual results with means end standard deviations fox

coech trivegter and postepartun period ave showm in Tables 11 to

13 and Pigure 28,

G0,
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40 | i
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1 [}
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i 1
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i 1
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t ]
| |
0:5- ! i
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ml [ min I '
200 [ ! :
|
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I { }
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, 50~ |
| NORMAL "e— 11T M 1 !
\ NON-PREGNANT © 12 13 26 27 TERM O 2 4 12
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Piguro 28, Hlood urea, serum creatinine and

croatinine clearance in nomsal pregnancy
and post-partum, '




Conmpavison

0o £ollovsse \

of the results at those different sboges was

S N 15 oai, | Dogrecs of | Significanee
ﬁ.’?ﬁf" m:z ioon ‘t‘usi.mblstm Srcodon p
Dlood Iv iz 0419 &l 2 Gal
Uren - B v XX 0,748 63 > 0.1
: Iv IrX 04326 65 2 G.l
Lonoentratlon | yi1 v ppy | 5,65 70 < 0,002
g .
PR v BBl 54168 12 { D601
SOOI o 2 T
- Iv il el .%&&31 2k > 0.l
Seruwn - EEX v KITC | 6,300 | 48 7 0l
I1E v PoPe | 24352 99 < Ga0H
Congenbration (i
PoPo v PoPs| 2,017 38 < 0,001
IS 018
Ivil | 2,250, 9 £ .05
I v EIX 04269 26 7 041
Croatinine IwvIil Se?31 a7 < .00
TEL v PalPe | 3,998 Bl < D.001
Cleaxance =i
.?QP. v P.Pg @.615 2@ > @Q:g.
0-2 6-12

67.




63

Bigod urea and sexum c¢rectinine eoncentrations vewe in
the loer part of the noxmal nen~§§egﬂamt venge in early
preguancy and remeined so with livtle fiuvetuaticn o late
pregnancy.  After gglivery, both increaseéwgigﬁiﬁieaﬁtly e
the niddle orea of the nonmpré@nanﬁ raEoe

Meoan ewveatinine eleevance fell from early to mideprognancy
but this was ﬁaﬁé&ioﬂ & small pumber of estimatlons. A furdher
f2i1 oceurred after delivery hud rempined within the normal none

iy

pregunant range.
Correlacions.

Yhere concurvent measuvcmesrbs have been inade, the

St - ST e

k] '

eerralationféoefxlcient ﬁas beea ﬁabulaﬁed‘for all the egbimations
during proguency (Toble ‘14). -~ Corvelatioms invelving renin, reain
substrate, caglotensin Il ond sldesterone have also been caleulated
for cach trimester and post-partum, and these are ghown inm Table 15,
Positive cexvelations stg%isﬁioally slganificant at the 9%

level vihoere found botwocns~

renin ond engiotensin - post-portun {Figuvo 29).
renin ond oldesterone - firet trincster (Figure 30)

venin substrate and angiotensin II - firsd trimester (Figuwre %1)

renin gubstrabe end aldosoterone - all preguancy semples (Figuve 52)
reain substrate and progesterone - all pregnancy scuples (Figuve 33)
engiotensin IT and progesteronc - all pregasncy semples {(Figuve %)

engictonsin I¥ and oswolality - all prognoney saaples {(Figuve 35)

3
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Flgure 35.
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aldosterone and plasna eeddim « third trivester (Figure 36)
uldas*&emne zmd pias:m sedm:m «.all pregnoney savples (Figure 57)

alda.,tamm md urinm"v ;mﬁassiw w gll prepnoncy samples {Figure %)

ylﬁm-m ods.m wm? m‘ma% hty - W all pregnancy sauples

statisticnlly significant ab the 5

vratrate ‘.sgf\u?i . 1o clearance -« all pregnancy sanples

(Figure 39

sodini crdws (Figure 400,
}?a'ti:li;iv; ’wrele;&im» ‘c.fhj.cn almost reached statistical

sigmi’m@uce (i.a. ﬁmsa betwéen 55 end 107 levels) weresw

renin subatraté o - posWartw

aldogterone and p,lésting sodmm - aeconﬁA trimester :
aldosterone and plasua omuolality = all preg:ﬂanoy‘ sanples
progosterone ond plex;sma ixicarhonate w 0ll pregnoncy smpleé

plasma potessiua aud osmolality « all pregooncy samples

Step-wise regression wes calculated where the Following
-“memurementg had been made eoneurrmtly durmg preunancya.-

Plosma rening renin-substrate, angmtensin Ix, aldosterone,

sodlun ond potassium, ises variobles = 2 to G, n & 19,
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This showed o significant correlation (57 level) Letween
pleane aldesteronc conceni;ratiqﬁ and the plasma concentraticns

of cnpiobensin I, poltassiua and ronin substrate,

AV the rosults: ro:rt :thi:ﬁ atudy will bo diseussed later

0%




700

5.0, CHANGES IN PIASMA 11 DROXYCORTICOSTERONE (DOC)
CONCINERATION DURING DREGNANCY AND %HE
PULPERIUM,

Clinical Study.

Measuvements of plasma DIC concentration alome were
mode in 29 women ab vavious stages of preguoney end ia 10
wvemen in the Tirst week postwpartun, Parity in the womea
panpled during pregnency wes as followase~ poave 0 -~ 1kp
pare 1 - 113 pore 2 - 23 para 3 o over - 2, AL} were
single preponencies. Ages ranged from 17 te 33 yeows,
noan 24,0 yearse Blood pressure was normal in ovewy casc
and there wewe no other clinical abmoymalities,

Blood samples werc talken adt amltenatal or post natal
elinics efter the women had lein supime for %0 minutes,

ALY the women weve oeu an unresbricted Jict,

loboratory mothod.

This hos been deseribed in Chapter 3i.

Regulito.
Individual rosults and weoms for cach trimester ond
posbepertun ore shown in Table 10 and Figure k1.
Comparigon of the rosulés ab those difforent etages

was 08 2ollowste
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igure 2&;. Plasma DOC cohcaatraticn in normal
PTreguancy.
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SeDe A STUDY OF SODIUM AND POTASSIUM BALANCE - IN
NOLMAL _ PRIGNANCY

Cilinical Study end lothedg.

Two women volundcered i;é toke a diet combnimning s kmown
omound of sodiun and potasgiun over o number of doys, ond ab
the same Vime colleeted all the urine passed in 2% houy.
aliquots for eleetrolyte esbimations, This regime was
carried out on en out-pabticnt basis im both women in carly
and mid-pregocuncy ond in one of the wouen in late prognancy.
Onie vomen was olso tested 18 weeks post-poxtum,

Both women were in good health and blood pressure rvemained
nowuial throughoud,. obeils ave shown in Table 17,

Mesns sauples were taken with the women fasting and in
the supine position for at loast 30 minutes, Estimations
earyicd out are shown in Table 17, Methods Loy these

neasurenents hove beer deseribed in Chupler J.

teauliso.

Thepe ave illasitrated in Teble 17 end Figures 42 to &%,

Saelld positive sedimn halamces cccurred in carly pregaoney
in both wonon ond in mid- ond lobte pregnancy im Case 8, A
negobive balence wvas present in Case 1 at the 12th week poste
PRTGiEl,

Snall negative potassiwn balences wore presend during

gesbation in both wemon,
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Bearing in mind that facces were not imeluded in the
enelysia and thalt, spert frem the eovrly study in Case 1, the
dict was comtvolled for only 3 days, too much should meobd be
voad into those results., Howeveor, they do suggest that further
longew studies would bhe verthwhile, This may be difficuld %o
achieve, as thogse two wemen had counsidereble trouble in adheviag
$o their fixed diet »(e.g. carly prognaney study in Case 2),

a problem which wee aggravaied by nonsca and other sympioms
especially in early preguaney.

Plaosma clectrolyte comcentrations in Case 2 were
wavenarkable, bud a very lov sodium concentration was prescmd
in early pregpencey in Case 1, This was associated with
increased concenbration of plasma renin, rewin substrate,
aﬂgi@mmm I end aldeoterone,

Those results will be dizcussed in more detoil im Chepter 6),




CIAPTER 6
 DISCUSSTON
Tizat of all, the chanpges in cach subgtence described in

Chepter 5 will be evaluwated with referonce to the resulis

previowaly published by other workers.e The effect of prosgunancy

on the rolationships hetween wvenin, renin substrate, ongiotensin IX

and aldosterone will then be discussed gnd compared to the
mléﬁianships found in nonepregiond situstions, Lostly will ke
sections dealing with possible stimuli o the reported chonges inm
the renin-gngiotensin-aldosterone sysbten end the role of thoge
changes in the maternnl physielogical adaptation vhich oecenrs

in pregnoncy.

GoAs  CHANGES IN INDIVIDUAL & SUBSTANCUS DURING PRIGNANCY
AND  POST-PAETUM,

Ploosaa renin concentration.
ik A o o T T e

The £01l in plasma vonim comeentration between early ond
late prognoncy is in agrecment with the vresults weported by
Sdioner ond his colleagues (1972), vho also found very high
lovols in the early veeks of gestation, Their resulis, however,
wore higher than those found in tho present serics portienlarly
in early pregasacy. This differcnee in the degwee of incrcase
ecould possibly bo duc to differcaces in pootuve, Skinnerts
paticats being seated ot the time of saupling vhereas the women

in the present serics had beon recunbent for at leost 30 minutes.

e
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As woporied hefore {Brown ot al, 1966b), plasma renin
concentration toolr a muber of days 4o rebura to normal after
delivery of the foctus and placents, vhile pll the estimations
wove in the lowey povd of the nomual noun-prognont range by the
Oth week postepartun, The implications of those vesulds will

he diseusscd later.

Plosma ronin subgtirate concentration.

The progressive rige in plesma renin substrate concentration
was vory striking, although o swall nusber of women showed only
éligh‘h inerveases é?save vhe nomuel non-prognomt rengoe. These
paised civeulating levels of subsivate ave similer vo the levols
deseribed in previous woporis, which wove diseussed in Chapler
Byle

Preliminary results of the present study hod suggested bthab
plasme renin substrate covcentration might rempin faivly
consigtont in inﬁividual vomien from abeoul the 20%h wc_eek onvayds
(Weir ot al, :&@7@5). This bao not beon borme out by subseguens
results (seo Figuve 16).

The delayed fall afber delivery of the foetus and placonie
nay be due to thoe effect of the synthetic ecstregen, otilboecatwel,
given to suppress lactabtion, By the 6th vaek post-portug, oll
the women who had nod been given stilbocstrel had levels withinm
the nownal non-pyegueut renge, whoreas high coz{m@n'&ra'i;ions wWore
8341l presend in sowme of the othov women., This oficed of ‘

pogtrogens will be discussed im mowe detail im Chapler 12




Plasng engiodongin I concentiationu,

ghowed o progresoive inerease foen coply o lete pregnencye

in a duboer of couen, howovery Veitnes rounined within the

pomnd poneprognent mmge thooushouaty in conbvest o ofribling

inereoses to vowy hipgh lovels ian othors {Figuzroo 19 anrd 80}

The overell ropge in thoe thisd drincaoter was widowr thon thad

roported by Moasoai end hew eolleoguos (1967) ound the woon wos

lovere  An mentioned im Chopbor heA, 1t is likely {hed Moosouidp

mothed over-cstingded tho lovel of elirculobting onglotonoin I3,
The chenges afbor delivery of the fooltus ord ploconia woro

sinilor to those of readn, don thod afboy ene weok mest, and eftew

6 wocks pli, the posulls wvove within tho nozmal nomepregnond

PO

DPlasnp aidoguorgne caneontrations

In the preiiminamy study (Chaplor H.4) no sigaificont ehauwpo
in woon ploome pldeptevone cencentration coconrrod from 106 to %9
woelie? pesdotion, In vhe eebescguond lovger study (Chopier 5a8),
howvevory o plgaificont rise in weon coneentPablon ecennzod boltween
¢awly ond lote progoomey (Pisure 223 This ivereose duning

4 4

prognonoy i in agreemend with the peculis of tho sceredion end
exevetion rote atudics disounpod in Chapter LWD,
In the enwiier dnvosiigobion {Choptor SeA) plosma oldestovoune

SRORD

sy

concendration was considerehly higher than She nomonl non-pro

ropge in ovory cose in whioh 16 vas weasureds ond wony of the

7,

ey
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reselts veve chove 100 rug/100 mi, (Figuve 9), = In contvast,
over vhe same peried of gesbation o nunber of the resulls in
the subscguent lorger study (Chopter H.B) remcined vwithin the
novmal non-preguont zenge (Figuvres 22 end 24) ond in only %
copes did the levels ®ise above 100 mug/l00 wl, Ope differsmce
betveen the £ groups was that tho vomen siudied im the eariiex
gorieg wexre resident in Loundon wherees those of thoe lator
serics were fvem Glosgow, Dictary hebits, and in particulaw
the sodiuwn intalke, might possibly cxplein the difforvences
between the 2 proups.

The inereases in plasmo aldesterene found by Doyerd et
ol (1970a) veve dictinctly less than in cithor of the series
we have studied; Ffurthemmore the mecretion rates they réported
were aloe muech lowew then in the gtudies by Jomes et al (1959)
ond Watencbe et ol (1963). Doyord amnd his colleagues tentavively
asceribod this differencs to the 10 houvs recwmbencey assuwued by
vheir paticnts before the weasurements were made, IHowever, a
reeent otudy in ouw ileborolory has shown a neen of 10.52 mug/i00 mi,
(5.2 & 2,98) in 1% normal non~pregnent wemen ofter 12 hours!
recunboney, this ronge being very siwmilar bo that for all
nornal non-prognant subjects (sec Chapbes %)

The degree of clevabien of plasma aldesterone above the
noral non-prognant renge in the present series was of o similor
order te the imereases in cldestevene seerebion wote found im

.

pragnency by Jones et ol {2959) end Vateunebe ot al {1963).




The wesulbs degeribed in Chapter DeB.were also in accowd with

vhose reported by both those groups of workers whe hed found

o propovtion o¥ results iﬁ or close bo thoe nomual non~prepnand
ronge. Goncoxdence betwoon the mesnitude of inercase im
aldesterone secoretion valte and plasma aldoesterone concentration
ig not waexpected, since there io gemoral agrecuond that. the
overall metobolie eleavance rate of sldesterene is noté greatly
altewed in pregnauncy {Jones ob al, 19593 Wabtausbe eb al, 196%;
Poit ot el, 19023 Bayerd eb aly 19702), Alse, thers is mno
evidence of significent prodein-binding of aldegterone in

PRCERANG wWamen (ﬁeyer, layne, Tait ond Pincus, 31961).

Placma cortisol concontyablon.

The present results (Table 1, Figure 8) have shoun
amallew ineveases in total plasma cortisol thon those
previeusly wopevied (Stewarbyet al, 1961y Bre-Rasssmsacn
eb ol, 19625 Feiecdaan end Beewd, 19003 0% ornell and Welsh,
19693 Burke and Roulet, 1970)s This mey be due, ab loash
in pavt, to diffevcuesns in specificitys With the ezception
of those of Bre-Rassmmssen ot ol (1962), for vhich ne cvaluatien
of specificity is availoble, end of Burke ond Pouled (1970) whe
uged o competitive protein hinding wethed, these previous wesults
were obdoined by fluovimebry, whkeh has been shown to give highep
velwes thon the dewble isotope devivabive teebniawe {Jomes,

Tovmaend ond Fraser, 1967),.

|
b




Plagma corticosterone conecnbtlabion,

With few exeeptions, pleosme cortiecsberone comcentvotions
renoined within norael non-prognowt iimits (Feble i, Figuwe &),
the rauge in pregnoney boing similor to those of cavlies
reports (Stovard eb aly, 19613 Morbin ond Mawbin, 1968),

The resulys found by Morris ond Williams (1953) vewve highowr,
bub thols nommel non-pregnond conconbtrations were also above

those of this and the other 2 gtudics menliencds

Plagms 18 dooxycorticosierome (DNC) concembrabion,

As Zar oo is lmbwﬂ, only one study of plasmo [OC
concentration in pregrency has becn published {Sehweit:amm ot al,
1969). ‘ﬁm outhors merely mé&aﬁiax& that subwicvogrom levels
wore found in 7 némmi pregmnﬂh wvomonl gnd did mot give detnails
of their wesults ov of ﬁ;héim noﬁual non-pregunant values,

Fhe date from the present study (Figure Z1) have shown o
pattern during preguouey which is similar do thet found Low
plasme ecortisol eenccaivations Mean levels wese fwom cezly
to lote pregonomoy ab vhich sbage 7 oudb of the 12 casen bed

concentrotions above the novmal nen-pregnsnt range.

Plagng progogberons concentzobion,

The progressive increase in plagia progegtorone concentrabien
Zrom eavly pregmomey to Hoxm (Figure 26) is in accerd with the
results of other studles (Bton end Showb, 1060 Greig, Coyle,
Cooper and Walker, 1902 Wilcst, 19675 Yauuone, leCurdy and

Goldfion, 1968).
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Plasmn ologtyolytes end esmelality.

The yeduced plasma sodiuvwm concentyadvions in corly and
nidepregnoncy (Figure 27) have eonfivued the rosulis of Nowmon
(1957) s Herbinger aud Wichmauvn (1967) ond MaeBonold and Gosd
(1971). VUnlike thome eavlier reports and our own eeriicw
gtudy (Figere 7); the levger number of estiwnbions illusbrated
in Flgure 27 shoved a further small but statistically
gigaificent fall in the thixd trinestor, a Lindimg which had
heen noted by Brandobetior end Schullew (1959),

Plasua potassium concentravion showed less flueimation
than godivm duving prepgneucy, altheugh in general the results
werd in the lower pard of the norual non-pregnont range
(Eﬁguye'ﬁ7). This small decrease in pregeency is in accord
with previcus reporbs (Newman, 19573 Herbinger and Wichmonn,
1067; lincDemald end Good, 1971), ealthoush Drendstetber oud
Sehuiley (1959) hod found nc chonges

MaeDonald and Good (1971) weporied a fall in plosus
oszolelity 2 to & weeks ofter e§u1mtien and Rebertson (1968)
demongtrated o fall in plaswe comelality in the firet 8 wocks of
pregaemcy, with no farther change o temm, The normal nonw
prognont vemge assocliated with the technique used in the presend
gvudy wveo considerably lewer then thet guoted by Hebextsor, bud
the low levels found ium cavly pregnoney (Figure 27) ave in
aceond with the provieus veporis, Fhe eariice situdy (Figuve 7)
did not show such lovw lovels of mid-progunency, but this wasy have

been due te the cmaller numbor of esbimebiens corried oude
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Unlike the results of our prelimimary sludy aund the previously
veported series, en inercase in meen plaswa esmolelity in the
third trimester was found im the larger study {Figure 27).

The choages in plaswe camclality during pregaspey showved
a smell but gtabistically sisnificont correlation with the
chonres in plesma sodiun, less so with plasin potassiun
eoncentration {Table 14). lMacDonald and Goed (1971L) have
goumented that plasna osmolality corvelated less well with
plasie sodiva snd potessiwn in pregnant ther in nen-preguant
women,  They suggestod thabd sowe plosua eleectvrolytes may he
oomobicelly inactive duc bo protein binding and that this
heoeomnes less as the plesme protein pabtern changes during
Pregnaieys

No abtteupt hes been made in the pyvegsent siudy to couwpere
the wesults of primigiavid with multigravid vomen, Maclonald
end Good {1972), hovwever, found greater chaunges im plasma
sodiuwg in muldigrevidee ond suggesled thet this might be due
Ho the groatey cxpansion of plasma wolwne which ocouvrs in

thosd vometle

Blood aren, sewvan eronbdinine and ereatinine cleargnee,

Creatinine clearance is o measuve of glouecrulay Filtwation,
althoush less acourepe then imulin cleavence, The results of

this study (Tigure £8) have confizmed thome of provious veperts

that creabinine clearaunce is inevessed during prognency,
parbicularly in the carly mooths and that it rotwuvos guickly

to nomual levele afbew delivesy (see Hyitbten and Leitech, 1971).



The lewered serua levels of creatinine (Figure 98) ave
o vefloction of the increased cleawvence and sve in accond
with those meporbed by Sims and Keomtsm (1958) and less
voriable then those deseribed by Kuhilboek and Widholm (1966},
The seduced bloed uven levels (Figure 98) ave a roflection
of the ineveased urea cleavance found in preguaney {sce Hytien
and Leitch, 1971) and have slso been desevibed by Sims and
Kventz (1998).

Haenoplobin, hoemnboerit, plosmo wvolue, slogme protoins end

colloid osmotic pressure.
TN ST TR T 1 a0 Wt M ' A

The changoes in haeuoglobin, hoematocrit, plosms volume
and tobal plaswa proteins (Table 1, Figure 6) wore genevally
similar 4o these which have been reporied carliecr (sce Hybten
and Yeibteh, 1971)§&

Mear colloid osuebic presgure (Figave 6) was slightly
lower and showed o less consistend fall hetwoen the 16th ond
36th woek thawn thabt veporied by Roberitsen (2968). Hybien and
Leiteh (1971) have illugivated o close velationship between
sezwn albmuin concomtration and colloid cswobic prossure im
peegnanceys This relablonship dis likely 4o be the voason for
the divergence betwoemn celloid ommotic pressure and tobel
plasme proteins found in the present stedy bebveen the 28th
and J8th weeks the increase in dotal proteins ab this tine
being due to riging alphse and beta globuling which have I1itile

effost on colloid oswotic pressuve (sce Hybten omd Leiteh, 1971}
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6.8, RENIN, RENIN-SUBSTRATE, ANGIOTENSIN OND ALDOSTEROND
RELATIONSHEPS _IN _PRIGNANCY,

Although the preeise role of renin and ongiotensin im
relation to the otimnlation of aldestervone scepction in man
romaing o matter of controversy, there is no doubl that,
using the methods of the prosent study, positively eorrelated
changos in comcurvent plaswa venin/engiotensin I and aldosteronc
conecntrations have been demonstrated in e vaviety of situations
(sec Chopter 2 and Figuves bland §), Those include sodium
depletion induced by diuvotiesn or dictory sodium vrogiriction,
renal hyperionsion smd chwenie wenal failure (Fraser ob al, 1065,
1906 ond 19693 Drowm et aly 1971b)s By contwast, o sigkificont
inverse reigtionship hes been shown between the high plasma
aldostercne end lov plasma renin concentretions of "primory®
myperaldostoronien (Drown, Chimm, Dipterdieck, Fraser, Gleadle,
Lever, Roborteon and Tree, 1900a; Ferrios, Brown, Fraser, Hay,
Levew, Neville, O'Muivchoortaigh, Robertson ond Symingbon, 1970),

Boefore disecussing the pessibility that, ia pregnancy, the
ronin-ongiotensin sysbtom might be a regulator of aldesterone
geevedion, 1% is important to elarify the relatienships between
plasme wonim, ronin substrate and engiotensin II concenidratiens

in thie situation,

fhe relationshipns betwoon renin, renin-substrate ond anglotonsin IX,

The inmereases in plasoa renin substrate sccurring im

prognency eve within a ronge whilell theoreidieally could influcnce
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the amount ¢f engiotonsim fowvmed by o given concentration of
the ensyme renin, aud the dependonces oi reaction rate on the
proveiling substrate concentration has been denonsdrabted fox
oll substrate lovels encountered inm proguency (Helwmew and
Judeon, 10673 Skimner ot ol, 1972). It is not surprising,

therefore, thot no correlation has been found in prepusuey

heotween the plosne concentrabions of renin alone snd of

ongiovensin Il, although theoy have a noxmel rolotionship poste
partun (Figare 29),.

In view of this, it scemed possible that in pregrancy
angiotengin IX might e melated either to the produet of renim
renin-substrate or to the level of wenim-substrate elone, fGhe

present yesults, hewvever, have shown ne corrvelation hetvecn the

nrodact of plasgme renin z renin-substrate snd plasue ousicotensin II

ol any stase 01‘ #eobabions

Could, then, the amouwnt of engiotensin I¥ generated be
governed alone by the increased smounts of substrate avallable
in pregnancy? No evidenee Yor this wves found vhen all the
eptingbions made in preguoncy were analysed. However, on

separating the davae inte brimesters, g positive relationcship wag

denonstrated between the plasma econcentrations of renin subsirato

and sngiotensin I1 in early progmoncy (Tablie 15, Figure 31)s Doth

subgtonces inereased propressively throughout gostation aud why
this direct welotionship wes nod apparent in latew pregmaney is
not elear., Folloving delivexy, theve appeared ©o he a possible

relationship, although this did not reach stotistical significomece




ab the 5% lovel (Table 15).

if, then, it is tho subsitrete which is combtxolling the
generation of anglotensin II in early pregnancy, why ave the
vory high plosue conceatrations of renin not also influcnecing the
reaction ob this atege? A clue may be Jound in the poper by
Tunbers (A071)s  She found that most, but not oll, of the venin
in amniotic fluid is dncetive at pH 7.5 end io only achiveted
by eeid treatmend Lbolow pH 4,0 The methed 2oy estimating
plasia renin concentration in ihe preseat study {Browa eb al,
1904a) and the method used by skimmer {1967) both invelve such
an acidifieation,

It is possible, therelore, that these methods, in addition
to mopsuring the aetive onsyme renin, also mpasure ¢ ronine
like engyue which is inactive ot the pHl found ia physiological
. pltuntions, Skinner and his colleasues {1972) hove suggested
that this inective coupouent may be derived fron foctsl chorion
{see later in this chapler), If the high conceutvations of "renin®
measuzed by these metholds in mregnency plasma aro due, ab least
in 'gmrt, to this incetive enwmyne, this might explain the lock
of appovent effect onm engiotcasin II production,

Increcased circulating angiotensin IX levels way, in some
civouustoneesy exerd a diveet inhibiting effect on yonin
gecretion (Gonost ot al, 19653 Vender and Geeclhoed, 19653
Riows end fHedizuam, 1907). This feodback meehenisa could he ounc
explonption for the fall in plosus remin eamentratioﬁ in the face

o incrensing placma concentrations of substrate and engiotensin II




87

fyrom early to late progmaney. It is possible also that the
inereased anglotensin II concentrations may have a sbimvlating
effcet on the production of reuin substrate, but ab present this
romains speculative.

Throughout pregnoncy in this study, plasma angiotensin IT
cencentration was within noermal non-pregnent limidts im o grester
propoytion of wonten than plasma reuin or renin-subsitrate
concentyabionse The presence of an inoctive compeonent in
the vonin concentradien being measured could be the explanation
for this. On the other hand, it could mean that aungietensin II
production is blocked or that the elearance of angiotensin Xl
in imevrcased during pregnoncy. To dete there ig ne a atlable

evidence to support or refute these possibilitieg.

The welationship betvecn the renin-anpiovensin systen snd aldostoronsg.

In contradistinetion to other situations disoussed corlicy

{Chapier 2), no relationship has been found between concurrent

plagme renin oud sldogteronc concontrations in mid and late

proghoncy. This do true Doth of the present study and alse of
the gmeller study provieusly reported (Weir ot el, 19702).
Yoroover, o narked dispority coxisted between the eencuréent
renin and oldosterone levels in individual vomen et those periods
(Figure 9).

In eavly pregnancy, however, thorve was a gismnificont

eorrolabion bebween plogno venin and eldostorvone concentraticnsg
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(Migure 30)e  In viev of the lack of welationship between
plasns venin and angiotensin II levels at this otage, the
pesoible reasens for which have been digeussed in the pwevious
geetion, it would secum unlikely thet in eavly gestation renin
is gbimulating aldegterone selely vis sngiotensin IX, . The
possibility thovefore ozxiste that in prognency renin might olso
he nifecting aldostovence secrovion by o phthwey distinet fvom
engictengin I8, This woises the guestien as to whethey the
postulated remin-lilke ensyme of pregaency montioned caviier
night perbaps be inactive im the genewvation of the octapepbide
angiotensin ¥, bub aetive in the stimulation of aldosterene
socrebion by sowe 0'&3@2‘ internediate prodect,  Altheugh it is
portly neasured in the assay of anglotensin I, sveh o product
uight bBe 20 heplapepiide, vhich has been show to phimulate
aldosborone seoxebion by Blair-West end his associotes (1571).
In our prelimivary vepord (Weir et al, 19702), a
pignificant positive corvelation was found when the aldostorene
concentration vas pletted against the product of the concurvend
vonin ond renin-subgtrete concenbrations, However, subscouentd

pvady of a lowger puwiber of wemen at all steges of pregnancy has

acy shown no relatiensbip botweon the plosme remin x rvemin substiate
produet and plasma aldegterens goncentrabion,

It was chown in the previous secction that changes in plasma
renin~gubstrote concentration oceurring in preguancy misht bo
importont in detormining the effcetive plesma concenlbretion of

englotonsin. IV scomed possible therefore thet wonin-substrate
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might algo be related 4o oldositerome in pregacncy. In the
preliminery voports of this study (Veir et al, 1970a), no

such velationghip was dewonsbrable in thoe sceond half of
pregaerey, ond measuvenends from the enlarged study have
confizned this for cuch stage of gestobtion, Howevew, vhen

all the cgbinpbions throughowt pregmancy wove apelysed togethen,
a significent volationship cmorged (Figure 52).  Thic pogitive

corvoelation betvoen plosms venin gubstreate and aldosberene

concentrebions duving prepuneoncey. teken with the positive
corvelation between plasuic venin substrobe ond angiotonsin IX
concentrabions cexteinly in carly pregamey {(Figure 1), would
be in pccond with the hypothcesis thet siveuloting englotensin II
moy e affecting eldostovone scergbion, ob least in porde The
parellel changes in woan plasme concentrabions of awgiotensin II
end aldosterone during pregnoncy omd the puerperiun (Figares 18
- gnd 22) ave also suggestive, elbeit indirectly, that o volationghip
might cxish betweon them, snd this is supported to soiwe extent
by the fact thob both showed a corrvelaotion with plosma osnolalidy
(Table Lk, Figure 55).

Surprisingly, hovever, on statistically aunlysing the

peived data from individual women, mo sisnificent eorweletion

betwean plesua ansiotensin II eud oldosborono concendyabiens

bas boen Found ab gny stoge of gestabion (Tables 14 end 15),

Unlike sowe othor elinmical pituotions, thoem, in preguency the
cncund of angioctensin elreuleting in the blood does net appear

to be the mojor factow contrelling eldestersne seerveblon.
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Other csubstonces acting sepavately o together, perhaps
with emgiotensin, hove Deen iuplicated im the eontyol of
aldosterone secretion in monwpregnant ptokes (see Frasor et
al, 10693 Browa ef al, 1972b)s The offcet of these factors

in prognaney will thewvefore be discussed in the next secction,




s

0.C, TFACTORS AFFICTING THE RENIN-ANGIOTENSIN-ALDOSITRONE
SYSTE  IN  PRIGNANCY,

Although the weletionohips betweon eiveuloating wenin,
venin gubabrate, angiotensin IT end oldosterone are leos
clear-out in progroney ther in other situations, merked
changes teke place in all four components during mesbobtion
and the puerperiun. A vuubor of factors ove kuovn to influence
the plasme eoncentwations of these compoaents in the non-prepnont
stotes. It is therefore pertinent to discuss the offect of these
factors en the renin-sngiotensin-aldosterone systom im prognaney,
as well as their possible modifying influcnce on the intere

relationships within the system.

FACTORG INVOLVED IN ALDOSTERONE SHCRETION,

1, The renin-snsiolensin system,

In the previous scetion it wes shown that pleswa
aldostovence concenviation Aid wnot appear to be related do
plasue angiotonsin I concenbration, vhereas it was pooitively
corvclated with plasme venin substrate eoncentration over the
vhole of proguency end with plagma renin councentiaticn in tho
Tivet teimepion, |

As the overall metebolie cleavance rate of aldostorone

in pregnoney eppears nobt to be cipnificantly differcnt from that

in non-pregnant subjects (sec Chaptor &.B.), it s Lilkely thab

the seergtion rates ol the hovmone in pregment vomen are reflected
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by its comcendrevion in the plasng., It folleus thal
givéulating englotensin II clthewr has no influence on
aldosterene seewvebion in pregnoney or that ity offecet is hoing

nodified by ether Zactovs yeb to be discussed.

2o Pitulbary ACEL.

The evideneo in faveur of physioclogieal sdiuuwiotion ¢f
aldostorono scevetion by ACTH is eonflicting (see Fraser ob
aly 1969 and Browa et al, 197%), It is aleo uncertoin vhother
ACEH oubpub ip increased in normel pregnency (see Forshom, 19673
Hytoen and Leiteh,{w?i). The marked disgseciation found in
thig stady beiween plasun aldestorone and corbisel coneentrabionn
when measured concurrently {see Chopler 5.4.) indieate that the
inereosed aldostovene aseewetion is unlikely to be the wesuld of

seipulation by ACTH.

Be Humen gﬂmenﬁal lactopen {IIPL; huwsn chorvionic sematommmoﬁr@phm)

Thio peptide of plocendal ovigen, rescubles pitulvery growth
hoynone in it9 actiong ond ite plasma concentvabion appears 0
inereese steedily throughout pregnoney (sec Hytiten emd Leitoh, 1971).
A preliminory study by Melby ond his collengaes (1966) showed thab
the introvenous aduinistration of HPL ctimmlated aldosberenc

secvetion in mormel non-pregnant females and im woles, Ne

condirmation of this veport has yob bDeen obtaiuned, ond o
relationship botween the inevcased plasma concentration of HPL

end aldestercne in prognoncy rewains o be investigateds
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In non-pregnont subjeebs aldosterone secretion is ineveased
by codium deplotion sud alse by potassium loading. These chaenges
could he mediated by the renin-cngiotensin systen (see Chaptew 2),
Aaﬁ@rﬁaﬁivmly, they could be brought about by a divect effcet of
changes in piﬁs:a.eaneenﬁratiaa on the advenal cortex., In support
of this is the rise of plasae sldosterone essocinted with
hyponatracnia induced by seveve sodinm depletiem {Frasor ¢b al,
1966)s liowevew, it is also well establiched that aldesterone
seovebion is affeeted by clcotrolybe status before any chenge
opours in plasma clectrolyte concemiration (Erswn et al, 19725).
It thorefore seems mowve lilkely that olterations in electyolyte
balence may sbimelate aldestovene production indircetly.

Fhysidlogical quaentitiles of ACTH have been shown te have
little offoet on plasme aldesterone concentration im novmal
oubjectoe taking an narestricted dict. ﬁkmmm@r, vhen the
subjort is sodiun depleied, ACHH couses o mevked wise in
aldogtorone secrotion {Jemes, &aﬂﬂ@ﬂ and Praser, 1907).
Altezabions in cleotvolyte baleonece may thercfore be impoxbtent
in wodifying the reeponse of aldosterenc to other twephie factovs.

. P : . \
(2) Altorations in podiuu bolence,

12 em imervease in cirveulating sldostorone censtitutes a
norwal responge to sodium deoprivation or depletion, Lty
oceurience in progroncey suggeats a similor basis.

Plagne sodiuwn eonmccontiabtion hng boen shown Yo be low

throughout pregnoney (Table 6, Figure 27). A corvelabion

with plesma aldostevone coneentpation has sleos been demensbrobed
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(¥able 1%, Figure 37). Surprisingly, however, this corvelation
was pesivive rather than negetive as found in other hypeuatracmic
ptotes. Although statigtically siguiificent, thewe was a very
wide scabber om plotting the pleusma concentrations of sodium
againet aldosterene during pregancy, sugpesting thot this
mlght be a spuricus resuld {(Mguve 372). ﬂ'm-réver, on dividing
the deta into trimestors, o move styongly positive cervelation
wap obiained in late prograncy (Toble 15, Figure 36), vaile ia
midwprogoauncy o less marked, bubé abill positive, covrelabtion
wvas Lound vhich was significent ot the 1G[ bui wnet ab the H%
level {(Poble 15).

Plaswe eldoslioronc concenitiration, therelore, appeors to be
positively coraclated to plasan sedium econcentration in prognency
apert from the carly months of gestation, Favthor suppert
fernthis ohservation was obtained by finding thet both plasma
codiwe conceatiation and plaswp aldesterone canéemra'&i@n
correlaled in a positive divecbion with pleswe osmolelity, the
gorpelation with sediuvm being significant at the 2% level and
with aldostexrone being less significant ab the 109 lovel
{(Toble 1),

Uhy should the pelotionship bolweon the plasua concentrotions

of gldosterone aud gediun ot these siapes in pregnoncy be opposite

5]

[
@
2

ot ¢f other hyponaltracmic gtates? Could it be due o o

diffevence in overall halemee? In non-preguoont oitwations a
lov plesua eoncentvabtion of sodium is usvally a weflection of

severe bodily sodiun depletion with the exeception of entidivveltic




homuone cxeesss Studies in later prognsncy, hovsver, have
ohown no ovidence of maternal sodium dopletion., On the
contravy, retontion of sodium has been demcnstrated, the
quenbitico retained bemg approximately ocinilar to those
reguirved by the footus and placenta and by the iuecrcased
extraceliniar fluid (MeecCillivray ond Duchanan, 31958; Plentl
end Groy, 19595 MeeGilliveay, 1961).

The balonce studies repevted cavlier (Chapter 5.8) were
curteiled for practical reasons, espeeially beesuse of nouwseq
and othop symptom in corly pregnoneye. The wesulits oxX thesc
pbtwdics ave therefore of iimited value, Hwevér, they lend
support to the data observed by the above verlers, in thad
there was ne ovidence, oven in ocevly preguuney, Por mnatornnd
éaﬂium depletion, and thet, if anything, thore aeppeared o be
a slightly positive sodiua belence (Toble 17, Figuves 42 {o-44),

The fovegoing date suggest that the inereaso in aldosteronc
gecerebion in pre@mmy is nod stimuleted by gediun deplodion
ox hyponutyacnia, DBathoer, it scems more likely that, like
prinary hyi@@rah!@sisez;aniam, the raised plagma aldestorone ic
+he initial ovendb, which weosalis in sodiun retowtion aad a
positive correlation with plasme sodiuwn concentration, albeitd
ot lover .'léveis then those dound in nonwprognand subjocts,

This offeet of oldosterene on sodium balonce will e discussed
in more detail later (Chaptor 0,B), vhen dhe overall wole of the

renln~angiotonsin-nldosterone pystem in proguaney will be examined,




(v) plteraticns inm potassiuva balanecs

Tovel coxchengeable potassium ie ineroased in normal
pregoaney although the sucunt of potassium por ky. body weight
is less then in non-pregnont females {MecGillivray and Bachanan,
1958; MacGiilivreay, 1901). ~ The prosent siudy hos shown me
ovidenco of lin;r@erkaiaemial - in foeb, the plesua potagsium
cencentraticon during proguoncy was mainly in the lover pawd
of the neimal non-prognant rengo, o possible wesuld of
haemodilution, IHowever, vhen the changes in plgsua potaossium
vore telen in cenjunction with $honges ir plasme renin substrate
ond angiotensin I1 eoncentrations, a positive correlatien with
plosna aldesterone emerged (Chopber 54B)s  The emount of
eirculating pobossiun may therefore be influencing the actica
of angiotenain II on aldesterome secretion in pregpaney.

The ewmiaﬁioﬂ botween the urinary exergtion of pobassium
end plasma al@aatgmzze concentration is likoly to e a reflcedion
of the p@‘ha@siuﬂ: exeroimry oifeet of aldosterone on the venal
tubules, and is thevefore en indication that the inereased

cizoulabing asldssterone im progneney is in an sedive fowvm,

FACTORS XNVOLVED N RENIN & SECRETION.

The ossoeiabion between the plasne concentwrabions of
venin end sodium in nen-pregnant subjeets has beon discussed
in Chapbter 8, venin scervebion belng olimulated by sodium

dopletion snd imhibited by sodiuvm loading., This welabionship




also scens to oxipt in the puerporium, whore an invesrse
gorvelation has been found hetween the fai&limg renin and
ricing sodiwa levels (Table 15)(Figure 40),

uriog gestation, o velatiouship between the hyponatracmia
and the incressed eiveulating venin might have boen oxpected,
However, ne such covxelation hos been obtained ab eny stoge.
The reasons adveanced fer the fsiluve of the hyponatraemia o
sbinunlate aldesterone seevebion gould be put Fforwvged in the
cane of renin geovebion. It also secms posaible theb other
factors mey be playing a poré in venim release during pregnancy.

Like plasma sodiun concentretion, plasma cosmolality is
reduced, especially early in pregnoncy. (Figuve 2?), and failure -
to coxwelote with plasma venin concowdration couwld bo due to
ginilor factors.

It has algoe beon suppesbed thev chonges in blood voluue
ox hocaatoerit mey aficet venin release end hemce civewlating
renin levels (Browa ot al, 1906ey Niclsom ocnd Npller, 19G8),
bub no velationship was found in this olndy betwoen plesuie venin
end plasna velume o haemstoerit (Chaptor 5.4),  Similawly,
chamges in plasme protein comentfatian and colloid emmobic
presgure have beem shown to bave mo correladsion with plasug
venin cemeentrabion (Chaptor 5el).

Stimmlation of wenin seerebicn seccondary o srtoxiowvenous

phuating of bleed in the placenta (Mulrov, 186W)or pressure en
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the renal orberies by the gravid uterus (Forshom 1867} have
also been postulated, but seem unlikely to bo operabive as
carly es the fifth weelt of pregneney, vhen a marked inercase
in venim hes alveady been moted (Pigure 11). |

The feilure of eiveulating remin to covrolate with any of
the sbimmli established in other situwabions might be due to
the intewvcction of e nunber of these Pactors duving pregnoncy.
Oa the other hend it gould be taken as cvidence thet the plaswa
renin concentration being measured contains o propoviion of
insetive remin derived possibly from chorion (Chapter 6.B).
Fhe posgible 1ele of nou-renal souvrces ef venim in hunen preguancy

will be discusged in Chaptow 640,

FACIORG  INWOLVED IV RININ-SUBSIRATE  PRODUCTION.
Inevenses in plamta renin-subgbrate eoncentration similew

to those found in prognaney heve been Found in vomen talking

combined cesiregeu~progestogen oral contraceptives (see Chapier 12,

Tiguve 58 }J¢ As the secretion of cestrogemsand progestorenc |

increases gbeadily frow early gestetion (me lybten and Leitch,

1971), one oy other, o both, of vhoge hommones could be the

canso of these incresses in plasmo lovels of roninesubstrato,
Helmer end Griffith {(1952) found that rat plasmn vonine

substrate wes increased by ocstrogen edninistration and thig

hoo binss been confivmed in wan (Helmer ond Judson, 29673

Newiony Sealey, Ledinghan and Lavagh, 1968)s  Frogestogen alone




hod no offoeb on vab substvate {(Helmer and Griffith, 1952), but
the progestogen norethynodvel, which also has gome cegbrogenic
properties, produced o swall ¥isc in hunen plosue subsirete
concentration (Wovton ob ol, 1968),

in on cxperiment to be desewibed loter (Chapter 12), wenen
given on ocsbrogen (mestwanol) showed mavked incveases im plosme
renin-substiate concontvetion, whereas those given & progestegen
{othynodiel discetate) showed no wesponse {(Figure 63 e

I% seoms likely, therefore, that it lg the increased
ocstrogen seoredion in pregusuwey vhich sbimplates the wise in
plasma renin-substirate coneontLavion

Geatrogens and coubined cestrogen~-progestogen oval
conbraceptives have been showm to produce an increase in
cortisol-binding globulin (Sandberg avd Slesmvhite, 19593 Loyne,
Meyor, Voishwamer aud Pincus, 190623 Doe,; Mellingey, Svaim and
Scol, 19673 Geome eb al, 1969a), thyroxine-binding globulin
(Boe et oy 18073 Keane, Pegg and Johngon, 1969H) ond in
olpha-2 mecroglobulin and trepsiexyin (Horne, iowie, Weir aand
Goudie, 1970). As rvenin-subsivate is in the alpha-2 globulin
fragbtion, it secms possible thob the raised concentration in
pregoency is associobed with increased hepabie globulin synthesis

govimuleced by heighiened oeslrogenic acbivity.

CPACTORS  INVOLVEDR IN ARGIOPINSIN  PROZUCTION,

The eotepeptide angioieusin 1T ia generated via the
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decapeptide sngiotensin I by the acbion of the enzyue renin

en ite protein subsiwvate in the plasma, Fostovs which a¥feed
eivenlating levels of wenin ond rerin-subabtrate wvould thorefoxe
be oxpected to indlvence the owount of mgictensin II preseny
in the plasma,  Such factows have elveady been discuesed.

The presence or obseuce of inhibitors or agtivabows of
the rvenin - renin-substralte resction might olese influenco the
anounts of ongiotensin I end IF gemervated, es wmight clterations
in the enmyaes involved in the conversion of angiotensin I to
agiobensin TE, Didtdle is Imown abous these factors in humen
PREENANSY e

Vavigtions in'ungictonsinase aobividy' might alfeet the
survival, aud hence the concentrationy of sngiotensin IT in
blood. As has heen deseribed corliew (Chaptew Z.4)s; engictensinasc

vy

activity is generally increased in pregnancy, bub idte infiuence
on the civenloting lovels of englotensin I in this sitnaiion
hgs not Besn clearly assecssed, Also, an altevation in metabolle

clearence of onglotensin IT hos net yet boeen shown in pregnoncy.
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6,P  TEN SIGNIFICANCE OF RININ IN THE UTEWUS AND
PONTO~PLACENTAL UNIR AND OF ALDOSTERONE IN THE
o O PODTuS.

In e hwmon, high condenirotions of renin, or o enmyue
closkly rescubling it, heve bocn found in amiotie #luid (Brova,
Buvies, Doak, -Lev,'er, Robertson and Tree, 1964by Skimner eb é.i,
19685 Luambers, 1971) (Figure 45) ond in chorion, amnion,
decidua, placenta and myozctwiun (Skinner et al, 1968)s Renin
has also been detected in the huwaen foctol kiduey (Ljunggvist
ond Wagermarlk, 1966). |

Therine reﬁiﬁ increnzes during prognoney (Geelhoeii, Vandex
and Carlaon, 1970) but considerably less reain is dotectable
in hunon uterine muscle then seeus to be preseat iu that of
certein other memmals, such as the rebbit (Skinner et al, 1968
Ferris, Gorden end Mulrow, 19673 Byemn, 1970) As o result of
tissue culturc studies Symonds, Stonley and Shinmer (1968)
concluded thot in mon this intro-utevine venin was mpinly of
choyionic origin from whero there was reoody access bo somiotie
fluid, |

Orown aud his colleagues (1964h) found genorally slightly
higher goncentrations of remin in wibilical vein plasré.a then in
materaal perigsﬁeral venons plasuo ot tema whewveos in two similow
studies Skinner et al (19683 1972) Zound no consistent difforences
Detween the plasua Pemin concentrations ot those two sites,

Mthoﬁf;h not certain, it seoms likely that in leote progmoncy

the high levels of renin in the nabternal bleod ave derived from the
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motermal bidneys rpthop thon from the wierus o Ils sonbondoe
Erinner ot ol {(1668) postuloded that it weuld be difficulé fop
the hugn chovicn to condtpibude to the moternal clrenlation
thyoough the thick decidunl Rayere Confirmadion of thio has
heon obiained ?sy& W rocont studies which dononstratod lowew
denin actlvity end concoptvotion in wbordne compared bo pewipborel
venous plageo in wonon ob bowa {Bolod and Cclichalki, 10725 himew
ob ol, 1972}, Hovcover, oloveted lovels of wenin moy poveiat i
Gho motopnel periphoral bBlood fow soveral doys aftowr doiivowy
{Figuve 1%), vhoscan the holf-lifo of endegeneus swuing ob any
b dn the enophwie subleoty io of tho opdesr of 120 mivados
(Brova, Cuwdis, Lover, Robomdao, de Wozdenor and Wing, 10655
Those ovguncnts, howover, do mod noecoonwily apply to
vhe ecovly vecks of progronoy, ab which diwe woasurenent of
wierine veaocus wvenin concomiration hws not vob bomn wepontod.
Shivner ond his casociaten {1072) hove chewm thot measuvemend
of plosha yenin concoRtration in pregnaney might fvclude o
physiologicolly lncetivo renin-like opsyme with chorcetoristics
pinilar to these of choricnic ond amictic Fvid wenin (Fuuborsg
1971)e  Thay hove slop poimted oub thot chowicnle pensdotzephin
oo poon inte the woteinel elreuiation doving the whose of cyic-
trophoblastic prolifewation (Jones, Belfs and Stean, 108L) end

hove avpoostod thot chorionio vemin might do likowices Do

dlacnosed in Choptor O.1), thic might cxploin the vory high

ploagna ponin conoanivatiens in carly prognozoy amd the goporend
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Iack of correlation betveen circulating levels of renin
ond enpiotensin If in thisc situation,

The functlon of intrauterine ronin remsing wneertaing
pogsibly it may be concerned with the reguletion of sodium
end fluid tronsifer to the foetus, The rudimontary cownter—
curvent vasenlay systeam of the humnan placenta resenbles, in
soue vespoets, the more elaboreto erroageuents in tho kidaey
as described by Hriz and Loever.{1969); it is ot least possible
on presenb ovidenee that in both situations ronin, vig
engiotonsing controls the velocity of blood flow, and hence
the officiency of fiuwid ond cleetrolyto exchange; Another
poseibility is that the ronin-puglotonsin sygten moy have o
role to play ia parturitigu, os anglotensin II has boen shown
1o heve en exytoecie offoct (Paive ond Peive, 1060), Somo
support for this io suggested by the finding that 2 wonen with
historics of poor uterine contvactions had lower uterine repnin
concentrabions than other women (Geolhoed ob al, 1970),

Plosmg renin-substrate conbeﬁ%ra%i&n has been found to bie
lower in foctel than mabernal yléama (Sﬁinner éﬁ aly 1972) bab
to date no reporis of angiodtemsin concentration in foetal Lloed
bave Been publiched.

The bunen foetal adrenal is capable of coverting coxticosterenc
o aldostevonc in vitre by the 16th week 6f ge@ﬁé&ien {Buton ond
Villee, 1969). At tewa, sigeifieant cmounts of ciréulating
aldostorone in the foetus oppear to be secveted by the foetal

advonal while only o small proportion secms to cross the placentn
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from the mother {Voyard ot al, 1970a)s The levels in foctal
plesna #ve genevally higher then in moternal plasma, bub
regpond in a giuilary fashion to changes in maternal sodiwa
intoke (Heiting, Dayerd, Levibsky, Ances, Yowarski end Migeon,
1972). Whether this dispawxity in sldostevone coneentyabion
between mother and Joetus is agsecioted with placentnl transfer

of godiuvm vemains te be investigabed,




OuBe THE FOLE OF THE RININ-ANGIOTINSINALDOSTIRONE SYSTIM
W PREGNANCY ..

From the mesulto of those nud previously repowted studies,
it io now well established that profound chamgen oceuwr in the
cirenlating levels of romin, renin~subsiralbe, angiotenscin IX
ond gldosterone during norusl prognencye Ab the some tiine,
the mother in adepting to the demands of the enlarging whorus,
placents ond foetis by werked elierations in hovmomel, Lluid
ond electrolyie bolance, What, thea, is the physiologieal
voleg if any, wf the reninuaﬂgiotemsinmalﬁosteran@ syoben in
preserving nobevnel honeostnsis during this tiune?

It hos been shown that, rather than sodiun deplotion
aebing as & stinulne to aldosterone gecrotion as in mony
nen-progaand situations, in pregoaney the inercase in sldosterono
production appears to be the pwime mover in the contrel of sodium
balance, That iz, the inercase in plasus eldesboerone
eoncentration nay occcur prophylecticaelly in the varly weeks to
prevent the develeopment of maternal sediwa dopledien ag gestobion
RUVoRes,

A munber of potentinl pources of maternal sodiun depletion
have been identvitied, Taken singly they might ned have a
deamatic effect en sodiwm balonee, bub their cumulative effeed
as pregnency proeceeds oould veoult in o markod sodiwm defiedd
unless compensated by o poveriul spdivm-wretaining ssent such

a8 aldoostorone,
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1. It is buowa that the glomerulor filtrabion yate is
siorkedly increosed as carly as the 12th week (Simg ond

Keentz, 10583 Hytten end Leiteh, 1971)s  Thie would lead

to inowcased sodium excretion unless coupensated by incressed
tubular sodium yeabsorption, pronoted possibly by increcased
civouloting oldostorone,  Wabtanabe ot al (1963) veve unable
to demopstrate o corwvelation between plowornlar filtvation and
eldostorone secreiion rates in later pregrancy, but by that
sbage other ovends to be described could heve obsecured a

simple velaticnship.

2, Duviang pregnuncy, the incrcases in plasuan ovstrogens and

progesberone pavallel those of plasua renin~substrato, ansiotensin IX

and aldesterone concentvations (see Hybten and Leiteh, 19713 ond

also Chapter 5,8, Fipures 1%, 18, 22, 26, 35 aad 54).
Progoptorone inhibhits the action of aldostovenc om the

ronol tubule (Landou and Fugibihl, 1658, 1961), aud inevcases

the urinary oxerction of sodiuwm when given to nonepregnont

vomen in doses compavable to tho rate of sceretion in mexmol

preguoncy flondow, Dergenstaly Tmgibihl and Kasehb, 1955

" Londou, Yugibihl, Dexgenstel and Dinick, 1957)s  Io noxual

pregnent women the aduinistration of progesterone has been

shown to stimmlote aldosterone seerevion (Loidlew, Ruse cnd

lﬁ?mmali, 1902) end o correlation between urinery pregnonediol

excrobion ond eldestorene sceretion hos been found (Jomes ot

oly, 1959), A trvausiont metviuvesis cud en ineveese in

aldogterone secretion rate bove alvo been dewsnsirated during

o~




the adainigtration of ocegtriol and ocesitradionl to nonwpregnontd
oubjeets (Kobz and Kappas, 1967).

ﬂmmver, in attmptmg to rela‘éc these eveni,s to chongoes
in renin ana aldosi.erone a.t should be home in mind isha'b
progestezmne (F:.gure 26) and oestrogens have been shown to
inerease slgmly in early pregnanecy, ‘with a progpessive r:.ge
to term (Short emd E‘tén, 19593 6Greig et aly 1962:_ Younone
et al, 19683 Brown, 19563 Klopper cnd Iiil;Mcz, 19633
Semean, Drodbury anﬁ‘t}op_lemd. 1969) and thes; would therefove
he cxpected .i:a have a grester effcet on sodiwa baiance, venin

ond engiotensin in late rather than early Pregnancy.

.3. During preguaﬂéy, there is an edded requirement fox
approxinately 9,30 g of sodium, of which ghout 530 mﬁq

are needed fox the groving uterua, i?oetus and placenta

(Giytton and Le;teh, 1971).  Although it is ualikely that
diversion of sadim to the foato-placen-bal unit would be
sufficicnt to deplete the mother in the fivet wocks of gestotion,
o ewmaloted deficit could ocewr in later preguoney uwnloess
counter’iaalancéé by an increased dietui'y salt intake or by

ingveased rencl tubular veobsorption of sgodiwn,

If o rise in cireulating aldosterone is yeguired 4o
prevent the onset of materral sodium depletion due to these
factors, vhet is the initial etimulus to the sldewterone
@éémtioﬁa? A speculotive sequence of events ig ghown in

Figuve 40,
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The raisged production of gestirogens from the ecarly
weeks of gosbtation moy stimulate inercesed liver synthesis
of reninesubstrate, At the same time a rise in renin
secration occurs, peseibly wainly from the choxion, The
inercosed venin-substrate reoults in elevoted levels of
eirveulotivg ongiotencin Ji,

Yodifying infiucneces, espeeially plesme polossiwn
econcontrotion, mey oxploin the lack of diveet covrelation
betwoen the plecia levels of angiotensin [I oud eldosteronc,
Nevertheless, in view of the atreng corrcletions in other
aitua\’sieﬁs, the obsence of such a diveced reloticaship in
progeaney ie removheble. It moy moan that in progurency, in
agdition to its effecet on the advenal eovtex, angiotonsin IX
soy oleo have o major infiuence on Iluid belonce by stimulatiag
the sceretion of entidiurebic hormone (Bonjour end Malvim,
1970) or by itsclf exorbing ed introvencl entidiuvrebic offcct
(Brovm et al, 19'?2@.;). To date, cnbdidiuvetic hormone lovels
havo net beor nmeasured ir preguoncys

The diveed ;*elatienship botween ronin and gldosterene in
the absenee of a relotlonshipy Lelween venin and englotensin IX
has led do the eavlier gpeoeulation that circulading “chorvionie
reniv¥ may act on subgstrete to fowm, fov ez:anrplé, 2 « 8 heptow
peptide which has Geen stabted to gtiaulate pldostorvoene secvebvion

(Blairatfogt, eb al, 1071)y This, 0f course, vousing hypothoticnls




Phe combined offects of waler wetention (mediated by
engiotensin IX vith ov withoul antidiuredic hownone) ond
sodiun retenbtion (mediated by oaldesterenc) would resald
in inercased plasme volumus, which has beeu shown o be
necesgavy for adeguabe developmend of the foobus (Iytien
and Lsiteh, 1971).  Incrcased renal blood flov oud glomerulew
Filération rote would be a censequence of this, EGreater
vebention of water then sodiwm would eceuse incroased plasama
water contont (Pasby, 19593 Uyiten ond Leibch, 1971) and

e lovering of plasna eleebrolyic concentration and osmelality,

The renin-angloteongin-aldosterone system appearvs o be
foncbionplly active in normal pregnevey snd vheve is evidence,
albelt mainly civeunstontial, that it may have an imporbans
role in The meintensnce of wmaternol slectrolyite and fiuid
bolancos

Towevers o pussling sitaobtion arises when women with
1ittle or no adreng-cortienl funchbion become prognont. Thowve
is ne evidence for significent placental gsecrotion of aldestevenec
(Banlicn, de Vigan, Beicalre and Jayle, 19573 Laidlow, Cohen
end Goxnali, 19983 Christy and Jailor, 1959: Iriegew,
Gabwilove and Soffew, 1960), and these women therefove have
negligible civeunlating levels of the hovmones Unless they
inoreased their dietany sediuwn considerably, sush women mighd

be expeeted o reguire increased spounls of exogenouy

109,




mineraloserbiceid to moinbtain sodiun halance during theiw
prograney.  Thet this iz not go hes been suggested by o
gtuedy of women following bilatowsl bobtnl advensleetooy
(Hosber, Grober ond O'Rowrke, 1966),  These women hed
puite nevasl preghsucies withont requiving en incresse in
theiz replacencont doses of gluecocorbicoid ov mineraiocorticoid,
They were boking sald in thely dlet ad ik,

Iv 2 wonen with adrenocontiecal insufiicienecy studied
in late pregnency, serun clecivolytes wors vithin the wowvel
pregnont range end sldosterone seerctions weve very low ap
undotectable (Drucker, Hendrix, Lovagh, Cheisty sud Ven de
Wiele, 1903)s When given o novmal sodiwa iwbtoke of
91 iy delly, one of the wonen had a negative sodiua balouce
while the other had o positive telanece when giver an inereased
intake of 237 vlly sodium daily., Neglible effcels on olectrolyte
exeretion were observed vhen lerge gquentities of aldosterone

weve odministered intravenously bo those women bofore delivery,

vhoreas post~portun the normal sodiuwm rebaining effeet of

aldostervone was vestoved., The iunsengibivity to aldesierone
in pregnency was thought e be due to dthe oubegonistic offced
of progesierone,

In the absence of aldogierone, progestevone dses nod
oppeay 4o cause a natviuvesis (landen ob aly 19553 Landaun
ond fugibihl, 1958, 1961), The tendeney to sediun deploticn

moy, thewvelfore, be less in proghent wonen with advenccoptical
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hws

insuificioncy than in normal pregoond women, ond they may
he able to cope more easily with the veguirements few
addibional sodiwa by increasing their dicbeny salld dntako,
Coneurvent measurements of plasma ronin, ronin-subsbrabo,
engiobensin I and aldostorone cencenbiabion and of clecirolyte
and fluid balance during gesbation in women with adrenceorbical
insufficicncy might belp to elucidate fuxther the fascinobing

problem of the role of the renin-snglotensin~agldosterone sygbem

in noxmal human pregnancie
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LIAPRER
L

LB INVESTIGATEGN OF A FOESIDLL RELADIOUSIEE  DBIRURI TS
SEMEROHE  OF  BAREY  FRUGKANGY, VRASMA  HRLOOTRUOIYISS AND e
RN ANGIOP TSI N-ALRBORITUNG ST,

Metoneo {20%6) gave o detailed cccound of the ayaptons
cxperienced by nownal ocubjeects dupdng oovere oupoerdmental
sodivn deplobion, VProninond featuves inelundeds nauseny
apowraticne of taodey o pocsliley wmotollie tnse somoblmes
miobnken for thivet bud not rellioved by deivhing woltew,
wusculor ovawps, oud mentol and phyoicel lessitude, In
Chapter £ 1% was peon thed podiun deplotion is associedod
with inevonsed plosma conconteatiens of renin, auglotonsin end
aldostorong, Ib io weerdaein do wvhas onéend the syoptoms of
sodivn chlopide deficleney ave duo o sedimy oblerido lock o
wuchy op cldozmantively do the ampsecisted bowsonal chavgese
For cnmuple, ongiobtensin hos boon shoun 4o cause polydipsis in
pats {(Pitesiucns ond Siwens, 1669) and the coseciatod viso in
dveuiasing anglotenpin hao been suppgesdod ws o pogsible couec
of the intense thizet vhich souneobimes avownponicn sovere rennd
foilure in nom (Brovn ot ol, 1969b)

Ao has boen sgeny prepnancy is o piftustion whowe thove

ave adeguadte couses for o aprled tondomey 40 sodiwm dopletion

{see Chapiow G.0)e  Novoever, scvewal bicechemiend featuroa
wooclated with sodivn doplodlon may be prescat fvon carly
progooneye nemely, irevreasos dn thoe plosmn concontrations of

venming(Pisuve 11}, angiotensin BB (Figuve 19) and cldesterene
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(Fignee 23). Finally, seny of the lmewn symplons of severe
podinn deplotion (neusen, shevvabtions of taste, a metallie
pensation in the mouth warelieved by deinling, thirvst,
cvanp, mentol snd physicel tiveduess), ave go coumon in
prognancy, espeeially in the early weeks, as to be dismisgsod
ofton without comuents These similprities of biochemical

foatures ond sympbous secemoed to bo sulficiently striking

o merid furdhor exanination,

Glindeal methods,

98 noxmal pregpent women wore investigated bafore the 12th
veek of gestetion. iz of thoese womnen had been adwibbed for
temination of pregeancy wader the Abowtion Aot (1968), and
blood samples wewe balen fron then botween 8.30 and D450 flite
The remainder of the wowen had bleod samples taken sb mouning
or afternoom vigils to the cntenalel clinic or Wawvds ALl1 the
vomen voxe on an unresbricted died ond hed been peewnbent fow
ot Loast 90 minuwbes hefove the semples wore balon.

ALL the women weve given a guestionmeire to complobe
vegerding their syapions at the btime of sawpling., This ig
illustrated in Figure 47, Whe symptoms were them avbitrorily
scoved, one point being given for cach pyupbom presonts os showd,
Wheve the petient indicabted a merked severity of a symphomn,

2 points vewe allocateds The dobal seore was cabowed in the

protocel hefore tho resulis of the biochemieal tests wowre lmoua.
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Biochemical ond gtatiseicol molthods,

These were ap descyibed in Chapler 3.
it

Rogultse
The corrclations betbveen symptons end biochemical shanges

wvere as followgi-

Placiua 2 r gipnificones
P
Syaptons | Remim 27 | 0,062 > 0.1
Syapbons Substrate a8 0.010 > 0.1
Sympions Aogiotensin YE | 28 0,283 > 041
Syaiptouy | Aldosterone 20 | 0,068 > 0.1
Sympboms Soddwm a7 0,270 2 Bl
Sympoons Potassiwm 27 | ~0.559 < 0,01
Sympboms | Oswolality 15 | 04300 g N ]

No relationship wé.a found botween the overall aywmpiems
of early pre@aéney ond changes in plaswa concentrobtions of
renin, renin-subsitrate, engictensin I1 and aldosioronos
neither wvere plasiun sodiun oud omuolality velated to the
indidence of syaptons,

A significoncd negative correlation, howeﬁer, vap obtained
between the scverity of syuptons and plesma potassium
goncentration (Figure 48 ).

Farther emalysis of the results showed ne evidenmce thab
plasne angiotensin II concemtration was greater in women whe
comploined of thirst alone them in women whoe did not aduld o

this symphcn,
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POTASSIUM
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mEq/i
42

36

30—

r=-0-53
p<0:02

Fipure b8,

3 6 9
SYMPTOM SCORE

Relationship botween plasma potassium
concentration and symptoms in early
PLOEIBNCY «




Tooungaion,
EFRRAR R L T A

tocwing in vind the poseiblo dunceukuslos in the methed

£ Y

of peoring, nono of the conponents of the veninwangiodonsine

-

aldestorone ayedam covralebod signidiennily with dhe sambowr

2]

of sovorldy of syupboms, In porbiculer, plosws eaglodencin I
ponoentrabien 414 nob appesr W0 ho releved o the piooonee op
dogroe of thival,

o Leob thal plassn godiuvm conccentrabion ehovad ne
covrolotion with sympions decn neb necooparily lmply dhat
godiuwg deplobion wos aeb prosent, Z&IL RN 3‘10’{9’%15'029% in keoplng
with the resulis deseribed in Chopbor 5,0 (Fipures 42 and A4)

»

ju vhich thero was so ovidenoe of o sogobtive podiod boloneo
W

e

§

a enply soptabion,

Nowa of the wonen studiod compleinsd of weadiing ow
diovrhosas, It s unlikely, thewofiove, thab the hyookaloemio
uen due o these complicobionne 0o the othor hend, o6 Reast
sone of tho sysphens eonld bo abiributed to the lovored

plasns pebasaiun concendration -

I prepnoneyy o volaticuship cxletn Yelwoon urlnavy pobassiva

provoblion and plasoe ecldoptoyono eoneontradion (Ficsuve 38),
b

a

Aitheugh no diwvoed cormelotion hos been chown botween plosan

lovels of aldostonone cnd potassima {Tablo 18) or hetwoeon plosnn

a X

aldoptorone ond ayaptows, 40 peoms possiblo thoat sone of o
& ]

tmovonond eivouinting lovels of oldooboronc,

1354




SECTION IIT

INPIBTINSIVE  DISEASE OF

PREGNANCY

i16,
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CHAPTIR B

LITERATURE  REVIR,

THE  RININ-ANGIOTENSIN-ALDOSTERONE SYSTEM IN [AVPERTINSIVE
DISPASE OF PROGNANCY (PRE-DCLAMESIA)

Definitions of what is called variously “prewcelampsiat
"oxaomia of pregnancy®, "spocifie hypertensive discase of
pregacaey™, “pregpauncy hypertcnsion", differ widely fven cme
centee vo anothovr, Where diffevent components of the wenine
apnglotensin-aldosterone syston have been estimabed, adeguate
consrol subjects hove been studied in parsllel in only a few of
vhe veporited soviecs. The metheds foy measuring these verious
compeonents hove else @differed and sotisfectory comparigons aye

therefore semetimes difficult to moke (see Chapier 3).

PLAGHA RENIN ACTIVITYV.

This hes beon variously reported to be ineroased, uwachaunged
oy decreased in women with hypertensive discose of prognoncy.
In 194k Bexier eud Haynes reported renin-like material im the

bloed of 35 women with hypevrtension of sudden omset in lote

preguoney, but found no evidence of this subslbance in § preponant

wvonen with a gradual onsot of weised Dlood proseuve, Thoiw ‘
results, howvever, were not coupered wivh normal progneuncy where
an incrense @ plesme renin eetvivity ond concembration freguently

ocours {see Chapter L,A3 5.A and By Figures 6, 10, end 12),



Presser materlal in blosd frewm pabients vith prewcclompsie was
nlso elaimed by Hunter ond Heward (1061) and Tatum cad Male
(1962) but in neither study was this definitely welated to
renin ov anglotensin acbivity. Haeebashi ond his colleagues
(156%) found imereased plosma venin ectivity im pre-celempsie
as eonpered with normal pregnomney, bud this finding is difficuld
w0 eveluate as the same vorkers Found no diffecremee in yenin
activity between preguont and non-pregnent normal women

{see Chapber &.A). In o prospeciive study, Corden and cow
vorkers (1969) cleimed thet meen plesus renin activity betueen
the 15th and 27+h week of gostation was higher in 10 wvenen who
later developed ﬁq::aemia of pregnancy than in A48 wonon where
prognancy was wnoventful, This differenco, hovever, was nob
gtatigtically sipnificauntd,

Winer, in a brief ahsivact (1905), nenticned % potients
vith toxaemio of pregnancy vhore plesma remin activity weoimeo
highor then in nomel preguamey but mo further deltnils were
given, Similar levels of renin acctivity in noruoitensive aund
hypertengive progucntd women were also reperied im o more recend
ptudy in vhich no coxvelation was found between blood pressuve
end plasame remin acbivity (Schwidi and Rosenthal, 1971).

In comtrast to the forogoing weporis, Helumer end Judson
(1967) weported the meen plasma renin~aetivity in proguomt
vonen with Yelevoted blood pressure™ to be lowver than in noyaal
pregnant women in spite of the use of thiazides in most of the

bypertensive cascSa

218
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PLASMA IMNIN CONCINTRATION.

The diffevence between the measureinent of pleosma reanin
pebivity end plasma vemin cencenitration has been discussed
in Choptor S Fover studied of plasme renin concentration
in hypertensive disesse of pregnancy have heon szopoxied,

in a compavison hotween 52 womoen with hyporteunsive
during tho third trimestor of pregnency aud 60 vouner ob o
comparable stoge of nowvial pregeaney (Browm, Devies, Doalty
Lovor, Robertsen end Trusb, 19653 1966a), no sigonificent
differonce in plasma venin concentration was found in those
with raised blood pressure alono, However, the pleosws ronin
concentrabion was significantly lower in the women with vexy
high blood pressuve plus proteinuria, This lower plasmc renin
conceniration in the move sovere cases of pre~oclanpsia. was
also noted inm 9 Auericon negro women when coupared with the
levels in 7 nomunl pregnent countroly (Ponar, Hroua, Davies,
lengford, Lover and Rohertoon, 1966).

In conbrasby Brown aud his assoclates (1966 found thod
in 7 wvowen in whom hypertengion wes a complication of rhesus
ise~imamigation ox hydetidiform wmole the wmean plesma Tenin
coneeniration was considerably highow ilien the velue for normal

PLROSRaRQY .

PLASMA RENIN-SUSSTRATE CONCENIRATION,

As far as is Imowns only one pdeguate sindy hes been wrepovted
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to date in which plasma renine-subgtrate concentration has been
meaguved in pregont wemen with raised blood preasuve in the
logt trimester (Holmer and Judson, 1967), In 9 such women
the circulating levels of venip-substrate did ned diffor Sxom
these found in normal proeguency, the means being 1872 ng/ml,
and 1736 ng/ul respectively, Thie wos in keeping with an
earlicer finding in one case of hypertension in proguoncy of

o plosmo renin-subaivate level within the moxmal pregnant

range (Gould et al, 1966),

BLOOD ANGIOTINSIN _CONCENTIRATION,

The paper by Masgani and hor colleagues (1967) appears
to be the only report of blood angiobensiun comcentration in
hypextensive pregnent womens In § potients with raised blood
pressure in late pregnaomey they found o mean engiotensin
concentration of 230 nz/1 (S«De i 29}, which was not significantly
different from the mean of 9 nommotensive pregnant comtrols

(200 ng/1, 8.8 T 22),

Diood anpictonsinoses,

Reporte of ‘englotensicase' aetivily in pewiphoewral biosd

in pre~cclempsia bave showa coﬁi’lic-bing vosults, Coupaved

with nowael preguencey at the sane stage of gesdation,
engiotensinese sobivity in pre-celaupsina hes boor repowbed es
taver (Page, 19473 Talledo, 19068), higher {lowdesmen ot al, 1963
Pergor ond Leughans, 1967) or vovisble (Hicklew ob al, 1963).

It is possible that these vaviations reprosent technical

oberrabions op mich s genuwine in vive physicleogicel diffovences,




A,

Vanenlowr wosbonne 90 ps*a.@i@‘&gmm infasione

I6 bhop olvendy boon ohown thot tho prossen rosponoe 4o
snglotonain infusion i weduced dn wemmnl propammey (peo

R

Choptor L.A)e  Roeh ond hic csseclates {30%6) fouwnd thub
pro~colonptic venos had greatoy pronsor rosponnes vhen
noreotensive proghont wenen and this won subzoasendly
confimacd by obthow vorhoms {Chonloys 1065 Tallode ob ol
16655 Tollodo, Chovloy end Huspom, 1869), the rosponse bo
sngiotenpin dafunion beldng sinilor to newmal nonwpregnont

aubjoetiy

ALBOEERRONG  ENCDUEIOGN 630 SOSRbRI0N,

1080 Venning ousgosted thot an incropsed onermebian

of winereiccorbiosids cuourved da Sounonia of PREEHOIGYT.
Thio oppeaved 4o bo confismed vien $he prosense of o
Ysodimneroboining Lootox? in urine fpow women with pregnondy
tonnenin ves weporbed (Chort, Suploy cud Covdsn, 19535 Vonning
ob ok, 105k)s Howovews althemgh Doraes ond Quillisen {(1056)
donpnstrvated aldestorons exevedion roltos in wonen widh pige
eclanpoio o o groobter than in novael progaond wouen, Shoy
suvpeiodngly Sfousd thob che wpdnory oldosdorenc lovols wove
highor in the niider proe-celempdic poticato rathor Shon dn the
eevorer Lol

B oonteass o tho covlicr wopovis, Mordin aad Hille
{1996) aid not show eny inorcase in oldosiowenc cscvoblen i

prowoolonpein eonpaved with neyuotongive pregnooy ond sevorel
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other workers subsequently found urinery aldostorone valuos
%o bo lover in tho pre-cclemptie potients (Koemovel of aly
19573 Rinslew and Righy, 19573 Vemming et ol, 19473 Kumew
et aly 1959).

Aldomtenone seeretion rates wore meesuved in 2 wemen
with toxacnia of prognaney by vam de Weile o3 ol (2960), and,
in epite of a low calt diob, both ehoved lover values (320 end
710 ug/day) thaen 4 normal pregnand women on unvestrictod diects
(2020 - 2250 wg/day)e Thomes cnd Flyaa (196%) alse fownd lowvew
aldogterone secretion rates in 9 women with pre-celanpsie,
although the wean values (mild PET 252 wg/doy, sovere PET
257 up/day) vewve neob significantly differecnt from normotensive
pregnancy (352 us/day).

Both oi those veporbs were confivmed by onothew study
(Votouohe, Meokew, Gray, Sims ond Soleuon, 1963) which showved
aldogterone scerotion rates in % women with sovere pre-celompoic

o be 100, 160 and G40 we/dey in contrast to o previously

reporbed noruel veuge fow the some pevied of gestation of 550
to 2040 ug/day {iafatémab@ ob aly 196%5).  Six wemen with mild
pre~solompsis had values within the nexmetensive pregnant Tonge,
viiile bve hed sccrotion rates of 330 and %80 ws/day. A1l the
women jun thin stady were btoking o fixed sodiuwa inteke of 2G/aay.
In genoval, then, aldosbterone secvelion appeors to be lower
in women with hyportousive discase of pregusuey couwpaved to
novaal preguant wemen, the earlicy repords of higher urinagxy
exevetion mogt likely being due be the imadegmats technigues

then availablo.




PLASMA ALDOSTEROND CONCINTRATION.

Apart from ono very high level in eclompsia menbioned in
o brief peper by Stark (1667), as fox as is known, therc has
becn no other report te date of changes im plasmwa aldosterone

coneentration in women with raised blood pressuve in pregnancy.

QIR MINIRALOCORTICOIDS,

In viéw of the reised plasun concentrations of 17-hydroxy-
corbiconloreids in noxmel pregucney (see Chepler 4.B) o numbor
of workers heve studied women with pre-cclampsie to determine
if this condition might be assoeiabed wit}a even higher levels
of these hozmones, especially of uabound cortisocl., Howewver,
apart from me report (Wabtamube, 1061) nono of those studies
has chownl gweater plasue conconbrabions of total 17~hydronycoriicom
gboroids in hypertcensive pregnomt wemen (Assali, Garst and Veskion,
19553 lMartin and Mills, 19983 Meyer, 1965; UFricditan cad Deowd,
19665 Groves and Agersbors, 190603 Kopeluow end Lovitz, 1970)
and one showed lowesr eoncenbrations (Thomas and Fiynn, 196L),
compared with normal preguency.

Reduced coxtisol binﬂiw@ was clained by de Moow ot el
{1966) and this appeeved to confirm the report by Moyer (1965)
who hed found less covtisel Dinding and greater "froe® anbound
cortigel in 15 pre~celuaupiic women coumpeved with 3 nowuel progpendt

women in e lagd brimestewvs Two othey studies, howevew, cshowad
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ao differonce batween nessobonsive end hypesdenolve prognoncion
{(Thones ond Mywn, 106k Hopeluen ond Lovitss 1970}

Tobien (2049} found groater urlaary lovels of
fovasidohydogonie coxticosbevoids (hese include moiobolites
of deovyeorticoaterome) i.t:z‘ wowen with norked codomo and widh
hypertengion $a progomey has in nozwel pregosnt ovbjoctos
Venning, Sinpow end Stmpoon {105%) confimmed dhis in mildow
Sowvws of progeousy toxpenio bud dn sovero pro-coliunpain they

’,

found lover wluoss  Aovnd

» c1xy

vorud {1058) eleiued no difderence
in depnyeowbicostorone guorobion bobvoeen nomobenaive and
hyportengive progooad woneng had oussinotion of hiso doin shous
lovor vepinowy lovels of thig Domwone in the hyporbtonoive grevps
Az Sowr oo d u E&ﬂ_&’a’ﬂg‘ ue keaswrencats of plecan deozyoorticosiorone

have been made in women with hypowrtensive disoace of progroncy.

CHMINE,

fpont from plesue poniwsactdvitys whichk hne preduced
confiisting vesudits, Sov meosvrenonts of the plasmn

conoentrations of mouin, venin swsbroto and snglotonnin IR

hove boon wepowboed in women with hypertonsive disccse of

PTOENONEY, I pavdicunlaw, thove is o deerdth ¢f infowmmabion

chond plocun cldonderene ceneentvation in this condition, Alsog

4

vhope theso diffevont cemponewds hove been osdimatud in
* TR . - gy gywiy el s - v o) . | P, I N “
hypowbonsive progamnt womoan, esmporison with a condeol group

A

of nosmotensive vwegpond wonen Bas nobt olwvays boon satisfediony.
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Thevefore, hoving cobtablilshed, ot least in port, the
phyaiologicel chonges which take place in the reain-ougiobonsine
aldesterone systen diming nomual pregrancy (sce éhag»‘te?éz 5 ond 6),
the next atep was o czamine the possible pa‘tholog;iéal role of

the sysbem in hyperionsive disease ¢f prognancys




186G,

A STURY  @F PLASMA  INMIN, RININ.SUDSTRATE, ANGROPINGEN &%

et

ANB ALDOSUERONE  CONOCINTRADIONG,; AND  POGBIRDE  RELATED
BAGTORE, AW ERERIEENSIVG Disnasn | OF  PREHSicy.

i

CLANICAL, HERHODE

L.

Yoy the purposcs of this study, hypovbonsive digcose of
progamey ves defined as o Pize of blood preocure do RABSGO
oF over on b leasd B sepavate ccenglious after thy 358 wook
of gostotion v o doss it % oge bloed pressuve hod beon conplobonbly
losn than this bofoxo the 8%Eh woeok of srosuoosye  Those Hlood
pRossuro neapureuonts vere boken afbor o 50 alaude poricd of
ROCUTBRODROY .

A wmeasuze of tho sevority of hyperdossive discose of
pregaoncy won tho dovelopmend of significont slbusinurxia in the
legt tpiunestor in the chaoneo of upinavy tract infectlion e
provious history of rounel tvaed Qiscase, Sipnificond albusinuvic
was defined as o concontiadion of olbumin in cho uvelnoe of ab leosd
1,0z/1d¢ve vhen mensured by ¥obach's olbusinoncter or of ob loasd
BySaflitee vhen wossured by o turbldenotvic aothod,

Porlly end ¢he proscree o ahsonee of oclews wore rot incindoed

& bobal of 81 womon wmed the wegulvounsuds of Shis dofinibion

of hypowbonsive disease of propneney with albuninuplias  Ohuototele




and eliniend deobails were ag followgse

127,

o Albumin
Case dge | Pavity |Gests | BB, Sedenn e/
3B %5 50 53 | 208/110 b 0453
e | 29 o*® %5 | 184/116 0 1,5
Mo | 23 g0 52 |a64/120 o 840
Cula | 20 o*® 3% | 156/100 ¥ 043
TeGe | 17 g*? 5% |170/130 4 840
Sl %3 50 ee  |120/120 + 640
Calls | 19 o*® 57 |a70/160 t 240
Se | 20 170 %2 |150/106 " 6.0
TS | 28 2*0 o8 |378/on -+ 1.2
Adte | 33 o9 o8 |i58/110 + 2.0
Ad, | %5 *o 50 |169/110 9 2.0
J.8. |29 g 5% {199/120 - Dol
S8, |26 o*® 57 |wefos + 1.0
JeCe |28 g*? % |1a0/95 + 0.5
Ha. |20 g0 58 |180/110 -t 0. 55
Mode |25 3t 5% |17e/110 + 147
T, |26 ™Y 5 |k0/100 B 1.8
AicI, |27 o0 52 [15o/e0 2k 0435
MM, |%7 ¢® 55 [190/156 ot 0,9
SBe |25 o0 %2 [150/110 0 0,58
mF |86 g0 59 [160/90 " 04753

ALY veve iuwpaticnts ab the tine of hlood saupling, being

trooted by bed-vest with or without sayiel sedetion. None were




receliving hypotensive drugs oy divreties, Al wewve taling on
wnresteicted dict, Blood samples were ftalen bebtiveen 8.%0 mmd
0e50 came afbor at least 30 minutes recuubency,

Frem the wemen with normal bBleod pressure in preguancey
vie hove been descwribed in Chapior S.0, cuses weve tolien
rotwospectively to mebtel os vear os possible the womzen in the
hyporteapive groupe As it was net bechmically possibic o
wolie all the estimations uwader study in each wowen, numbers
were found 4o bBe too cmnll fov a comparvisen of 2 complete
sroups where all the csbimobions hed been perfowned in evory
casce Thevelfore, a matched combrol group was selected fow
eech substance invesbigated, the main aiw being to have as
close motehing es possible for age, purliy and time of gestation.
Closencas of matching was tosved by dhe paived d~test and in wo
ingtoneo wap the differense bhelbwecn the 2 groups of a sbotistical
significence lcss than the 5% lovel, To proveni bias, the
resulds of the estimebione under pbudy were uot fmouwn ab the
time of mobching,

Coumparison betvecn the 2 groups fovr caeh subgiouce neasured
was by the paived t-best and the Wilcoxen test fow paiw
dificroncese An ebiewpt was also mede be see whoither he

correlations found in normnal pregooncy wewve alse prescad jio

hypertensive disecase of pregueney and whether any other significaat

correlations vere present in this comdibicn,




LABORATORY AWD STATIGRICAYL, MUTHODS,

These bove been described in Cheptor 3.

These are illustrated and described for each subsioucs
op group of subsbances separabely, snd ave followed by an
snalysis of the stabisbical ecorvelations botween subslbonees

whieh hove beon meesuved concurrently,

Flasna rendy concentrabione

The individual vesulis fox coch mwavehed pair of vomen nve
ghown ia Table 18, with daba of age, parity ond sostation,
Moans and standerd deviations of boilh groups cve illustroted in
Figupe 49,

Staticbieal comparvisen of the resulbs frem the 20 matched

PRLES Was a9 Followste

Gonparison Paired t~test " -
Age 0,080 > Bl
Gestation 14997 > 0,085

Rewnin . w54 155 < 9,08

LEV e
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RENIN CONCENTRATION
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Plasme renin concentration was sigaificontly lower im
the women with hyveriensive diseasc of pregnomncy than in the
mevehed conbrol g;;?g_m{;; of noxiotensive pregaant women, both by
the paived bwuﬂ?;l {{aﬁ?fd%@? aud the Wilcoxon best for puly

differences {p-¢ 8,013,  However, all but & of the resulis

weye above the no ponspregnont Penges ,

Plogmg zenin-substiate: concentrabion,

The individual | vegults ﬁur each ma_i;chéd peir of wonen are
ghowa in Teble 19, with dote of age, povity and gestobien,
Meens ond stondard dovictions of boih groups ave iliuvstrated in
Piguve 50,

Statigtical comparison of the resulls frem 18 mabched pairve

vos a8 Follows e

Comparigon ' Poizxed t-~boab ;’:‘x‘agm‘gicame
Age 1.257 . > 0,1
Gestation e Deldf o > Dl
Renin-Subsbrabe w56 L 0,02

A gignificensly lover plosma wenin subgtrave eoncentration

was fouad dn the hypertonsive compaved to the normotensive

pregast women, hoth by the peived t-test obeve ond by the

Wilcoxen bogt fox pair differences (p < Gull)e In all oxeopd

2 yomen, however, the plosug substrate levels were shbove those

for normal 