Journal of Steroid Biochemistry. Vol. 10, pp. 541 to 547
Pergamon Press Lid 1979. Printed in Great Britain

PLACENTAL TRANSFER OF ALDOSTERONE
IN THE GUINEA-PIG DURING LATE PREGNANCY

J. GIrY and P. DELOST
Laboratoire de Physiologie Animale et ERA CNRS d’Endocrinologie du Développement,
Université de Clermont-Ferrand. Ensemble Scientifique des Cézeaux. B.P. 45,
63170 Aubiére. France

(Received 6 March 1978)

SUMMARY

The rates of foeto-maternal exchange and metabolism of aldosterone were calculated from experiments
in which the labeled hormone was infused at a constant rate into the maternal and foetal circulations
of the guinea-pig during the last few days of intrauterine life. It was found that p-[1.2.6,7-*H]-aldoster-
one crossed the placenta from the mother to the foetus and in the reverse direction. The maternal
to foetal. as well as the foetal to maternal ratios of the tracer. increased between 60 and 67 days
of gestation. The maternal contribution to the concentration of aldosterone in the plasma of the foetus
was of 23.8°, at 64 days and 35.7°, at 67 days. At least 60°, of the aldosterone in the foetal plasma
was of foetal origin. The foetus contributed very little to the concentration of aldosterone in the

plasma of the mother.

INTRODUCTION

From previous studies [1] it has been shown that the
concentration of aldosterone in the plasma of the
near-term pregnant guinea-pig was always higher
than that of the foetus. The ratio of maternal to foetal
plasma ranged from 9 at 62 days to 3 at 64 days
and to 1.6 at 67 days of gestation. On the other hand.
the concentration of aldosterone in the plasma of the
foetus increased in parallel with the adrenal aldoster-
one content between 62 and 67 days of gestation, so
that aldosterone in the plasma of the foetus might
only originate from the foetus. Therefore it was of
interest to know what portion of plasma aldosterone
in the foetal compartment was derived from the
maternal side and also what portion of the foetal
plasma aldosterone was transferred to the maternal
compartment. The purpose of this article is to present
results obtained from experiments in which labeled
aldosterone was infused at a constant rate into the
foetal and maternal circulations of the guinea-pig.
The rates of foeto-maternal exchange and metabolism
of aldosterone can be estimated from the concen-
tration of the labeled compound in blood at the iso-
topic steady state during infusion of the tracer.

MATERIALS AND METHODS

Animals. Pregnant guinea-pigs (Dunkin-Hartley
strain) were used in all experiments. The adult females
(700-800 g) were caged with the males for 24 h during
oestrus when vaginal opening occurred. The date of
conception was established with an error of +12h
and duration of pregnancy of the studied strain was

68 days. The guinea pigs were given tap water ad
libitum, and fed a complete cereal (“Aliment complet
U.AR."). The food intake was 40.5 + 2.3 (S.E.M.)
g/day which corresponds to 12 mEq potassium and
6 mEq sodium daily.

In a first experiment seven pregnant guinea-pigs (60
days of gestation) and their foetuses (removed by Cae-
sarean section) were killed by decapitation. The blood
taken from the neck was centrifuged and the plasma
and adrenals were frozen at —20°C. The concen-
trations of aldosterone in the plasma and the adrenal
glands were determined by radioimmunoassay. as
previously described {1].

In a second experiment. three groups of pregnant
guinea-pigs: 60 days (8), 64 days (6), 67 days (6) were
anesthetized with sodium pentobarbital, injected in-
traperitoneally, (35 mg/kg body weight) and atropin
(0.25 mg/kg body weight). Catheters were placed into
the maternal left common carotid artery and the right
external jugular vein. Chromatographically purified
1-[1,2.6.7-H]-aldosterone was infused at a constant
rate via the jugular vein.

In a third experiment, three groups of pregnant .
guinea-pigs: 60 days (5). 64 days (5). 67 days (7) were
anesthetized as previously described. A catheter was
placed into the maternal left common carotid artery.
One uterine horn was exposed through a midline in-
cision and a foetus was then located by palpation.
The fore-limbs of the foetus were brought through
a small incision in the uterus and membranes, with
preservation of the amniotic fluid. The umbilical cord
was intact and as far as possible exposed surfaces
were covered with wet and warm cotton wool and
plastic sheeting. Catheters were inserted into the right
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common carotid artery and the left external jugular
vein. Chromatographically purified p-[1.2.6.7-*H]-
aldosterone was infused at a constant rate via the
jugular vein of the foetus.

Preparation of the infusate. p-[1.2,6,7-*H]-aldoster-
one (80-105 Ci/mmol) was obtained from New Eng-
land Nuclear. Radiochemical purity was established
by paper chromatography using the solvent systems:
(a) chloroform—formamide; (b) isooctane-butanol ter-
water (2:1:1, by vol) and after oxidation with perio-
date by thin layer chromatography using a benzene-
acetone (3:1. V/V) solvent system. According to the
above criteria the radiochemical purity of the steroid
was verified by adding 15 ug carrier aldosterone to a
small portion of the radioactive steroid and separ-
ation by paper chromatography using the Bush BS
system as the developing solvent. In every case the
radioactivity migrated with the standard and when
scanned by a Packard Radiochromatogram Scanner
appeared as a single peak. The tracer steroid was dis-
solved in a 5%, glucose solution in a concentration
that was equivalent to 10 x 10°d.p.m./ml.

Infusion procedures. The solutions to be infused into
the mother (second experiment) and into the foetus
(third experiment) were placed into 5-ml syringes
mounted on a constant infusion pump (B-Braun Mel-
sungen) set to deliver 0.62 ml/h into the mother and
0.25ml/h into the foetus. In the second experiment,
four blood samples (0.3 ml each) were drawn in
heparinized syringes from the carotid artery of the
mother at 10 min intervals, beginning 90 min after the
start of the experiment. In the third experiment four
blood sampies were drawn in heparinized syringes
from the carotid artery of the foetus (0.1 ml each) at
10 min intervals, beginning 85 min after the start of
the infusion and four blood samples were drawn from
the carotid artery of the mother (0.5ml each) in
heparinized syringes at 10 min intervals, beginning
90 min after the start of the experiment. The rates
of p-[1.2,6.7-*H]-aldosterone infusions were deter-
mined by collecting three 10 min effluxes from the
constant infusion pump.

Analysis of plasma labeled  aldosterone. In the
second experiment we managed to insert catheters
into the carotid artery of one of the foetuses at every
stage (60, 64 and 57 days of gestation) and collect
blood samples (0.1 ml each) at 10 min intervals, begin-
ning 85 min after the start of the experiment, but the
amount of labeled aldosterone in every 0.1 ml sample
was so low that it was impossible to take it into
account. We therefore removed the foetuses by Cae-
sarean section at the end of the tracer infusion experi-
ment, killed them by decapitation, collected blood
from the neck and determined the labeled aldosterone
in the whole plasma. In the third experiment labeled
aldosterone was analysed in every sample drawn from
the foetus and from the mother.

After centrifugation and plasma separation, the
maternal and foetal samples were frozen at —25°C
until analyzed. After the addition of 15 ug of non-
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radioactive aldosterone (11f8. 2l-dihydroxy-6-preg-
nene-3,20-dione-18-al. Sigma Chemical Company)
and 1.0ml of water. the diluted plasmas were
extracted three times with 5mi of dichloromethanc
at 0 C. The dichloromethane extracts were combined.
concentrated under nitrogen and chromatographed
on paper using the Bush B5 solvent system. Each
sample was eluted with methanol, concentrated under
nitrogen and counted in a Packard Scintillation ana-
lyser for 30 min. Statistical analysis of the data was
performed utilizing Students’ 1-test.

Parameters of metabolism and foetoplacental transfer
of aldosterone. The various parameters in Table 4
were calculated by the formulas given by Gurpide[2]
and are defined as follows: (1) Metabolic clearance
rate (MCR), defined as the ratio of infusion
(d.p.m./min) and the concentration of aldosterone
radioactivity in the circulation into which it was in-
fused, MCRm for the mother and MCRf for the
foetus. (2) Blood production rates (BPRm for the
mother and BPRf for the foetus), defined as the
product of the MCR and the endogenous concen-
tration of the hormone in that compartment. (3) Qm
and Qf defined as the mean aldosterone secretion
rates of the maternal and foetal adrenals. (4) Vfm and
Vmf defined as the rates at which aldosterone is trans-
ferred from the mother to the foetus and in the
reverse direction. (5) Vf defined as the rate by which
aldosterone is irreversibly removed from the foetal
circulation before appearing in the maternal circula-
tion and Vm applies to all processes by which aldo-
sterone leaves the circulation of the mother before
appearing in the foetus. (6) AFM defined as the
fraction of the total aldosterone in the plasma of
the mother which is derived from the foetal adrenals
‘and AMF defined as the corresponding fraction of
the total aldosterone in the plasma of the foetus
which is derived from the adrenal glands of the
mother.

The concentrations of aldosterone in the plasma
of the mothers and the foetuses were determined in
animals different from those infused with labelled
aldosterone. Concentrations of aldosterone in the
plasma of the 64 and 67 day mothers and foetuses
were taken from our previous study [1]. except for
60-day mothers and foetuses.

RESULTS

Concentration of aldosterone in the maternal plasmu
and concentration of aldosterone in the foetal plasimu
and adrenal glands ar 60 days of gestation

The maternal plasma aldosterone level at 60 days
was high when compared to that of the 64-day
mothers but was similar to that of the 67-day mothers
(Table 4). Aldosterone could not be detected in the
plasma of the 64 and 67 day mothers and foetuses
were taken from our previous study[1], except for
62-day foetuses (Table 1).



Placental transfer of aldosterone

Parameters of metabolism of aldosterone in the preg-
nant guinea-pig and the foetus at the end of gestation

As can be seen in Table 4 various parameters could
not be determined in the 60-day mothers and foetuses
since the concentration of aldosterone in the foetal
compartment was not detectable at this stage.

Metabolic clearance rates (MCRm, MCRf). The
MCRm and MCRf values (liters/day) rose gradually
from 60 up to 67 days (Table 4). The MCRm value
(liters/day) was significantly greater for the 67-day
mothers than for the 60-day mothers (0.01 < P <
0.02). as was the MCRf value (liters/day) at 67 days
compared to that of the 60 days. When expressed
as liters/day/100 g body weight there were no signifi-
cant changes.

Blood production rates (BPRm: BPRf). It can be
seen from Table 4 that the BPRm (ug/day) was the
same at 60 and 67 days. The BPRf value was signifi-
cantly higher at 67 than at 64 days (P < 0.001).

Aldosterone secretion rates of the adrenals (Qm., Qf).
The Qm and Qf values rose from 64 to 67 days. The
difference between the Qm values at 64 and 67 days
as well as the difference between the Qf values at
64 and 67 days was statistically significant
(P < 0.001).
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Irreversibly removal rates (Vm, V(). The Vm and
Vf values rose from 64 to 67 days. The Vm values
as well as the VI values were significantly higher at
67 than at 64 days (P < 0.001).

Placental transfer of aldosterone

As can be seen from Tables 2, 3 and 4 there was
a passage of »-[1.2,6,7-’H]-aldosterone from the
mother to the foetus and in the reverse direction. The
foetal plasma level of the tracer expressed as percent-
age of the maternal value rose gradually from 60 to
67 days (Table 2). The difference between the 60- and
67-day values was statistically significant, as was that
between the 64- and 67-day values (P < 0.001). The
maternal plasma level of the labelled hormone
expressed as percentage of the foetal value increased
from 60 to 67 days (Table 3). The difference between
the 60- and 67-day values was statistically significant
(P < 0.001) as well as that between the 64- and 67-day
values (0.001 < P < 0.01).

Table 4 shows that while the total aldosterone in
the plasma of the mother derived from the foetal
adrenals increased significantly from 6.5 to 19.4°,
between 64 and 67 days (P < 0.001), the total aldo-
sterone in the plasma of the foetus derived from the
maternal adrenals did not change.

Table 1. Concentration of aldosterone in the plasma of the mother and concentration of aldosterone in the plasma
and adrenal glands of the foetus in the guinea-pig at 60 days of gestation

Maternal ~ Maternal plasma Foetal Foetal plasma Foetal adrenal
Pregnant  haematocrit aldosterone haematocrit  aldosterone aldosterone
guinea-pig “y) (pg/ml) Foetuses ) (pg/ml) (ng/100 mg adrenal gland)
F1 [15 - N.D.
115 41 446.7 F2 115 — N.D.
F3 115 50 — —
F1 146 51 N.D 1.0
146 41 381.0 F2 146 51 N.D. N.D.
F3 146 50 N.D. —
F4 146 50 N.D 33
F1 440 55 N.D N.D.
F2 440 51 N.D 1.4
440 30 7050 F3 440 52 N.D. N.D.
F4 440 50 N.D. 23
F1 1264 53 N.D 1.2
1264 40 539.0 F2 1264 52 N.D 17
"F3 1264 51 N.D 1.3
F1 1281 50 N.D. 6.4*
1281 42 480.4 F2 1281 — N.D. 11.4*
F3 1281 — N.D. 9.6*
F1 1287 53 N.D N.D.
1287 40 3350 F2 1287 53 N.D 0.8
F3 1287 50 N.D 0.4
F1 1291 — N.D. 23
1291 35 581.7 F2 1291 — N.D. 2.0
F3 1291 — N.D. 23
Mean +
S.EM 384 + 1.6 4955 + 475 514 + 04 1.3 +£03

Foetal adrenal aldosterone (1g/100 mg adrenal gland) in the 62-day foetuses: 1.2 + 0.3. N.D.: not detectable. Sensitivity
of the radioimmunological method: 10 pg. * These numerals were discarded.
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Table 4. Maternal-foetal dynamics in the guinea-pig at the end of gestation

Gestation (days)

Parameters 60 67 P

PACm 495.5 + 47.5 284.8* + 288 419.3 + 444 *p < 0,001

(pg/ml) n=17 n=17 (n=16) tP < 0.001

PACT N.D. 113.8 + 242 263.5¢ + 540 .

(pg/ml) (n=22) (n = 20) (n =25 P < 0.001

MCRm 256 + 1.6 289 + 0.7 3131 + 1.6 .

(1/24 h) n = 8) (n = 6) (n=6) P <002

MCRf 135 + 0.5 17.4% + 1.1 19.6t + 1.7 *p < 0.02

(124 h) n =5 (n=75 =7 +P < 0.02

MCRm

(1/24 h/100 g %'1 t g_)z Z{i £ 2')6 2& * é'f NS

body weight)

MCRf

(1/24 h/100 g 19 4 (5")2 281 x ‘5")2 20+ ‘71)2 NS.

body weight) n= - (n =

BPRm 122 + 08 8.2* + 0.2 13.14 + 0.7 *P < 001

(ug/24 h) (n = 8) (n=26) (n=6) 1P < 0.01

BPR{ - 20 + 0.1 52t + 02

(ug/24h) =5 n="7 tP < ool

Qm N 75+ 09 114% + 0.3

(ng/24h) (n=11) (n = 13) TP <0001

of _ 1.4+ 0.1 36t + 0.2

(ug/24 h) (n=11) (n=13) TP <0001

Vm B 75+ 0.1 1211 £ 0.2 N

(1g/24 h) (n=11) (n=13) P <0001

VE _ 15+ 0.1 28t +02 +P < 0.001

(ng/24 h) (n=11) (n=13)

Vf _ 0.5 + 0.04 20t + 0.2

(ng/24 h) n=11) (n = 13) TP <0001

Vim B 0.5 + 0.02 28t + 0.1

(1g/24 h) =11 (n = 13) LA
_ 0.065 + 0.01 0.194t + 0.02

AFM = 10 w13 P < 0.001
N 0.238 + 0.08 0.357t + 0.08

AMF e ) = 13 N.S.

PACm: plasma aldosterone concentration in the mother; PACf: plasma concentration in the
foetus. All the other parameters are defined in the text under Materials and Methods. The results
are expressed as mean + S.E.M. N.D. not detectable. * Pvs 60 days: + Pvs 64 days: ¥ Pvs 60

days. N.S. non significant.

DISCUSSION

Aldosterone in the 60 days foetuses

Aldosterone is biosynthetized in the foetal adrenal
glands of various species such as man[3. 4, 5],
sheep [6] and guinea-pig [1.7]. It is to be noted that
although we find aldosterone in the foetal adrenal
gland at 60 days of gestation, the adrenal aldosterone
content is very low when compared to that of the
64-, 66- or 67-day foetuses [1]. The most striking fact
is the lack of aldosterone in the foetal plasma at 60
days of gestation: the maternal aldosterone, at this
stage, crosses the placenta in such an amount (Table 4)
that it is below the sensitivity of the radioimmuno-
logical method used to determine the plasma aldo-
sterone concentration.

Parameters of metabolism of aldosterone in the preg-
nant guinea-piy and the foetus during the lust days of
intrauterine life

The parameters calculated in this study are to have
some physiological significance if we assume that the

biological system under study is in the steady state.
Because of the conditions of our study, it was imposs-
ible to obtain, in the second experiment, more than
a sample of foetal blood. Therefore we cannot prove
that p-[1,2,6.7->*H]-aldosterone had reached a steady
state in the foetal compartment. However, the data
in Table 3 shows that the steady state is reached.
in the foetus and the mother, at the same time when
thefoetusis infused with the tracer. Another assumption
is that the labelled and the endogenous hormone
entering the circulation have an identical metabolic
fate. This assumption seems reasonable in the mater-
nal and foetal circulations since labeled aldosterone
infused into the external jugular vein of the mother
and the foetus is rapidly mixed with endogenous
aldosterone in the right heart.

The metabolic clearance rates MCRm and MCRf
expressed as liters/day increase in parallel from 60
to 67 days. This is in relation with an increase in
body weight since these parameters do not change
when expressed as liters/day/100g body weight
(Table 3). However the MCR (liters/day/100 g body
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weight) in the pregnant guinea-pig is higher than that
of the non-pregnant female [8].

For all other parameters calculated in this study
it should be born in mind that the concentrations
of aldosterone in the maternal and foetal plasma were
determined in animals different from those infused
with labelled aldosterone. However, there is no other
way to determine the concentration of aldosterone
in the mother and in the foetus. the plasma samples
drawn from the mother or from the foetus being too
low to measure aldosterone, even by radioimmuno-
assay.

Placental transfer of aldosterone

Our findings demonstrate that »-[1.2,6,7-*H]-
aldosterone crosses the placenta from the mother to
the foetus and in the reverse direction. Bayard et
al[9] have shown that, in the pregnant woman at
the end of pregnancy, the aldosterone produced by
the maternal compartment is transferred to the foetus.
Such a transfer occurs in the pregnant guinea-pig at
30-40 days of gestation [7], the percentage of radio-
activity transferred to the foetus, at the stage, is very
low. This, together with our results from the 60-day
foetuses indicate that there is a little materno—foetal
transfer of aldosterone in the guinea-pig until 60 days.
At every stage (60, 64 and 67 days of gestation) the
tracer concentration is higher in the compartment in
which it is infused than in the other compartment.
This could be due to a high metabolism of aldo-
sterone by the placenta of the guinea-pig so that the
amount of aldosterone entering the compartment on
the other side is very low. The recent work by Pas-
qualini er al.[107] supports this hypothesis since they
have shown that aldosterone is largely metabolysed
in the different foetal tissues and placenta of the
guinea-pig at 35-45 days of gestation. Furthermore,
the fact that the maternal to foetal ratios are always
higher than the foetal to maternal ratios indicates
that a portion of p-[1,2,6,7-*H]-aldosterone infused
into the mother and entering the foetal circulation
never reaches the right heart since a considerable
amount of the umbilical vein blood coming from the
placenta does not go directly to the inferior vena cava
via the ductus venosus but is subjected to metabolism
by the liver parenchyma. The increase in the foetal
to maternal and the maternal to foetal rafios in the
last few days of pregnancy could be related to the
gquantitative changes observed in the haemomono-
chorial placenta of the guinea-pig during late ges-
tation [11]. The foetus contributes very little to the
total concentration of aldosterone in the plasma of
the mother since only 6.5°, at 64 days and 13.4%;
at 67 days of the hormone in the maternal compart-
ment originate from the foetal adrenals. Although the
maternal contribution to the concentration of aldo-
sterone in the plasma of the foetus is of 23.8%, at
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64 days and 35.7°, at 67 days. at least 60°, of the
aldosterone in the foetal plasma is of foetal origin.
This is good agreement with the study of Bayard and
Boulard[12] who found that. at the end of pregnancy.
the human foetus secretes 80°%, of the aldosterone
measured in the foetal compartment.

The present study has demonstrated that both
mother and foetus secrete aldosterone and therefore
represent two pools with secretion and metabolism
in both. At 60 days of gestation there is a relative
resistance to aldosterone crossover from the maternal
to the foetal side. The placental barrier enables the
foetus to maintain a lower concentration of aldos-’
terone than its mother and thus to insure an indepen-
dant homeostatic regulation of its level.
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