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Summary

Simultaneous plasma renin activity and aldosterone levels were
measured in the chronically catheterized fetal lamb and pregnant
ewe between 100 days gestation and term (140 to 150 days).
Amniotic fluid renin levels were not statistically different after the
addition of sheep renin substrate [0.76 * 0.18 ng/mil/hr (mean and
S.E.) under 120 days and 1.33 + 0.29 after 125 days|. Amniotic
fluid renin levels were unmeasurable without the addition of renin
substrate. Basal plasma renin activity levels increased from 4.27
+ 0.66 ng/ml/hr (P < 0.01) (mean and S.E.) between 95 to 120
days of gestation in the fetal lamb to 10.14 % 1.46 between 125 to
150 days; these levels were greater than the amniotic fluid levels
(P < 0.001). Basal plasma renin activity levels in the pregnant ewe
increased from 2.61 + 0.40 ng/ml/hr under 120 days of gestation
to 7.13 + 1.41 (P < 0.01) after 125 days; these levels were greater
than the simultaneous amniotic fluid levels (P < 0.001).

The basal amniotic fluid, fetal, and maternal aldosterone levels
of 5.0  0.53, 3.45 * 0.53, and 5.83 = 0.76 ng/dl (mean and S.E.)
increased to 8.97 + 0.86, 6.67 + 1.21, and 12.28 * 2.87 ng/dl,
respectively, ( P < 0.05). Neither the fetal nor the maternal levels
were statistically different from the amniotic fluid aldosterone
levels during development.

These data suggest that active renin and renin substrate pass
poorly into the amniotic fluid; however, aldosterone from both the
fetus and mother pass easily and contribute to the level of this
steroid in amniotic fluid.

Speculation

Amniotic fluid renin activity is unmeasurable without the addi-
tion of renin substrate for generation of angiotensin I; aldosterone
levels are similar to and probably contributed by the mother and
fetus. It is unlikely that the amniotic renin-angiotensin-aldosterone
system has a local physiologic function.

Although basal plasma aldosterone concentrations in the fetal
lamb are lower than those in the pregnant ewe, both increase
similarly throughout gestation (11). Pasqualini et al. (10), Bayard
et al. (2), and Siegel et al. (13), have documented the placental
transfer of aldosterone in the guinea pig, human, and sheep,
respectively. In the chronically catheterized sheep preparation,
fetal adrenal aldosterone secretion cannot be stimulated by ACTH
(21), K* (20), or furosemide (11); and a high pressor dose of
angiotensin II causes only a small increase in aldosterone levels
(12). This suggests that the fetus is probably not independently
capable of stimulating adrenal aldosterone secretion under phys-
iologic conditions and aldosterone concentrations are partly main-
tained by the mother.

Plasma renin activity (PRA) levels are higher in the fetal lamb
(11) than in the pregnant ewe, and the fetus is independently
capable of producing renin in response to stimulation by furose-
mide (11), by blood volume reduction (18), and by aortic constric-

tion (18). Most of the renin in human amniotic fluid is inactive
(9). 1t is unlikely that renin (19) or angiotensin II (3) cross the
placenta.

The purpose of this study was: (1) to determine whether or not
active renin and aldosterone are present in the amniotic fluid
during development in the sheep, and (2) to compare amniotic
levels with those of the fetus and pregnant ewe.

MATERIALS AND METHODS

Chronically catheterized fetal lamb preparations between 100
days gestation and term (140 to 150 days) were studied. Pregnant
ewes were obtained from a local source and maintained in the
vivarium before surgery. Rompun (0.1 to 0.2 ml), a tranquilizer,
was administered to the ewe before uterotomy and fetal catheter-
ization; epidural anesthesia (5 ml of 2% xylocaine) was used for
the surgical procedure. The uterus was exposed through a small
midline abdominal incision and the head delivered through a
small hysterotomy. Carotid arterial, jugular venous, and amniotic
polyvinyl catheters were placed. The fetus was returned to the
uterine cavity and the uterine incision closed. The catheters were
brought out through skin tunnels in the lateral abdominal wall
and secured in a pouch attached to the back of the ewe. The
animals were maintained on ampicillin for 5 days postoperatively
and then studied.

Plasma samples from 10 fetal lambs and pregnant ewes, and
amniotic fluid samples were simultaneously obtained for renin
and aldosterone during the 3rd trimester (100 to 150 days gesta-
tion) in the sheep.

For measurement of PRA, the blood samples were collected in
KEDTA (150 pg/ml) whole blood at room temperature. To 1.0
ml of plasma 10 pl of 6.6 gm% 8-OH quinoline, 10 pl of 10 g/100
ml B mercaptoethanol and 10 pl of 3 g/100 ml O-phenanthroline
were added to inhibit converting enzyme and angiotensinase.
Twenty-five pl of 4.0 M Tris-phosphate-Tris maleate buffer pH
6.2 was added to reach a pH of 6.5 for maximal generation of .
angiotensin I in sheep blood. The blood was divided into two
equal aliquots; one aliquot for a blank (frozen) and the other
aliquot for generation of angiotensin I at 37°C for 1 hr. PRA was
measured by radioimmunoassay (7). Aldosterone, after column
chromatography, was measured by radioimmunoassay (8). The
coefficient of intraassay variation was 8% and interassay variation
10%.

Statistics were measured by Student’s  test.

RESULTS

Figure | shows the amniotic fluid and fetal and maternal plasma
renin levels. Amniotic fluid renin levels after the addition of sheep
renin substrate (15) were 0.76 + 0.18 ng/ml/br (mean and S.E.)
under 120 days, and 1.33 * 0.29 after 125 days (not statistically
different). Plasma renin levels were unmeasurable without the
addition of renin substrate. Basal PRA levels increased from 4.27
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Fig. 1. Basal renin concentrations during development in the amniotic
fluid, fetal lamb, and pregnant ewe.
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Fig. 2. Basal aldosterone levels during development in the amniotic
fluid, fetal lamb, and pregnant ewe.

+ 0.66 ng/ml/hr (P < 0.01) (mean and S.E.) between 95 to 120
days of gestation in the fetal lamb to 10.14 = 1.46 between 125 to
150 days. These levels were greater than the amniotic fluid levels
(P < 0.001). Basal PRA levels in the pregnant ewe increased from
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2.61 = 0.40 ng/ml/hr under 120 days of gestation to 7.13 + 1.41
(P < 0.01) after 125 days. These levels were greater than the
simultaneous amniotic fluid levels (P < 0.001).

Figure 2 shows the ammniotic fluid and fetal and maternal
aldosterone levels. The basal amniotic, fetal, and maternal aldos-
terone levels of 5.0 = 0.53, 3.45 + 0.53, and 5.83 %= 0.76 ng/dl
(mean and S.E.) increased to 8.97 + 0.86, 6.67 £ 1.21, and 12.28
+ 2.87 ng/dl, respectively (P < 0.05). However, neither the fetal
nor the maternal levels were statistically different from the am-
niotic fluid aldosterone levels during development.

DISCUSSION

The amniotic fluid levels of renin and aldosterone were mea-
sured during development in the sheep to determine its relation-
ship to the fetal and maternal plasma levels. Endogenous renin
activity was unmeasurable and required the addition of renin
substrate to generate angiotensin from the low amniotic fluid
renin levels shown in Figure 1. The levels were statistically similar
under 120 and over 125 days gestation. The fetal and maternal
endogenous PRA levels increased after 125 days (P < 0.01), and
were greater than the simultaneous amniotic fluid levels, (P <
0.001). Skinner et al. (14) showed that endogenous renin activity,
0.8 ng/mi/hr, was lower in the human liquor amnii than in the
maternal plasma.

It was shown by Bangham (1) that *'I-labeled serum proteins
administered to pregnant rhesus monkeys rapidly appeared in the
amniotic fluid. This finding raises the possibility of a similar
transfer of active renin from human maternal plasma or fetal
plasma to liquor. Another possibility is that the active renin in
amniotic fluid originates at least partly from the cells of the
placenta or decidua. Studies based on the extraction of fetal
membranes and placental tissue (16) showed that human chorion
contained the highest concentrations of renin outside of the kid-
ney. However, the methodology used to measure renin involved
acid activation (16), and most of the renin in amniotic fluid
requires acid activation (9). Other studies have shown that ap-
proximately half the renin synthesized from chorion is acid acti-
vated and half is biologically active (4). Cultures of placental
tissue have not proven a placental source of renin, and the cellular
site of synthesis in the chorion remains uncertain. There appears
to be evidence in nephrectomized animals that renin can be
released into the systemic circulation (6), particularly after the
reduction of uterine blood flow. However, it is not clear whether
the myometrium, placenta, or fetus provide the major contributory
source of renin under these circumstances.

Renin substrate (angiotensinogen) is a protein that is synthe-
sized by the liver and hydrolyzed by renin to produce angiotensin
I (17). Since renin substrate concentration limits the rate of renin
reaction in human plasma (5, 15), it seems likely that entry of the
large protein substrate into liquor is the rate-limiting step in local
generation of angiotensin I (PRA).

Amniotic, fetal, and maternal aldosterone concentrations in-
creased after 125 days gestation (P < 0.05). Neither the fetal nor
the maternal aldosterone concentrations were statistically different
than the simultaneous amniotic concentrations. Siegel et al. (13)
has shown that aldosterone can cross the sheep placenta and
passes slowly from fetus into amniotic fluid. In the chronically
catheterized sheep preparation, fetal adrenal aldosterone secretion
cannot be stimulated by ACTH (21), K* (20), or furosemide (11);
and a high pressor dose of angiotensin II causes only a smail
increase in aldosterone levels (12). Aldosterone concentrations are
partly maintained by maternal levels prior to term (10, 11, 22).
Therefore, amniotic aldosterone concentrations are probably con-
tributed both by the fetus and pregnant ewe.

In conclusion, these data suggest that active renin and renin
substrate pass poorly into the amniotic fluid; and aldosterone
passes well during development in the fetal sheep. It is unlikely
that the renin-angiotensin-aldosterone system in amniotic fluid
has a physiologic function.
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