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Summary

Circulating arginine vasopressin (AVP) and plasma renin activ-
ity responses to furosemide (2 mg/kg) and acute hypertonic saline
(10 mEq/kg) were studied in the fetal lamb from 100 days gestation
to term. The baseline to peak plasma AVP response (A3.7 + 1.2
uU/ml) and area under the response curve (209 = 57 uU/ml/
65 min) in the fetal lambs > 123 days were greater than in those
<106 days gestation (Al1.8 + 1.1 and (171 * 61, respectively), P
< 0.02. The plasma renin activity/AVP ratio after furosemide was
similar in the two gestational groups.

The log plasma AVP responses corrected for rise in plasma
osmolality (0.090 £ .01 uU/ml) 30 min after infusion, and the area
under the response curve (253 = 49 uU/ml/30 min) was greater
(P < 0.02) in the fetal lambs > 120 days than in those under 115
days gestation (.035 £ 0.01 and 88 £ 29, respectively), P < 0.02.
These results confirm that the fetal lamb responds to an osmotic
stimulus with increased plasma AVP levels and documents that
this response significantly matures during the last trimester of
gestation. The fetal lamb also manifests a hypothalamus-posterior
pituitary AVP response to furosemide that is proportional to the
maturing renal renin response.

Speculation

There is a significant maturational plasma arginine vasopressin
response to acute hypertonic saline and furosemide in the fetal
lamb during the last trimester of gestation,

Arginine vasopressin (AVP) secretion normally appears to be
regulated by at least two systems of receptors: osmoreceptors and
volume receptors. Earlier studies have shown that the human
newborn is capable of secreting AVP at birth and that both the
osmoreceptor and volume control systems appear to be functional
(2, 5, 8). Similarly, increases in plasma AVP levels have been
produced by both osmolar and volume (hemorrhage or transpla-
cental water shifts) stimuli in the fetal sheep and monkey (1, 4, 10,
19, 25), and earlier studies from our laboratories assessing volume
and osmolar control sensitivity for AVP release in the newborn
lamb have indicated sensitivity of both systems comparable to
that of adult ewes (11). There is little data regarding the maturation
of these responses in utero.

Recently, it has become apparent that the renin-angiotensin
system also may influence AVP release (3, 9, 12-15), and Siegel
et al. (18) have shown that furosemide stimulates AVP secretion
in the newborn lamb and that this effect can be inhibited by an
angiotensin II antagonist (saralasin acetate). There is no infor-
mation regarding maturation of this response in utero. In the
present study, we have examined the influence of gestational age
on the plasma AVP response to an osmolar stimulus (hypertonic
saline) and to furosemide stimulation in the fetal lamb model.
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MATERIALS AND METHODS

Pregnant ewes were obtained from a local source and main-
tained in the vivarium prior to surgery. A uterotomy was per-
formed using sterile technique, and arterial and venous catheters
were placed in a hind leg. The fetus was returned to the uterine
cavity, and the uterine incision was 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. pO; and pH values were normal at the time of
study. Eleven fetal lambs 100 to 142 days of age (term, 145 days)
were studied. Furosemide (2 mg/kg estimated fetal weight) was
infused over 1 to 2 min. Blood samples were drawn at 8, 20, 35,
and 65 min postinfusion.

In a separate study, hypertonic saline (2.5 mEq/ml) was infused
at a dose of 10 mEq/kg over 2 min. Blood samples were drawn at
3,7, 15, and 30 min postinfusion. Blood samples (total, <5% blood
volume) were replaced with an equal amount of isotonic saline.
Plasma AVP (20, 24) was measured by radioimmunoassay after
extraction with bentonite. Plasma renin was measured by radioim-
munoassay after generation of angiotensin I (6). Plasma osmolality
was measured using an Advanced Instruments 3R precision os-
mometer and sodium by flame photometry. Statistics were per-
formed by direct difference ¢ test.

RESULTS

Circulating levels of plasma AVP and osmolality were similar
between 100 to 142 days gestation in the fetal lambs. Figure 1
shows that furosemide administration did not increase plasma
renin activity (PRA) and plasma AVP concentrations in the fetal
lambs <106 days gestation. After 123 days gestation, PRA in-
creased from a baseline of 17.2 + 3.2 (mean = S.E.) to 26.1 £ 5.2
ng/ml/hr (P < 0.01) at 20 min postinfusion. Plasma AVP in-
creased from 1.4 uU/ml to 4.1 £ 1.5 at 65 min (P < 0.05)
postinfusion. The mean change from baseline to peak response in
PRA in animals older than 123 days gestation was Al7.3 + 4.6
ng/ml/hr (P < 0.02); the mean change from baseline to peak in
plasma AVP was A3.7 £ 1.2 uU/ml (P < 0.02). Moreover, these
responses in fetuses after 123 days gestation were significantly
greater (P < 0.05) than those in fetuses under 106 days (Table 1).
In addition, the areas under the response curves for PRA and
plasma AVP (Table 1) were more in fetuses of >123 days (P <
0.05) gestation than in fetuses of <106 days gestation. However,
the PRA/AVP concentration ratios following furosemide (Table
1) were similar at <106 and 123 days gestation. There were no
changes in pCOs, pOs, pH, or hemoglobin during the studies.
There was no significant change in plasma sodium.

Plasma osmolality peaked at 3 min after completion of the acute
saline infusion and started to decline after 7 min but did not
return to baseline by 30 min. The significant increment in osmo-
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lality in the fetal lambs <115 days gestation (A19.1 £+ 6.3 mOsm/
liter) was similar to the also significant increase in fetal lambs
>121 days gestation (A23.5 + 2.3 mOsm/liter). The significant
plasma AVP responses to hypertonic saline at 30 min postinfusion
(432 = 1.3 uU/ml; P < 0.05) in the fetal lambs <115 days
gestation were significantly less than the responses (A10.6 + 2.7,
P < 0.05) in fetal lambs >120 days gestation (Fig. 2).

Table 2 compares the quantitative plasma AVP responses to
hypertonic saline in the early and late fetuses and relates these
responses to the changes in plasma osmolality. The mean baseline
plasma AVP and osmolality were similar in the younger and older
fetal lambs. The 30 min log plasma AVP response corrected for
rise in osmolality was less in the early fetuses (0.035 + 0. uU/ml)
than in the older fetal lambs (0.09 + 0.01; P < 0.02). The plasma
osmolality response expressed as area under the curve was 9317
* 77 and 9435 + 40. The plasma AVP response expressed as area
under the curve was less in the fetal lambs under 115 days
gestation (P < 0.02) than in the older fetuses. There were not
changes in pCO,, pO;, pH, or hemoglobin during the studies.
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Fig. 1. The PRA and plasma AVP response to furosemide (2 mg/kg)
over | to 2 min prior to 0 min time is shown in the fetal lamb. PRA and
AVP concentrations did not increase after <106 days gestation; PRA
increased from a baseline of 17.2 + 3.2 (mean and S.E.) to 26.1 + 5.2 ng/
ml/hr (P < 0.01) at 20 min postinfusion. Plasma AVP increased from 1.4
uU/ml to 4.1 = 1.5 at 65 min (P < 0.05) postinfusion.

Table 1. PRA and plasma AVP responses to furosemide in fetal lambs
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Fig. 2. The plasma AVP response to hypertonic saline (10 mEq/kg)
over 2 min prior to 0 min time is shown in the fetal lamb. Plasma AVP
increased from a baseline of 1.02 + 0.36 (mean and S.E.) to 4.29 + 1.64
uU/ml (P < 0.05) at 30 min postinfusion after <I15 days gestation;
plasma AVP increased from 1.11 £+ 0.24 to 11.73 + 2.99 uU/ml (P < 0.02)
at 30 min postinfusion after >120 days gestation.

Figure 3 shows the PRA responses to acute salt loading in the
two groups of fetuses. The saline infusion did not significantly
alter PRA levels in either group.

DISCUSSION

In the present study, neither PRA nor plasma AVP could be
stimulated by furosemide in fetal lambs under 106 days gestation
(Fig. 1); after 123 days gestation, the PRA and plasma AVP
response to furosemide was significant (P < 0.02). We have
previously shown that furosemide stimulates plasma AVP in the
newborn lamb via the renin-angiotensin system (18). A direct
action of angiotensin II on the hypothalamic system is suggested
by the fact that a cerebral intraventricular injection of angiotensin
II promptly stimulates AVP release (9, 12-14); when saralasin is
simultaneously infused directly into a cerebral ventricle, the AVP
response (o intraventricular renin or angiotensin II is totally
inhibited (3, 12, 15). Both angiotensin (21) and saralasin (7) cross
the blood-brain barrier; and a high enough dose of saralasin given
peripherally will inhibit the central effects of angiotensin II (7).
Conversely, AVP administration has been shown to suppress renin
release (17, 22) from the kidney. Inasmuch as the PRA/AVP
ratios were similar in the younger and older fetal lambs and in the
newborn lambs (18), this suggests that the proportionally aug-
mented mean plasma AVP response with maturation may be
related to the greater PRA response with maturation. Rudolph

PRA (ng/ml/hr)

AVP (uU/ml)

Gestational age Baseline to peak

Baseline to peak

(days) N response Area under curve response Area under curve PRA/AVP®
100-105 5 A50+1.9° 843 + 88 Al8 £ 1.1 171 x 61 6.64 + 238
123-142 6 Al17.3 + 4.6° 2007 + 313 A3.7 + 12° 209 + 57 13.83 + 3.98

' N, number of animals.

* Ratio of areas under curve.
9 Mean + S.E.
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Table 2. Plasma AVP response to acute salt loading as a function of gestational age

Gestational age Baseline pAVP Baseline pOsm

Log AVP 30 min

— log AVP baseline A Osm pAVP (uU/ml/30

(days) N (pU/ml) (mOsm/liter) A Osm min) pOsm* (mOsm/liter/30 min)
101-114 5 1.02 + 0.38° 283 +33 0.035 + 0.01* 88 + 29* 9317 £ 77
121-130 6 1.11 £ 025 282+ 20 0.090 + 0.01* 253 + 49* 9435 + 40

! N, number of animals.
* Areas under response curves.
3 Mean and S.E.
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Fig. 3. The PRA response to NaCl (10 mEq/kg) over 2 min prior to 0
min time in the fetal lamb. The saline infusion did not significantly alter
PRA level in either group.

(16) infused AVP in fetal lambs and found a rise in arterial blood
pressure. Because AVP can be stimulated by the renin-angiotensin
system in the fetal and newborn lamb (18), this suggests that AVP
may play an ancillary role in blood pressure homeostasis.

The present results suggest that there is a progressive maturation
of the hypothalamic-posterior pituitary AVP response to an os-
molar stimulus (Fig. 2; Table 2); PRA does not vary in response
to the osmolar stimulus (Fig. 3). In an earlier report from our
laboratory, we described an exponential relationship between
plasma AVP concentration and plasma osmolality in the adult
ewe such that the log of plasma AVP is a linear function of plasma
Osm (23). Also, in an earlier collaborative study (24), we reported
that a hypertonic saline infusion (5% NaCl solution) resulted in a
similar increase in the log plasma AVP (corrected for the rise in
plasma Osm) in fetal lambs under and over 120 days gestation
(25). This result is in contrast to our present data. However, the
volume of the hypertonic saline in the earlier study varied from 7
to 20 ml/kg, and the duration of infusion ranged from 14 to 31
min with plasma AVP and plasma Osm levels peaking at varying
times. In the present study, a uniform dose (10 mEq/kg) of
hypertonic saline was infused over 2 min, and the plasma Osm
and AVP levels peaked at similar times in all fetuses. Also, the
blood samples were mailed from Iowa to California in the previous
study, which could have contributed to the difference in results.
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