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PRELIMINARY REPORT

Arginine Vasopressin and Oxytocin Responses to Angiotensin II Are Mediated
by AT1 Receptor Subtype in Normal Men

P. Chiodera, R. Volpi, A. Caiazza, N. Giuliani, M.G. Magotti, and V. Coiro

This study was performed to determine whether the stimulatory effect of plasma angiotensin Il (ANG Il} on arginine
vasopressin (AVP) and oxytocin (OT) secretion in humans is mediated by AT1 subtype receptors. For this purpose, the effects of
the AT1 receptor antagonist losartan (50 mg orally) or a placebo on the AVP and OT responses to ANG Il (intravenous infusion
for 60 minutes of successively increasing doses of 4, 8, and 16 ng/kg min; each dose for 20 minutes) administration were
evaluated in seven normal men. In additional experiments, the same subjects were tested with losartan (50 mg orally) alone or
placebo alone. Neither losartan nor placebo given alone modified the basal levels of AVP and OT. ANG II infusion induced
significant increments in both serum AVP and OT levels (mean peaks were 1.55 and 1.41 times higher than baseline,
respectively). Both hormonal responses to ANG Il were completely abolished by pretreatment with losartan. These data

provide evidence of AT1 receptor involvement in mediation of the ANG ll-stimulating effect on AVP and OT secretion.
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IRCULATING ANGIOTENSIN II (ANG 1I) is known to
play a role in regulation of the homeostasis of blood
pressure, cardiovascular function, and fluid and electrolyte
balance.!? These effects are exerted through activation of at
least two specific receptors (ie, AT1 and AT2 subtypes) in
peripheral tissues and in the CNS. Particularly, blood-borne
ANG 1I actions in the CNS include not only a centrally
mediated pressor response, but also the stimulation of water
drinking and hormonal secretions from both the anterior and
posterior pituitary.3
In the present study, we focused on the receptor mechanism
mediating the plasma ANG II-stimulating action on posterior
pituitary hormone secretion. This study was made possible by
the recent availability for administration in humans of the
specific AT1 receptor antagonist losartan.* Therefore, the argi-
nine vasopressin (AVP) and oxytocin (OT) responses to an
intravenous infusion of ANG II were tested in normal men
either in the presence or in the absence of a concomitant
administration of losartan.

MATERIALS AND METHODS

Seven healthy male subjects, aged 29 to 35 years, volunteered for this
study. All subjects were within 10% of their ideal body weight IBW)
(body weight, 68.5 = 6.7; mean body-mass index, 23) and were without
clinical and laboratory evidence of hepatic or renal disease. Each man
was tested with ANG II alone and on a different occasion with ANG II
after treatment with losartan. The two tests were performed in random
order, with an interval of at least 1 week. After the end of the study, two
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additional tests with the administration of losartan or placebo alone
were performed in random order at weekly intervals. All tests followed
the same procedure. At 8:30 aM on the morning of the test, a 19-gauge
cannula was inserted into the left antecubital vein of subjects lying in
the recumbent position, after an overnight fast and rest in bed. The
cannula served for blood sampling. At the same time, in the ANG II and
ANG TI plus losartan tests, a double-lumen indwelling catheter was
inserted into the right antecubital vein and was used for infusion of
ANG I in 5% glucose.

ANG II Test

Two basal blood samples were taken at the time of the insertion of the
cannulae (time —30) and 30 minutes later (time 0). After withdrawal of
the second basal sample (time 0), subjects received a 60-minute
infusion of ANG II (Asp 1, Tle 5 ANG II dissolved in 5% glucose) in
successively increasing doses of 4, 8, and 16 ng/kg min; each dose was
given for 20 minutes. Further blood samples were collected 20, 40, 60,
90, 120, 150, and 180 minutes after the beginning of the ANG II
infusion.
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ANG II Plus Losartan Test

This test was performed as the previously described ANG 1T test,
except for the oral administration of 50 mg losartan (NeoLotan;
Neopharmed, Rome, Italy) at time —30. In the ANG II test, a placebo
was given instead of losartan.

Losartan Test

This test was performed as the previously described ANG II plus
losartan test, except for the infusion of a 5% glucose solution instead of
ANGII.

Placebo Test

This test was performed as the previously described losartan test,
except for the administration of a placebo instead of losartan.

Assays

All blood specimens were collected in prechilled plastic tubes
containing Na,EDTA (1 mg/mL) and aprotinin (100 KIU/mL). Twenty-
five milliliters of blood was drawn at each sampling time. Tubes were
collected and promptly centrifuged at 4°C. Plasma was separated and
frozen at —20°C until assayed. All samples from each subject were
analyzed in duplicate in the same assay. OT and AVP were measured
with specific radioimmunoassay methods.® The intraassay coefficient of
variation was 8% for AVP and 7.6% for OT; the interassay coefficient of
variation was 12.8% for AVP and 11.8% for OT. The sensitivity of the
RIA was 1.1 pmol/L for AVP and 2.0 pmol/L for OT.

Osmolality, hematocrit, and sodium concentrations were also mea-~
sured in all specimens. Osmolality was measured with an advanced
osmometer (Osmette S; Sedas s.rl., Milan, Italy); hematocrit was
determined with a Drummond microhematocrit (Drummond Scientific,
Broomal, CA). Samples were placed into plastic tubes containing
K3EDTA for the measurement of hematocrit and into plastic tubes
containing lithium-eparine for the measurement of osmolality. Blood
was collected into additional tubes for serum sodium evaluation by
flame photometry. During the study, mean blood pressure was moni-
tored with a mercury sphygmomanometer at each sampling time during
ANG Il or ANG 11 plus losartan. Statistical analysis was performed with
the Wilcoxon’s matched-paired rank-sum test and two-way ANOVA for
repeated measures followed by specific means comparisons test, as
appropriate. Results are reported as mean =+ SE.

RESULTS

Figure 1 and Table 1 show the results of the ANG II test and
of the ANG II test performed after losartan administration. In
the ANG II test, plasma AVP and OT levels increased sharply
and in a similar fashion in response to ANG II. The mean peak
levels of both hormones were observed at 60 minutes after the
beginning of ANG II infusion (P < .01 v baseline for both AVP
and OT; Wilcoxon matched-paired rank-sum test). Treatment
with losartan abolished both OT (from 3.4 = 0.5 pmol/L to
2.3 = 0.3 at 60 minutes; P < .05) and AVP (from 3.75 *= 0.6
pmol/L to 2.4 = 0.5 at 60 minutes; P < .05) responses to ANG
I (two-wdy ANOVA for repeated measures followed by
specific means comparisons test).

The administration of losartan alone or placebo alone did not
change the basal AVP and OT concentrations (Fig 2).

During the ANG I test, blood osmolality (time 0, 284.0 + 2.0
mOsmol/kg), hematocrit (time 0, 43.8% = 1.4%), and serum
sodium concentrations (time 0, 140.3 = 0.4 mEqg/L) did not
change in any subject. Similar values were observed during the
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Fig 1. Plasma AVP and OT levels (mean = SE) during ANG 1!
(@—@®) and ANG Il + losartan (®- - - -@) treatment. *P < .05 between
control and experimental tests (ANOVA followed by specific mean
comparison test).

ANG II plus losartan test, the losartan test, and the placebo test.
Mean blood pressure increased significantly during ANG II
infusion from a basal value 0of 94.2 = 1.5 to 104.6 & 1.4 mm Hg
at 60 minutes (P < .01). Losartan did not change blood pressure
observed at time 0 (93.6 = 1.5 mm Hg), but significantly
decreased the blood pressure increment induced by ANG II
(96.5 = 1.5; P < .01) at 60 minutes. When losartan was given
alone, the mean blood pressure decreased significantly from
93.5 =+ 1.6 (basal value) to 89.7 = 1.7 (60 minutes) (P < .05;
Wilcoxon matched-paired rank-sum test).

None of the subjects experienced side effects after ANG II
and losartan treatment.

DISCUSSION

The results of this study show for the first time in humans that
AT1 receptors mediate ANG II-stimulating action on AVP and
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OT secretion. AT1 receptor subtypes have been described both
inside and outside the blood-brain barrier (BBB) not only in
hypothalamic-pituitary structures related to posterior pituitary
hormone secretion, such as the supraoptic (SON) and paraven-
tricular nuclei (PVN), the median eminence, and the posterior
pituitary itself, but also in various cerebral structures known as
areas involved in cardiovascular regulation by the brain.® Even
though ANG Il is unable to cross the BBB, circulating ANG IT is
thought to play an important role in the maintenance of blood
pressure by acting on receptors located in the circumventricular
organs, which are located outside the BBB, but project to
cerebral structures controlling cardiovascular function.” 2 This
pathway is also connected with the SON and PVN and thus may
be supposed to mediate ANG II stimulation of posterior
pituitary hormone secretions. Like ANG II, losartan is unable to
cross the BBB!3 and, thus, inhibition of ANG II-induced AVP
and OT responses might be attributed to blockade of AT1
receptors in the circumventricular organs. However, we cannot
exclude direct stimulatory effects of circulating ANG II on the
posterior pituitary'4 and/or hypothalamic AVP- and OT-
secreting structures located outside the BBB, such as the
median eminence. In fact, evidence has been provided that
ANG 1I stimulates AVP release from median eminence termi-
pals.’ Losartan might have produced its inhibitory effect on
ANG II action by blocking AT1 receptors at these sites.

Both ANG II and AVP are potent vasoconstrictors and
influence heart function through different mechanisms.'¢ On the
other hand, there is no evidence of a role for OT in hemody-
namic homeostasis in normal human subjects, even though the
effects of OT in regulation of blood pressure and volume have
been shown in rats and dogs.!”-?° Further studies are needed to
establish whether in humans ANG II might influence AVP and
OT secretion in physiological situations and/or in pathological
conditions.

Table 1. Individual Basal and Peak Values of AVP and OT During
ANG Il and ANG If Plus Losartan Tests

ANG Il Test ANG Il + LOS Test

Subject No. Basal Peak Basal Peak
OT (pmol/L)

1 2.6 3.2 2.5 2.3

2 2.6 3.3 2.4 2.1

3 2.0 2.6 2.0 2.0

4 2.0 3.3 2.0 2.4

5 2.3 3.1 2.1 2.0

6 3.1 5.8 3.3 3.3

7 2.0 2.8 2.1 2.0
Mean + SE 23 +0.2 34+04 23*02 23+0.2
AVP {pmol/L)

1 2.5 3.2 2.5 2.0

2 2.6 3.5 2.5 2.3

3 2.6 3.6 2.6 2.5

4 1.4 24 15 1.2

5 2.3 3.5 2.4 2.1

6 3.2 6.7 2.9 5.0

7 1.9 3.1 2.0 1.7
Mean + SE 2.4 +0.2 3.7x0.5 23*0.2 24 x05

Abbreviation: LOS, losartan,
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Fig 2. Plasma OT and AVP levels {mean * SE) during losartan
(®@—®) and saline (®- - - -®) administration. Each point represents the
mean % SE.
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