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Evidence for a Role of Opioid Peptides in the Release of
Arginine Vasopressin in the Conscious Rat

SAN-E ISHIKAWA and ROBERTW. SCHRIER, Department of Medicine, University of
Colorado Health Sciences Center, Denver, Colorado 80262

A B S T R A C T Recent reports have suggested that
opioid peptides may be involved in renal water ex-
cretion. The present in vivo experiments, therefore,
were undertaken to determine the effect of opioid
peptides on the osmotic and nonosmotic release of ar-
ginine vasopressin (AVP) in the conscious rat. Exper-
imental animals were infused intravenously with nal-
oxone (20 ,g/kg per min) or oxilorphan (40 ,g/kg per
min), chemically dissimilar opioid antagonists. Control
rats were infused with normal saline, the vehicle for
the opioid antagonists. In all three groups the osmotic
release of AVP was examined during an acute hyper-
tonic saline (3%) infusion (2 ml/100 g body wt). The
antidiuresis following the hypertonic saline infusion
was significantly attenuated in naloxone- and oxilor-
phan-treated rats, as the peak urinary osmolality
(Uosm) rose to 581.4±22.4 and 558.2±27.6 mosmol/
kg H20 in naloxone- and oxilorphan-treated rats as
compared with the value in control rats of 735.3±24.2
mosmol/kg H20 (both P < 0.001 vs. control). At the
same time the plasma AVP levels of 5.4±1.3 and
5.2±1.1 pg/ml in naloxone- and oxilorphan-treated
rats, respectively, were significantly lower than the
plasma AVP in control rats of 16.9±2.5 pg/ml (P
< 0.001). In another three groups of rats the nonos-
motic release of AVP was examined during hypovo-
lemia induced by intraperitoneal 6% dextran (1.8 ml/
100 g body wt). Following intraperitoneal administra-
tion of dextran the peak Uosm of 703.0±87.8 and
734.8±99.1 mosmol/kg H20 in naloxone- and oxilor-
phan-treated rats, respectively, was significantly less
than the value in control rats of 1,169.3±135.5
mosmol/kg H20 (both P < 0.02 vs. control). A com-
parable decrease in blood volume of 13% occurred in
all three groups of animals. During the dextran ad-
ministration plasma AVP levels in naloxone- and ox-
ilorphan-treated rats increased to 4.3±1.0 and 6.0±2.0
pg/ml, respectively; both of these values were signif-
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icantly lower than the plasma AVPof 12.9±1.4 pg/ml
in control rats (P < 0.02). The effect of opioid antag-
onists to impair the osmotic and nonosmotic release
of AVPoccurred in the absence of differences in mean
arterial pressure, glomerular filtration rate and the
renal response to AVP. These results, therefore, indi-
cate that opioid peptides are involved in renal water
excretion primarily by modulating the central release
of AVP.

INTRODUCTION

Opioid peptides are derived from a common precur-
sor, ,3-lipotropin (1), and the genetic sequencing of
opioid peptides is determined by the sequence of
ACTH-f3-lipotropin (2, 3). These opioid peptides are
distributed in various tissues that originated from ec-
toderm; thus, the hypothalamus and pituitary gland
are areas of high opioid content as measured by ra-
dioimmunoassay techniques (4). The opioid peptides
are divided into two groups, namely the endorphins
and enkephalins. In the pituitary gland the endorphins
are localized mainly in the adenohypophysis and pars
intermedia, while the enkephalins are localized mainly
in the neurohypophysis. Since there are also opioid
receptors with high affinity binding properties in the
neurohypophysis (5), it is reasonable to suggest that
enkephalins may be involved in the release of arginine
vasopressin (AVP)' from the neurohypophysis.

The first study that examined the antidiuretic effect
of morphine was reported by DeBodo in 1944 (6) and,
more recently, several additional studies have reex-
amined the role of opiates and opiate antagonists (6-
11) and opioid peptides (12-17) in renal water excre-
tion. Taken together, these studies have not yielded
consistent results. Specifically, opiates and opioid pep-
tides have been suggested both to stimulate (6-13, 17)
and to inhibit AVPrelease (14-16). The purpose of the

' Abbreviations used in this paper: AVP, arginine vaso-
pressin; Hct, hematocrit; MAP, mean arterial pressure; Posm,
plasma osmolality; Uosm, urinary osmolality.
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present experiments was to determine whether endog-
enous opioid peptides are important in the osmotic and
nonosmotic release of AVP. The results of these ex-
periments revealed that two different opioid antago-
nists, namely naloxone and oxilorphan, significantly
attenuated both the osmotic and nonosmotic release
of AVP in the conscious rat. These results therefore
support an influence of opioid peptides on the central
release of AVP.

METHODS

Studies were performed on male Sprague-Dawley rats
weighing 250-300 g. The rats were allowed free access to
food and water until the time of the experiments. After ether
anesthesia, the rats underwent placement of external jugular
venous and carotid arterial catheters (PE-50, Clay-Adams,
Div., Beckton, Dickinson & Co., Parsippany, N. J.) as well
as a suprapubic polyethylene bladder catheter (PE-100, Clay
Adams). The animals were then placed in a restrainer (Narco
Biosystems, Inc., Houston, Tex.) and allowed to awaken. At
least 30 min then were allowed before experiments were
started.

Hypertonic saline protocol. To achieve a water diuresis
the animals were infused with 0.3% saline containing inulin
(1.2 g/100 ml) at a rate of 6 ml/h (model 355, Sage Instru-
ments Div., Orion Research Inc., Cambridge, Mass.). After
a volume of hypotonic saline equivalent to 2-3% of body wt
had been administered the majority of rats had a urinary
osmolality (Uosm) of 150 mosmol/kg H20) or below. Only
those rats with a Uosm in this hypotonic range were used
in the present experiments. After a stable water diuresis was
established, three 5-min control urine collections were ob-
tained for the measurement of urine volume, Uosm, and
inulin concentration. At 15 min, a 0.5-ml blood sample was
taken for the measurement of hematocrit (Hct), plasma os-
molality (Posm), and inulin concentration.

After this control period, the experimental rats were in-
fused with one of two opioid antagonists, naloxone hydro-
chloride (20 sg/kg per min, Endo Laboratories Co., Garden
City, N. Y.) or oxilorphan tartrate (40 ag/kg per min, Bristol
Laboratories Co., Syracuse, N. Y.), at a rate of 2 ml/h. The
control group of rats were infused at the same infusion rate
with 0.9% saline, the vehicle for the opioid antagonists. The
infusions of opioid antagonists or the vehicle were continued
throughout the remainder of the experiment. 30 min after
the start of the infusion of opioid antagonists or the vehicle,
three 5-min urine collections and a 0.5-ml blood sample were
obtained for the measurement of urine volume, Uosm, and
urinary inulin concentration, and Hct, Posm, and plasma
inulin concentration, respectively. After these collections,
the response to an osmotic stimulus was tested with an in-
fusion of 3% NaCl (2.0 ml/ 100 g body wt) administered over
a 4-5-min period. After completing the hypertonic infusion,
urine samples were collected at 5-min intervals and 0.2-ml
blood samples were taken at 15-min intervals for 90 min.
The blood samples were replaced with an equivalent volume
of isotonic saline.

Another group of equally treated experimental and control
rats received the hypertonic saline and had plasma AVP
concentrations measured. Since the peak Uosm after the in-
fusion of hypertonic saline was found to occur between 18
and 23 min in our earlier experiments (18), a 2.0-ml blood
sample was taken rapidly over 10 s through the carotid artery
catheter exactly 20 min after commencing the infusion of

hypertonic saline. The water-diuresing rats were prepared
in the same manner as all other animals. In these animals
plasma AVP samples were drawn after a water diuresis was
established (Uosm < 150 mosmol/kg H20). We have pre-
viously established that blood removal over 10 s does not
stimulate AVP release rapidly enough to effect the AVP
content in the withdrawn blood specimen (18).

Hyperoncotic dextran protocol. The intraperitoneal ad-
ministration of 6% of dextran T-70 (Pharmacia Fine Chem-
icals, Inc., Piscataway, N. J.) was used as a nonosmotic, hy-
povolemic stimulus for AVP release. Rats used in this
experiment were prepared in the same manner as described
above, with the exception of placement of an intraperitoneal
catheter (PE-350, Clay-Adams) at the time of surgery. After
establishing a water diuresis, control collections of blood and
urine samples were obtained, followed by the infusion of
naloxone, oxilorphan or the vehicle as described in the hy-
pertonic saline protocol. The animals were then given an
intraperitoneal injection of dextran (1.8 ml/100 g body wt)
at a rate of 1 ml/min. The estimated oncotic pressure of this
solution (van't Hoff equation) is 800 mmH20. After injec-
tion of intraperitoneal dextran, the experimental periods
were started and urine was collected at 5-min intervals and
blood was taken every 15 min for 90 min. The blood removed
was replaced with an equivalent volume of isotonic saline.
Estimated changes in blood volume (ABV) were calculated
by the formula [ABV = 1 - (Hct 2/Hct 1)]. This method
probably underestimates the ABV because it does not ac-
count for the erythrocyte volume removed during blood
sampling.

In a separate group of experimental and control rats, blood
samples were taken for the determination of AVP. Because
the peak Uosm after the injection of dextran was found to
occur between 30 and 60 min in our earlier experiments,
2.0-ml blood samples were taken rapidly over 10 s through
the carotid arterial line exactly 45 min after the start of the
experimental periods.

Studies on the effect of opioid antagonists on the renal
response to exogenous AVP. To ascertain whether any of
the observed changes in Uosm in rats receiving opioid an-
tagonists was due to an alteration in the renal response to
AVP, the responses to exogenous AVP were examined. The
rats were prepared in the same manner as noted in the pre-
vious protocols. After establishing a water diuresis, three 4-
min urine collections were obtained. Immediately after these
collections, a bolus of 4 ng/kg body wt of AVP (Aqueous
Pitressin; Parke-Davis & Co., Detroit, Mich.) was adminis-
tered. Sequential 4-min urine collections were taken until
Uosm returned to 150 mosmol/kg H20 or below. At this time
naloxone, oxilorphan, or the vehicle was administered at the
same rates as in earlier protocols. 45 min later three 4-min
control urine collections were again obtained, and then a
second bolus of 4 ng/kg body wt of AVP was administered.
Again, urine collections were continued until Uosm de-
creased to <150 mosmol/kg H20.

In all studies arterial blood pressure was monitored
throughout the experiments by a strain gauge (Statham
Transducers, Statham Instruments Div., Gould Inc., Oxnard,
Calif.; and model 7702B, Hewlett-Packard Co., Palo Alto,
Calif.). Hct was measured by Micro Hematocrit Tube
Reader, model CR (International Equipment Co., Div. Da-
mon Corp., Needham Heights, Mass.), Posm by vapor pres-
sure osmometer (Wescor Inc., Logan, Utah), and Uosm by
freezing-point depression (model 3R, Advanced Instruments,
Inc., Needham Heights, Mass.). The vapor pressure osmom-
eter correlates within 1%of the value recorded by both freez-
ing-point depression and calculated osmolality (19). Inulin
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concentrations were measured by autoanalyzer (Technicon
Instruments Corp., Tarrytown, N. Y.).

AVPmeasurements. All blood samples for the measure-
ment of AVPwere withdrawn into heparinized syringes, and
then transferred to glass tubes on ice. These samples were
centrifuged at 4°C at 2,000 rpm (model PR-J, International
Equipment Co.) for 10 min. The plasma was then removed
and frozen at -20°C until the specimens were thawed and
AVPmeasured. These samples were extracted by the method
of Robertson et al. (20). The acetone extracts were prepared
by mixing 1.0 ml of plasma with 2.0 ml of cold acetone.
After centrifugation at 3,000 rpm for 20 min, the supernate
was decanted from the precipitate, thoroughly mixed with
4.0 ml of cold ether, and centrifuged again. After centrif-
ugation the upper layer was carefully aspirated and dis-
carded. The acetone remaining in the lower aqueous phase
was eliminated under a stream of room air. The precipita-
tions were then dissolved in 0.5 ml of phosphate-buffered
saline and AVP measurements determined by radioimmu-
noassay (21).

The lower limit of AVP detection on the standard curves
is 0.5 pg/ml. A synthetic AVP (Ferring Co., Malmo, Sweden;
400 U/mg) was used for the standard curves. Intra- and
interassay coefficients of variation are 14.0 and 13.7%, re-
spectively. Oxytocin cross-reacted by <0.1% with the AVP
antiserum, while lysine vasopressin showed 10% immuno-
reactivity when compared with AVP (21).

Statistics. In each rat mean Uosm, Posm, mean arterial
pressure (MAP), Hct, and inulin clearance, at the time of
the peak Uosm and UosmV after the administration of 3%
NaCl or 6% dextran were compared to their mean values
during control periods of the same rats by the paired Stu-
dent's t test. These same parameters as well as plasma levels
of AVP were also compared between control and experi-
mental groups of rats by the unpaired Student's t test. A P
value of <0.05 was considered significant.

RESULTS

Hypertonic saline study. The Posm during the
water diuresis and after administration of opioid an-
tagonists or the vehicle ranged from 287.0 to 291.2
mosmol/kg H20 and was not significantly different
among the three groups. The Posm after intravenous
administration of hypertonic saline increased signifi-
cantly by -20 mosmol/kg H20 in all of the three
groups of animals (P < 0.001). In all three groups the
Uosm during the water diuresis was <150 mosmol/kg
H20 as shown in Fig. 1. After the administration of
the opioid antagonists or the vehicle Uosm remained
<150 mosmol/kg H20. After the infusion of 3% saline
the peak Uosm was signficantly less in the naloxone-
and the oxilorphan-treated rats as compared with the
control rats. Specifically, peak Usom rose to 581.4±22.4
(n = 7) and 558.2±27.6 mosmol/kg H20 (n = 7) in
naloxone- and oxilorphan-treated rats, respectively,
and these values were significantly lower than the
Uosm in control rats (n = 7) of 735.2±24.2 mosmol/
kg H20 (P < 0.001) (Fig. 1). As depicted in Table I,
MAP, Hct, and inulin clearance were not significantly
different among the three groups of animals during

800-
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°-- - Control Vehicle , 1
NaloxoneI I

*-a Oxilorphan / P< 0.001
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Water Opioid An'tagonists Hypertonic
Diuresis or Vehicle Saline

FIGURE 1 Effect of opioid antagonists to blunt the response
of peak Uosm to hypertonic saline infusion. Values indicate
mean±SEM(n = 7).

any phase of the experiments. There were no signifi-
cant differences in UosmV among the three groups
during control periods and after the infusion of hy-
pertonic saline.

The results of Posm and plasma AVP levels are
shown in Fig. 2. Mean plasma AVP level during the
water diuresis was 0.5±0.2 pg/ml (n = 7). In all three
groups the plasma AVP levels after the infusion of
hypertonic saline were significantly higher than the
plasma AVP levels during water diuresis (P < 0.005).
Plasma AVPconcentrations were 5.4±1.3 pg/ml in the
naloxone-treated rats (n = 9), 5.2±1.1 pg/ml in the
oxilorphan-treated rats (n = 7), and 16.9±2.5 pg/ml
in control rats (n = 10). The increase in plasma AVP
in both naloxone- and oxilorphan-treated rats after the
infusion of hypertonic saline was significantly less than
the AVP concentrations in the control rats (both P
<0.001).

Hyperoncotic dextran study. Comparable de-
creases in blood volume (-13%) occurred in all three
groups of rats following the intraperitoneal adminis-
tration of dextran (P < 0.001). As depicted in Fig. 3,
Uosmduring water diuresis was <150 mosmol/kg H20
in all three groups of rats, and remained <150 mos-
mol/kg H20 after the administration of opioid antag-
onists or the vehicle. Following the administration of
dextran all animals had an antidiuresis in response to
the decrease in blood volume. However, the peak
Uosm responses in rats receiving opioid antagonists
were signficantly blunted when compared to rats re-
ceiving vehicle alone (Fig. 3). Peak Uosm rose to
703.0±87.8 (n = 8) and 734.8±99.1 mosmol/kg H20
(n = 8) in naloxone- and oxilorphan-treated rats, re-
spectively, values that were significantly lower than
the control value of 1,169.3±135.5 mosmol/kg H20
(n = 8) (both P < 0.02 vs. control). MAPwas slightly
but significantly decreased in all three groups of rats
after the intraperitoneal administration of dextran
(Table II). Posm and inulin clearance were not sig-
nificantly different among the three groups of animals
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TABLE I
Profile of Changes in MAP, Inulin Clearance (C1|), and Hct in the Presence or Absence of Opioid Antagonists

in the Hypertonic Saline Experiments

Control (n = 7) Naloxone (n = 7) Oxilorphan (n = 7)

Control Vehicle Saline Control Naloxone Saline Control Oxilorphan Saline

MAP, mmHg
Mean±SE 117.3±2.4 117.1±2.4 118.0±2.3 113.1±3.4 114.7±3.3 113.0±3.4 113.0±2.7 113.3±2.9 112.0±2.1
P value NS NS NS NS NS NS

C1,,, ml/min
Mean ± SE
P value

3.2±0.1 3.2±0.1 3.2±0.1 3.1±0.2 2.8±0.2 3.1±0.2 3.0±0.2 2.8±0.2
NS NS NS NS NS NS

2.9±0.3

Hct, %
Mean±SE 37.6±0.7 38.5±0.7 38.5±0.8 38.6±0.6 38.2±0.5 38.2±0.4 37.3±0.8 37.2±0.7 37.2±0.9

NS NS NS NS NS NS

during any phase of the experiment (Table II). UosmV
was not signficantly different among the three groups

of animals during control periods and after the intra-
peritoneal administration of dextran.

In Fig. 4 are shown the results of decrements in
blood volume and plasma AVP levels in the hyperon-
cotic dextran studies. Plasma AVP levels during water
diuresis were 0.6±0.2 pg/ml (n = 7), and 45 min after
the intraperitoneal dextran administration plasma
AVP levels were significantly increased in all the three
groups of rats (P < 0.01). The plasma AVP levels were

4.3±1.0 pg/ml in the naloxone-treated rats (n = 9),
6.0±2.0 pg/ml in the oxilorphan-treated rats (n = 7),
and 12.9± 1.4 pg/ml in the control rats (n = 7). During
hyperoncotic dextran administration the values of
plasma AVP in both naloxone- and oxilorphan-treated
rats were significantly lower than the values in the
control group receiving the vehicle (P < 0.001 and P
< 0.02, respectively).

20I

15

Plasma
AVP 10

(pg/ml)

5

o Control Vehicle P<0.001
* Naloxone
* Oxilorphan

.I

Effect of opioid antagonists on the renal response

to exogenous AVP. In the control group of rats (n
= 6), Uosmwas increased from 112.3±3.3 to 510.8±27.0
mosmol/kg H20 (P < 0.001) by the first bolus of AVP,
and then decreased to 133.0±2.9 mosmol/kg H20 (P
< 0.001). During vehicle administration Uosm was in-
creased from 134.3±11.1 to 533.0±31.3 mosmol/kg
H20 (P < 0.001) by the second bolus of AVP, which
then decreased to 130.3±8.3 mosmol/kg H20 (P
< 0.001). In the naloxone group of rats (n = 6), the
first bolus of AVP increased Uosm from 115.8±10.2
to 579.6±78.8 mosmol/kg H20 (P < 0.001), and Uosm

1200

^ 800-
0

O >

Ca ".,

0O
E

0

E400-
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*0-4 Naloxone

* Oxilorphan

0 10 20 30 40 Water Opioid Antagonists Hyperoncotic
Increment in Posm (mosmol/kg H20) Diuresis or Vehicle Dextran

FIGURE 2 Effect of opioid antagonists to blunt the plasma FIGURE 3 Effect of opioid antagonists to blunt the response
AVP response to an osmotic stimulation with hypertonic sa- of peak Uosm to the intraperitoneal administration of 6%
line. Values indicate mean±SEM. dextran. Values indicate mean±SEM(n = 8).
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TABLE II
Profile of Changes in MAP, Inulin Clearance (C1,,), and Posm in the Presence or Absence of Opioid Antagonists

in the Hyperoncotic Dextran Study

Control (n = 8) Naloxone (n = 8) Oxilorphan (n = 8)

Control Vehicle Dextran Control Naloxone Dextran Control Oxilorphan Dextran

MAP, mmHg
Mean±SE 117.0±1.8 118.1±1.8 113.9±1.7 113.8±2.2 116.4±2.3 110.9±2.7 112.3±3.7 116.1±4.1 110.6±3.2
P value NS <.05 NS <.005 NS <.05

CI,, ml/min
Mean±SE 3.3±0.2 3.3±0.1 3.1 ±0.2 3.1 ±0.3 3.1 ±0.3 3.0±0.2 3.0±0.1 2.9±0.2 2.9±0.3
P value NS NS NS NS NS NS

Posm, mosmol/
kg H20

Mean ± SE 289.4 ± 3.4 289.8 2.4 292.3 ± 1.1 288.0 ± 5.7 286.9 ± 5.6 289.5 5.2 288.4 ± 3.5 286.5 ± 3.7 287.8±2.1
P value NS NS NS NS NS NS

returned to 123.2±12.9 mosmol/kg H20 (P < 0.001)
after the effect of the hormone dissipated. After nal-
oxone administration, Uosm was 127.0±12.7 mosmol/
kg H20 and the second bolus of AVP increased Uosm
to 554.8±45.4 mosmol/kg H20 (P < 0.001), which then
decreased to 141.3±4.6 mosmol/kg H20 (P < 0.001).
In the oxilorphan group of rats (n = 6), Uosm increased
from 108.2±15.5 to 504.0±76.4 mosmol/kg H20 (P
< 0.001) after the first bolus of AVP and then fell to
123.3±9.0 mosmol/kg H2O (P < 0.001). After oxilor-
phan administration a second bolus of AVP increased
Uosm from 120.8±8.6 to 510.5±55.2 mosmol/kg H20
(P < 0.001), which then returned to 142.3±5.0 mos-
mol/kg H20 (P < 0.001). In all three groups of rats
the response of peak Uosm to exogenous AVP was not
significantly different during any phase of the exper-
iments. Similar studies were performed using 1 ng/kg
rather than 4 ng/kg of AVP. Once again no end-organ
effect of opioid antagonist on the renal response to

20

15

Plasma
AVP

(pg/mI) 10

5

o Control Vehicle
* Naloxone
* Oxilorphan

P<0.001o +-- ] P<O.02

-20 -15 -10 -5 0
Decrement in Blood Volume (%)

FIGURE 4 Effect of opioid antagonists to blunt the response
of plasma AVP to decrements in blood volume during the
intraperitoneal administration of 6% dextran. Values indi-
cate mean±SEM.

AVP was observed. Thus, at the doses of opioid an-
tagonists used in the present study there was no evi-
dence for an effect on the renal response to AVP.

DISCUSSION

Recent studies using immunocytochemical techniques
(22, 23) have demonstrated that enkephalin-containing
neurons are interspersed between AVP- and oxytocin-
containing neurons in the supraoptic and paraventric-
ular nuclei of the rat hypothalamus. The axon ter-
minals of these enkephalin-containing neurons have
been observed to extend into the neurohypophysis.
Similar results were found in the preoptic nucleus of
the goldfish (24, 25). These anatomical results sug-
gested that opioid peptides might be involved in the
release of AVP. Moreover, recent evidence indicates
the presence of high-affinity opioid receptors in the
bovine neurohypophysis (5). Preliminary studies by
Rossier et al. (22, 23) have provided some physiological
support for the role of opioid peptides in AVP release.
These investigators found parallel decreases in the
neurohypophyseal content of leucine-enkephalin and
AVP after 24 h of fluid deprivation in the rat. Recent
studies in man have also suggested that opioid antag-
onists may alter the osmotic threshold of AVP release
(26) as well as impair the nonosmotic release of AVP
during tilting (27). Opioid peptides might, therefore,
be expected to stimulate AVP release and yet both in
rat (15, 28) and man (16) they have been reported to
inhibit AVP release. Someof these variations in results
could relate to renal or extrarenal effects of opioid
peptides or antagonists independent of any central
effect on AVP release, as well as differences in the
specific mode of stimulating AVP release.

In the present study the effect of opioid antagonists

670 S. Ishikawa and R. W. Schrier



on the osmotic (hypertonic saline) and nonosmotic
(intraperitoneal dextran) release of AVP was further
examined and blood pressure and glomerular filtration
rate also were monitored. The present studies were
performed in conscious water-diuresing rats since the
use of anesthesia in such studies could lead to diffi-
culties in interpretation. Also, since the opioid antag-
onists may have additional effects, it seemed important
to perform the present experiments with two chemi-
cally dissimilar antagonists. The results of the present
experiments demonstrated that both osmotic and non-
osmotic release of AVP were significantly impaired by
prior administration of either naloxone or oxilorphan.
This impaired release of AVP was associated with the
expected diminution in the rise in Uosm during both
the osmotic and nonosmotic stimuli. This diminished
antidiuresis was associated with a normal end-organ
response to maximal and submaximal doses of exog-
enous AVP. Moreover, the absence of differences in
MAPand glomerular filtration rate among the three
groups of animals during all experiments did not sup-
port intrarenal alterations as an explanation for the
difference in urinary concentration. Huidobro and
Huidobro-Toro (10), however, have shown that mor-
phine has a direct effect on the kidney. In the present
study the opioid antagonists did not alter the renal
response to exogenous AVP. Thus, impaired AVP re-
lease was primarily responsible for the diminished
peak Uosm during both osmotic and nonosmotic stim-
uli in the naloxone- and oxilorphan-treated animals as
compared with the control (vehicle) rats. These dif-
ferences in AVP release occurred in spite of a com-
parable rise in Posm (-,20 mosmol/kg H20), i.e., os-
motic stimulus, and fall in blood volume ('13%), i.e.,
nonosmotic stimulus, in all groups of animals.

Naloxone and oxilorphan produced virtually iden-
tical effects. Since naloxone is considered to be an es-
sentially pure narcotic antagonist, while oxilorphan
has both agonist and antagonist properties (9, 29), the
results in the present study provide evidence that the
inhibitory effect of the two drugs on AVP release is
a consequence of their narcotic antagonist properties
rather than agonist activity, as suggested by other in-
vestigators (26). The present results, however, are not
in concert with other findings that did not demonstrate
an effect of naloxone on osmotically mediated AVP
release (28, 30). There is no ready explanation for these
latter differences. It should be emphasized, however,
that the present studies were performed in conscious
rats, using a sensitive radioimmunoassay for AVP, two
chemically dissimilar opioid antagonists and both os-
motic and nonosmotic release of AVP were examined.

Since the nonosmotic (baroreceptor) pathway (31)
and osmoreceptors (32) are known to reside outside of
the blood-brain barrier, an effect of intravenous opioid

antagonists on these two anatomically separate path-
ways (33) for AVP release is certainly tenable (26, 27).
However, since opioid antagonists are known to pen-
etrate the blood-brain barrier readily (34), their intra-
venous effect on AVP release could reside at the level
of the paraventricular and supraoptic nuclei in the
hypothalamus. Recent investigations (10, 11, 13) in
which intracerebroventricular administrations of opi-
ate or opioid peptides caused an increase in AVP re-
lease support this possibility and are quite compatible
with the present results. As already mentioned, en-
kephalin-containing neurons have been demonstrated
to be interspersed among AVP- and oxytocin-contain-
ing neurons in the hypothalamus, thus making the
paraventricular and supraoptic nuclei a likely site of
action of the opioid antagonists. Since the axons of
enkephalinergic neurons terminate in the neurohy-
pophysis, an effect of the opioid antagonists at the level
of the neurohypophysis is also possible, particularly
since opioid receptor binding has been found in the
neurohypophysis (5).

In summary, the present in vivo results demonstrate
that two chemically dissimilar opioid antagonists im-
pair urinary concentration in the conscious rat by di-
minishing the osmotic and nonosmotic release of AVP
from the hypothalamo-neurohypophyseal tract. This
impairment is demonstrable in the absence of differ-
ences in MAP, glomerular filtration rate, solute excre-
tion, and the renal response to AVP.
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