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OPC-21268, An Orally Effective, Nonpeptide
Vasopressin V1 Receptor Antagonist

YosHITAKA YAMAMURA,* HIDENORI OGAWA, TOMIHIKO CHIHARA,
Kazumi KoNDO, TOSHIYUKI ONOGAWA, SHIGEKI NAKAMURA,
Toyok1r Mor1, MICHIAKI TOMINAGA, YOUICHI YABUUCHI

An orally effective, nonpeptide, vasopressin V1 receptor antagonist, OPC-21268, has
been identified. This compound selectively antagonized binding to the V1 subtype of
the vasopressin receptor in a competitive manner. In vivo, the compound acted as a
specific antagonist of arginine vasopressin (AVP)—induced vasoconstriction. After oral
administration in conscious rats, the compound also antagonized pressor responses to
AVP. OPC-21268 can be used to study the physiological role of AVP and may be
therapeutically useful in the treatment of hypertension and congestive heart failure.

WO SUBTYPES OF PERIPHERAL AVP

receptors have been distinguished

both functionally and pharmacolog-
ically. In kidney, AVP exerts an antidiuretic
effect through V2 vasporessin receptors by
an adenosine 3',5'-monophosphate (cAMP)—
dependent mechanism (7). In liver and vascu-
lar smooth muscle, AVP elicits glycogenolysis
and vasoconstriction, respectively, through
V1 receptors by a cAMP-independent mech-
anism that is coupled to phosphoinositide

turnover (2). Although many vasopressin an-

tagonists have been developed for therapeutic
use, these antagonists are all peptide analogs
(3) and therefore do not have high enough
oral bioavailability. We now describe a non-
peptide V1 vasopressin receptor antago-
nist, OPC-21268 (1-{1-[4-(3-acetylamino-
propoxy)benzoyl]-4-piperidyl}-3,4-dihydro-
2 (1H)-quinolinone) (Fig. 1), which was devel-
oped by optimization of the lead molecule
found from random screening of several thou-
saids of compounds.

AVP and OPC-21268 both displace *H-
labeled AVP bound to rat liver (V1 recep-
tor) and kidney (V2 receptor) plasma mem-
branes (Fig. 2). OPC-21268, at concentra-
tions of 1077 to 107 M, caused a
concentration-dependent  displacement of
[*H]JAVP binding to V1 receptors, but the
inhibitory effect of OPC-21268 on V2 re-
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ceptor binding was weak. The concentration
of OPC-21268 that displaced 50% of spe-
cific AVP binding (ICg,) was 4 X 1077 M
for V1.receptors and >10"* M for V2
receptors. From the ICzq, we calculated the
inhibition constant (K;) of OPC-21268 for
V1 receptors (1.4 X 1077 M). To determine
if OPC-21268 interacts competitively or
noncompetitively with V1 receptors, we an-
alyzed [*H]AVP binding data from rat liver
membranes .in the presence and absence of
OPC-21268 by the Lineweaver-Burk meth-
od. OPC-21268 reduced the slope but did
not change the y-axis intercept (Fig. 2B).
These data indicate that OPC-21268 inhib-
ited [*H]AVP binding by changing the
dissociation constant (K,) but without
changing the maximum number of receptors
(Binax)- Thus, OPC-21268 interacts com-
petitively with V1 receptors. The K (1 X
1077 M) of OPC-21268 for V1 receptors
was consistent with the K; obtained from
displacement experiments. These data sug-
gest that OPC-21268 selectively antago-
nized V1 receptors in vitro.

To study whether OPC-21268 acts as a
specific antagonist of V1 receptors in vivo,
we examined the effects of intravenous
OPC-21268 administration in pithed rats

Uil

Fig. 1. Structure of
OPC-21268, 1-{1-[4-

(3-acetylaminopropoxy) Cb
benzoyl]-4-piperidyl}-

3 4-dihydro-2(1H)-qui- O)\CL

nolinone. O(CH,);NHCOCH,
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(male Sprague-Dawley rats, 300 to 400 g,
Charles River Labs). OPC-21268, at doses
of 1, 3, and 10 mg per kilogram of body
weight, injected intravenously (i.v.), did not
alter pressor responses to angiotensin IT (0.3
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Fig. 2. In vitro antagonism of OPC-21268 to
AVP. (A) Displacement curves of [*H]AVP by
AVP and OPC-21268 in rat liver plasma mem-
branes and kidney plasma membranes. Liver and
kidney plasma membranes were prepared from
Sprague-Dawley rats of mass 300 to 400 g
(Charles River Labs) (4). Protein was measured
by the method of Lowry and co-workers (5).
Various concentrations of AVP (O and @) and
OPC-21268 (O and M) were incubated with 50
ug (protein equivalent) of liver membranes (open
symbols) or 600 pg of kidney membranes (filled
symbols) in 0.25 ml of tris buffer (100 mM, pH
8.0) containing 5 mM MgCl,, 1 mM EDTA,
0.1% bovine serum albumin, and 1.9 nM
[*H]AVP (53.6 Ci/mmol, New England Nuclear)
in the liver or 3.8 nM [*H]AVP in the kidney.
After incubation for 10 min at 37°C (liver mem-
branes) or 4 hours at 4°C (kidney membranes), 3
ml of ice-cold tris buffer (100 mM, pH 8.0) was
added to each assay tube, and bound and free
ligands were separated by filtration through a
glass microfiber filter (Whatman, GF/B) and then
washed three times. Specific binding was deter-
mined by subtraction of the nonspecific binding,
which was measured in the presence of 1 pM
unlabeled AVP. The K, and B, ,, of [*H]AVP
binding to. V1 (K = 4.2 X 10° M, B,,.. = 1.6
x 1072 mole per milligram of protein) or V2
(Kg=2.6 x10"°M, B,,,, = 0.66 x 10~'2 mole
per milligram of protein) receptors were obtained
by- Scatchard analysis of saturation binding (6)-
IC;, values were.determined from the displace-
ment curves. (B) Lineweaver-Burk analysis of
specific [SH]AVP binding in rat liver plasma
membranes in the absence (O) and presence
of OPC-21268 at concentrations of 10-7 M (A)
and 10~° M (O). (S, [*H]AVP concentration; B
and B, amount of specific [PHJAVP binding in
the presence and absence of unlabeled compound,
respectively.)
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ng/kg i.v.) or norepinephrine (3 pg/kgi.v.),
but OPC-21268 at doses of 0.03 to 1 mg/kg
i.v. produced dose-dependent inhibition of
pressor responses to AVP (30 mU/kg i.v.).
OPC-21268 at doses of 0.1, 0.3, and 1.0
mg/kg i.v. produced rightward parallel shifts
of the dose-response curves for AVP in a
dose-dependent manner (Fig. 3B). These

Fig. 3. In vivo antagonism and specificity of
OPC-21268. (A) Effects of OPC-21268 on the
pressor responses induced by AVP, angiotensin
II, and norepinephrine in pithed rats. Their tra-
cheae were cannulated under light ether anesthe-
sia, and the rats were pithed as described (7).
Immediately, artificial respiration with room air
was started with a Harvard rodent respirator. The
femoral artery and vein were cannulated for mea-
surement of arterial pressure and for i.v. injection,
respectively. Blood pressure was measured with a
pressure transducer (MPU-0.5, NEC San-ei In-
strument, Tokyo, Japan) and recorded on a ther-
mal pen recorder (Recti-Horiz 8s, NEC San-ei
Instrument). For i.v. injection, OPC-21268 was
dissolved in dimethylformamide (Wako Pure
Chemicals, Osaka, Japan), and other drugs were
dissolved in saline. The rats were injected with
drugs dissolved in a volume of 50 pl, and then
with 0.2 ml of saline. OPC-21268 was given 2
min before the injection of AVP at 30 mU/kg i.v.
(O), angiotensin II at 0.3 pg/kg i.v. (A), and
noradrenaline at 3 wg/kg i.v. (O). Values repre-
sent mean * SEM (n 3). (B) Effects of
OPC-21268 on the dose—pressor response curves
for AVP in pithed rats. The dose-response curve
for AVP was obtained cumulatively; each succes-
sive injection was given immediately after the
mazximal response of preceding dose reached. To
study the effect of OPC-21268 on AVP pressor
response, we injected vehicle (O) or OPC-21268,

results suggest that OPC-21268 competi-
tively and specifically antagonized pressor
responses to AVP in vivo.

Next, we tested whether OPC-21268 is
effective after oral administration in con-
scious rats (male Sprague-Dawley rats, 300
to 400 g, Charles River Labs). Exogenously
administered AVP (30 mU/kg i.v.) induced
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at doses of 0.1 (@), 0.3 (M), and 1.0 (A) mg/kg i.v., 2 min before treatment with AVP. Values
represent mean = SEM (n = 4 to 8). (SBP, systolic blood pressure; DBP, diastolic blood pressure.)

Fig. 4. Antagonism of orally administered A
OPC-21268 on pressor responses to AVP
in conscious rats. (A) Typical traces are E 20
shoewn. (B) Time courses of inhibitory g
effects of orally administered OPC-21268. E 10

Rats were anesthetized with pentobarbi-
tone sodium (40 mg/kg, intraperitoneal-
ly), and abdominal midsection was per-
formed on each. A  heparinized
polyethylene catheter (SP-55, Natsume,
Tokyo, Japan; tip with outer diameter 1.2
mm and inner diameter 0.8 mm pulled to
outer diameter 0.5 mm and J-shaped by
heating) was introduced into the abdomi-
nal aorta through an incision with a 26-
gauge needle, and the right jugular vein
was cannulated for i.v. administration. The
catheters were passed subcutaneously to
the dorsal side of the neck and exterior-
ized. After 2 to 3 days, the rats were placed
in individual boxes and arterial blood pres-
sure was measured as described in Fig. 3.
After reproducible pressor responses to
AVP at doses of 30 mU/kg iv. were
obtained, solvent control (5% arabic gum)
(A) and OPC-21268 at doses of 1 (00), 3
(m), 10 (@), and 30 (O) mg/kg were given
orally, and pressor responses to AVP were
monitored every 30 min for 8 hours after
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an increase in blood pressure in conscious
rats (Fig. 4). After oral administration of
OPC-21268 (10 mg/kg), the vasoconstric-
tion induced by exogenous AVP was inhib-
ited in a time-dependent manner (Fig. 4A).
The inhibitory effect of OPC-21268 was
dose-dependent, and the effect lasted for
more than 8 hours at 30 mg/kg. The 50%
inhibition dose (IDs,) for AVP-induced
vasoconstriction, was estimated as 2 mg/kg.
These data suggest that OPC-21268 antag-
onized V1 receptors after oral and i.v. ad-
ministration.

We have described an orally effective,
nonpeptide vasopressin V1 receptor antag-

onist, OPC-21268, that is more than 1000
times as selective for V1 receptors as for V2
receptors. It is expected that OPC-21268
will be a useful probe for studying the
physiological or pathophysiological role of
AVP.
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Uncoupling of the Spectrin-Based Skeleton from the
Lipid Bilayer in Sickled Red Cells

SHIH-CHUN Li1u, LAUrRA H. DERICK, SEN ZHAI, JIRI PALEK

The distribution of spectrin and band 3 in deoxygenated reversibly sickled cells was
visualized by immunofluorescence and immunoelectron microscopy. Antibodies
against band 3, the major lipid-associated transmembrane protein, labeled the entire
cell body, including the entire length of the long protruding spicule, whereas
antibodies against spectrin labeled only the cell body and the base region of the
spicules. The results suggest that the formation of long spicules during sickling is
associated with a continuous polymerization of hemoglobin S polymers, presumably
through gaps in the spectrin-actin meshwork, and a subsequent uncoupling of the lipid

bilayer from the submembrane skeleton.

with sickle cell anemia, intracellular he-

moglobin S (HbS) undergoes polymer-
ization under conditions of low oxygen ten-
sion to produce sickle-shaped erythrocytes,
often with long spicules protruding from
the cell surface. In reversibly sickled cells
(RSCs), these abnormalities disappear upon
reoxygenation. In a subpopulation of eryth-
rocytes, the irreversibly sickled cells, the
abnormal shape persists after reoxygenation,
despite the absence of polymerized hemo-
globin in the cells (7). During repeated
cycles of deoxygenation and reoxygenation,
sickled cells shed as vesicles the part of the
plasma membrane that almost completely
lacks the skeletal proteins spectrin and actin
(2). The mechanism of this membrane loss
after repeated sickling is not clear. One
possibility is that the lipid bilayer is uncou-
pled from the underlying membrane skele-
ton in the long protrusions. The disruption
of the membrane skeleton-lipid interaction
in the spicules may lead to a subsequent loss
of membrane material from the sickle-
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shaped erythrocytes upon reoxygenation.

We used the immunofluorescence and
immunoelectron microscopy techniques to
study the distribution of spectrin, a major
skeletal protein, and band 3, a major lipid-
associated, transmembrane protein, in cells

Fig. 1. Immunofluorescence labeling of band 3 (A
and B) and spectrin (C and D) in deoxygenated
RSCs. RSCs were isolated from patients with
homozygous sickle cell disease (11). A 2% RSC
suspension in phosphate-buffered saline (PBS)
was incubated at 37°C for 1 hour under deoxy-
genated conditions with humidified N to induce
cell sickling. After incubation, cells were fixed at
25°C for 30 min with glutaraldehyde (0.1 to
0.2%, final concentration) in PBS that had been
previously deoxygenated. Cells were then perme-
ated by brief treatment (25°C, 5 min) with 0.5%
Triton X-100 in PBS and washed with 0.05%
Tween 20 in PBS. Affinity-purified antispectrin or
antiband 3 antibodies in PBS with 1% bovine
serum albumin and 0.05% Tween 20 were added
to the cell sediment, and incubation proceeded
with mild shaking for 1 hour at 25°C. Cells were
then washed and incubated at 25°C for 1 hour
with a second antibody solution of fluorescein-

undergoing deoxygenation-induced sickling
in vitro.

Antibodies against band 3 labeled the
whole cell body, including the entire length
of the spicules. In contrast, spectrin antibod-
ies labeled only the cell body and the base
region of the spicules, but not the length of
the spicules, including the tips (Fig. 1). A
marked reduction in staining intensity by
spectrin antibodies in the spicule regions, as
compared to that in the cell body, was
consistently detected, regardless of the con-
centrations of spectrin antibodies used. Pre-
immune sera or secondary antibody alone
did not label the cells.

The presence of band 3, but not spectrin,
in the membrane regions laminating the
long spicules of the deoxygenated sickle-
shaped cells was further verified by immu-
noclectron microscopy. Secondary antibod-
ies conjugated with colloidal gold (15-nm
diameter) were used to label spectrin and

conjugated goat antirabbit immunoglobulin (Ig) G (Cappel, Malvern, Pennsylvania). Control samples
were incubated with the secondary antibody but without the primary antibody to ensure that the
secondary antibody did not cause any artificial background. The immunolabeled sickled cells were
washed and examined by phase contrast (B and D) or fluorescence light (A and C) microscopy. The
results show that the long spicules of deoxygenated RSCs were labeled by antibodies to band 3, but not
by antibodies to spectrin (arrows).
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