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1 The pharmacological properties of F-180, a vasopressin (VP) structural analogue, were
determined on CHO cells expressing the di�erent human vasopressin and oxytocin (OT) receptor
subtypes. Binding experiments revealed that F-180 exhibited a high a�nity for the human V1a

receptor subtype (Ki=11 nM) and was selective for this receptor subtype.

2 Functional studies performed on CHO cells expressing human V1a receptors indicate that
similarly to AVP, F-180 can stimulate the accumulation of inositol phosphate. The activation
constant (Kact) for both F-180 and AVP was 1.7 nM. F-180 was also an agonist for the human V2

and V1b receptor subtypes and an antagonist for the human OT receptor.

3 Since marked species pharmacological di�erences for vasopressin receptors have been described,
we studied the properties of F-180 on various mammalian species. F-180 showed high a�nity and
good selectivity for human and bovine V1a receptors, but weak a�nity and non selective properties
for rat V1a receptors.

4 To assess the functional properties of F-180 on a native biological model, we performed studies
on primary cultures of cells from bovine zona fasciculata (ZF). As AVP, F-180 stimulated inositol
phosphate accumulation and cortisol secretion with similar e�ciency.

5 In conclusion, we demonstrate that F-180 is the ®rst selective V1a agonist described for human
and bovine vasopressin receptors. Therefore F-180 can be used as a powerful pharmacological tool
to characterize the actions of vasopressin that are mediated by V1a receptor subtypes.
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Introduction

In mammals, the neurohypophyseal peptide arginine vaso-

pressin (AVP) exerts three major physiological actions: (i)
regulation of water reabsorption in the kidney (antidiuretic
activity), (ii) modulation of vascular tone (pressic activity)

and (iii) stimulation of ACTH secretion by the anterior
pituitary (for review see Jard, 1998). These e�ects are
triggered by three distinct receptor isoforms called: V2, V1a

and V1b. Other physiological e�ects of AVP have been
described in various organs such as: liver, brain, adrenal
gland, heart, pancreas, and uterus. Yet, all of them involve

the activation of one of the classical VP receptors isoforms
previously described (for review see Barberis et al., 1999).
The characterization of these VP receptor subtypes has

been made possible by the availability of numerous VP

receptor radioligands as well as unlabelled VP structural
analogues (for review see Barberis et al., 1999). This
pharmacological classi®cation was con®rmed later by the

cloning of three distinct genes encoding for V2, V1a and V1b

receptors (Lolait et al., 1992; Morel et al., 1992; Sugimoto et
al., 1994).

For many years, the design of speci®c agonists and

antagonists that could recognize speci®cally VP receptor
subtypes, constituted an active research ®eld (for review see
Chan et al., 2000). The design of such selective compounds

would be important for the development of useful tools with
potential therapeutic interest. Several speci®c antagonists of
the human V2 receptor (hV2-R) have been described

previously: OPC-31260 (Yamamura et al., 1992) and SR-
121463A (Serradeil-Le Gal et al., 1996). These two orally
bioavailable non-peptide analogues exhibit high selectivity for
the hV2-R but only SR-121463A presents range a�nity in the

nanomolar for this receptor. The non-peptide agonist of the
hV2-R, OPC-51803 (Nakamura et al., 1998), is more speci®c
for hV2-R than dDAVP (desmopressin) (Zaoral et al., 1967)

which presents a mixed V2/V1b pharmacological pro®le (Saito
et al., 1997; Butlen et al., 1978) and is used in the treatment of
human central diabetes insipidus. Concerning V1b analogues,
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Schwartz and coworkers described the potent selective rat V1b

receptor agonist 1-deamino[D-3-(pyridyl) Ala2]AVP (d[D-3-
Pal]VP) (Schwartz et al., 1991). However, this compound

could not di�erenciate between rat and human VP receptors
(Barberis et al., 1999; and Guillon, unpublished results). By
contrast, SR-149415, a non-peptidic V1b antagonist with
a�nity in the nanomolar range and high selectivity for human

V1b receptor has been recently described (Serradeil-Le Gal et
al., 2001). Speci®c antagonists of the human V1a receptor
(hV1a-R) have also been designed. One of the most potent V1a

receptor antagonist in rat and human species is d(CH2)5[Tyr
(Me)2]AVP that was synthetized by M. Manning (Kruszynski
et al., 1980). This compound exhibits high a�nity and

selectivity for hV1a vasopressin receptors. However,
d(CH2)5[Tyr(Me)2]AVP also shows relatively high a�nity for
human OT receptor (hOT-R), and therefore it cannot be as a

therapeutical agent (Gavras et al., 1984). More recently
various bioavailable non-peptide antagonists of the hV1a

receptors were synthesized. SR-49059, the most potent and
selective V1a antagonist yet described in vitro and in vivo in

relevant models (Serradeil-Le Gal et al., 1993), has entered
clinical trials for hypertension and congestive heart failure,
and represents an important new pharmacological tool.

Huguenin (1964) described a vasotocin (VT) analogue ([Phe2,
Orn8]VT) with high pressor activity and low antidiuretic
potency in rat. Yet, this compound presents a mixed V1a/OT

pharmacological pro®le for human receptors (Barberis et al.,
1999). On the other hand, another structural analogue of
[Phe2, Orn8]VT, F-180, was designed (Aurell et al., 1990).

Preliminary tests performed in rat indicated that F-180 is a
potent vasopressor analogue with a negligible antidiuretic
activity (Bernadich et al., 1998). Such results would indicate
that F-180 might be a potent selective V1a agonist.

To answer this question, we studied the pharmacological
properties of F-180 on di�erent biological models expressing
vasopressin and oxytocin receptors. In the present report, we

demonstrate that F-180 is an agonist with high a�nity and
selectivity for human and bovine V1a receptors. Thus, F-180
may be an important vasopressin structural analogue to

identify V1a receptor in mammalian tissues.

Methods

Chemicals

Most standard chemicals were purchased from Sigma
Chemical Co. (St. Louis, MO, U.S.A.), Boehringer Mann-
heim (Mannheim, Germany), or Merck & Co., Inc.

(Darmstadt,. Germany), unless otherwise indicated. [3H]-
AVP (80 Ci mmol71), [8,3H]-adenine (24 Ci mmol71) and
myo-[2-3H]-inositol (10 ± 20 Ci mmol71) were from Du-Pont

New England Nuclear (Boston, MA, U.S.A.).
[Arg8]vasopressin and oxytocin were supplied by Bachem

(Bubendorf, Switzerland). F-180 was synthesized by Ferring
Research Institute Inc. (San Diego, CA, U.S.A.). For

structure and synthesis see Aurell et al. (1990). SR-49059
was a generous gift from C. Serradeil-Le Gal (Sano®
Synthelabo, France). All vasopressin analogues were initially

disolved in dimethyl sulfoxide (DMSO) at 1 mM and diluted
to the desired concentration with the corresponding bu�er.
The ®nal concentration of DMSO in the assay bu�er never

exceeded 1%, a concentration which did not statistically
a�ect radioligand speci®c binding (data not shown).
GF/C glass ®bre ®lters used were obtained from Whatman

(Whatman International Ltd., Maidstone, U.K.). All other
chemicals were of the highest reagent grade available. The
origins of other chemicals used for this study are given in the
text.

Synthesis and radioiodination of vasopressin structural
analogues

Vasopressin analogues to be radiolabelled were obtained by
solid phase synthesis by M. Manning (Toledo, U.S.A.). They

were radioiodinated on the phenolic substituent by means of
the oxidant 1,3,4,6-tetrachloro-3a,6a-diphenyl-glycouril (iodo-
gen, Pierce Chem. Co.) in the presence of 1 mCi [125I]-Na

(IMS 30, Amersham, Bucks, U.K.), as previously described
by Elands et al. (1988) and puri®ed by HPLC. The
pharmacological properties of each radiolabelled AVP
analogues used in this study have been previously published.

Thus [125I]-(HO)-Phenylacetyl1-D-Tyr(Me)2-Phe3-Gln4-Asn5-
Arg6-Pro7-Arg8-NH2 ([125I]-HO-LVA) is a V1a antagonist of
high a�nity (Barberis et al., 1995). [125I]-d(CH2)5[Tyr

(Me)2,Thr4,Tyr-NH2
9]OVT ([125I]-OTA) is an OT antagonist

with high a�nity (Elands et al., 1988).

Cell culture and membrane preparation

CHO (Chinese hamster ovary) cells stably expressing hV1a-R,

hV1b-R, hV2-R and hOT-R were maintained in culture in
Petri dishes in Dulbecco's modi®ed Eagle's medium (DMEM)
(Life Technologies, Inc.) supplemented with 10% foetal calf
serum, 4 mM L-glutamine, 500 units ml71 penicillin and

streptomycin, 0.25 mg ml71 amphotericin B in an atmosphere
of 95% air and 5% CO2 at 378C. Depending on the
experiment to be conducted, cells were treated overnight

with 5 mM sodium butyrate to increase receptor expression
(Kassis et al., 1984). Membranes from CHO cells were
prepared according to Cotte et al., 1998. Brie¯y, cells were

harvested, washed twice in PBS without Ca2+ and Mg2+,
polytron-homogenized in lysis bu�er (15 mM Tris-HCl,
pH 7.4, 2 mM MgCl2, 0.3 mM EDTA) and centrifuged at
1006g for 5 min at 48C. Supernatants were recovered and

centrifuged at 44,0006g for 20 min at 48C. Pellets were
washed in bu�er A (50 mM Tris-HCl, pH 7.4, 5 mM MgCl2)
and centrifuged at 44,0006g for 20 min at 48C. Membranes

were suspended in a small volume of bu�er A, frozen and
stored at 7808C until use. Protein concentration was
measured by the method of Bradford (1976) with the Bio ±

Rad protein assay kit and using bovine serum albumin (BSA)
as a standard.

Animals and biological material

Bovine tissue samples from liver, kidney and pituitary gland
were collected from 11 ± 13 month old male calves immedi-

ately after death at a local slaughter-house, placed in ice-cold
Locke solution and transported immediately to the labora-
tory. Adult Wistar rats were killed by cervical dislocation,

decapitated and liver, kidney and pituitary gland were rapidly
removed and placed in ice-cold homogenization bu�er. All
manipulations were performed according to the recommenda-
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tions of the French Ethical Committee and under the
supervision of an authorized investigator. All tissues were
cleaned from adhering fat, dissected out, and used immedi-

ately for membrane preparation or rapidly frozen by
immersion in liquid nitrogen and stored at 7808C until use.

Membrane preparation from bovine and rat tissues

Plasma membranes were isolated as previously described by
Maeda et al. (1983) with some minor modi®cations. Brie¯y,

the di�erent tissues were minced and homogenized in 3
volumes 20 mM Tris, pH 7.4 containing 0.25 M sucrose,
0.5 mM EDTA, and 0.1 mM phenylmethylsulphonyl ¯uoride

(PMSF) (homogenization bu�er) using a Polytron homo-
genizer (IKA Ultra-Turrax T25) three times at 9500 r.p.m.
for 15 s. The homogenate was centrifuged for 5 min at

15006g and the pellet was resuspended in homogenization
bu�er, layered on a discontinuous sucrose gradient (41%
W v71) and run for 65 min at 95,0006g. The interfacial
plasma membrane fraction was diluted with : 20 mM Tris,

pH 7.9, 1.5 mM EDTA, 140 mM NaCl and centrifuged for
30 min at 95,0006g. During all the membrane preparation
procedures, the temperature was kept at 48C. Membranes

were suspended in a small volume of homegenization bu�er
and protein contents were determined. Aliquots of puri®ed
plasma membranes were used immediately or frozen in liquid

nitrogen and stored at 7808C until use. The purity of this
fraction has been previously determined with marker proteins
(Trueba et al., 1991).

Binding studies

The pelleted membrane fractions were resuspended in 50 mM

Tris-HCl pH 7.4 containing 2 mM MgCl2, and 0.1 mM

PMSF. Aliquots of membrane suspension (5 ± 10 mg protein)
were incubated in the appropiate incubation medium (50 mM

Tris-HCl pH 7.4, 2 mM MgCl2, 1 mg ml71 bovine serum
albumin (BSA), 0.01 mg ml71 leupeptine and 0.1 mM PMSF)
with increasing amounts of [125I]-HO-LVA (hV1a-R), [3H]-

AVP (hV1b-R and hV2-R) or [125I]-OTA (hOT-R), or, for
competition studies, with 25 ± 30 pM [125I]-HO-LVA, 5 ± 10 nM
[3H]-AVP or 100 pM [125I]-OTA, and varying concentrations
of unlabelled peptides in a ®nal volume of 200 ml. The

reaction was allowed to proceed at 378C for 60 min for [125I]-
HO-LVA and [125I]-OTA and 45 min for [3H]-AVP. Non-
speci®c binding was determined in the presence of 10 mM
AVP. Bound and free radioactivity were subsequently
separated by vacuum-®ltration over Whatman GF/C ®lters,
pre-soaked (for at least 2 h) either in 20 mg ml71 BSA ([3H]-

AVP, [125I]-OTA) or in 0.5% polyethylenimine ([125I]-HO-
LVA). Filters were then washed four times with 3 ml ®ltration
bu�er (5 mM Tris-HCl pH 7.4, 1 mM MgCl2,). When [3H]-

AVP was used, ®lters were dried and counted for radioactivity
in a Packard Tri-Carb 2100 TR liquid scintillation analyser.
When [125I]-radioligands were used, the radioactivity retained
on the ®lters was directly quanti®ed in a Packard CobraTMII

auto-gamma counter with 75% e�ciency.

Preparation and isolation of adrenocortical cells

Bovine zona fasciculata (ZF) cell primary culture was
performed as previously described (Bird et al., 1990). Brie¯y,

adrenal glands were cleaned and cut into ¯at sections. Thin
tissue slices were obtained using a Stadie-Riggs tissue slicer
from Thomas Scienti®c (St. Laurent, Canada). The ®rst slice

consisting in the adrenal capsule and mainly the zona
glomerulosa, was eliminated. Only the second slice was ®nely
chopped into 1 ± 2-mm pieces and washed twice in HBS
medium. Cell dissociation was achieved after 1- or 2-

incubation periods of 60 min at 378C each in DMEM
containing a collagenase mixture (1 mg ml71) plus deoxy-
ribonuclease (25 mg ml71). Cells were then dissociated by

gentle aspiration before being ®ltered and centrifuged for
10 min at 1006g. The resulting cell pellet was resuspended in
DMEM supplemented with 10% foetal calf serum,

100 U ml71 penicillin, and 100 mg ml71 streptomycin. ZF
cells were plated at a density of about 6 ± 86105 in 35-mm
tissue-culture dishes and were grown in a humidi®ed atmo-

sphere of 95% air ± 5% CO2 at 378C. The culture medium
was changed 24 h after seeding, and cells were used 3 days
after.

Steroid secretion measurements by RIA

The steroid secretion of ZF primary cultures was measured as

previously described (Tremblay et al., 1991). In brief, after 3
days in culture cells were washed and incubated for 2 h at
378C in a free serum medium (DMEM 0%). Cells were again

washed and incubated for 15 min in HBS supplemented with
NaHCO3 75 mg ml71, bacitracin 0.1 mg ml71, Trypsin in-
hibitor 0.1 mg ml71, LiCl 10 mM, glucose 1 mg ml71 and

BSA 0.1 mg ml71 (assay medium). The agonist or corre-
sponding vehicle (control) were then added, and the
incubation was continued for 2 h at 378C in a humidi®ed
atmosphere with 5% CO2 in air. The incubation was stopped

by transferring the assay medium to eppendorf tubes and
freezing at 7208C until steroid measurements were per-
formed. Cortisol concentration levels were determinated by

radioimmunoassay (RIA), as previously described (Cymeryng
et al., 1998).

Inositol phosphate assays

Inositol phosphate (IPs) accumulation was determined as
previously described (Grazzini et al., 1999). Brie¯y, CHO

cells expressing the di�erent human vasopressin/oxytocin
receptor subtypes were plated and grown in 12-well dishes for
48 h in Dulbecco's modi®ed Eagle's medium. Cells were then

incubated for another 24 h period in a serum-free, inositol-
free medium (Life Technologies, Inc.) supplemented with
1 mCi ml71 myo-[2-3H]-inositol. Cells were then washed twice

with PBS medium, equilibrated at 378C in PBS for 30 min,
and then incubated for 15 min in PBS supplemented with
10 mM LiCl. CHO cells were stimulated for 15 min with

increasing concentrations of AVP, OT or F-180. After
stopping the reaction with 5% (v v71) perchloric acid, total
IPs (IP1+IP2+IP3) were extracted and puri®ed on anion
exchange chromatography column (Dowex AG168, formate

form, 200 ± 400 mesh; Bio-Rad). For each sample, a fraction
containing total IPs was collected and counted. The same
experimental procedure was used for ZF cell primary culture

except that cells were labelled at least 2 days in DMEM
medium containing 10% foetal calf serum and 3 mCi ml71

myo-[2-3H]-inositol.
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Adenylate cyclase assays

CHO cells expressing hV2 ±R were grown as described above,

and the production of cyclic AMP assessed after 2 days in
culture as previously described (CoÃ teÂ et al., 1999). Cells were
plated in 12-well plates and [3H]-adenine was added to the
medium (3 mCi ml71) for the last day of culture. The medium

was aspirated and replaced with Dulbecco's modi®ed Eagle's
medium supplemented with 5.5 mM 3-isobutyl-methyl-
xanthine and 0.1% BSA with the vehicle alone or various

concentration of agonists for 10 min at 378C. In experiments
with antagonists, these were added 10 min before agonist
addition. After a further 10 min incubation period, the

reaction was terminated by addition of 1 ml of 5%
trichloroacetic acid. Unlabelled ATP and cyclic AMP were
added to the acid extracts at the concentration of 0.5 mM.

Relative intracellular cyclic AMP levels were determined by
measuring the formation of [3H]-cyclic AMP from the
prelabelled adenine nucleotide pool. Labelled cyclic AMP
was separated by sequential chromatography on Dowex and

alumina columns. Radioactivity present in the cyclic AMP
fractions was expressed as per cent of the sum of radio-
activity recovered in the cyclic AMP fraction and radio-

activity which was not retained by the Dowex column which
mainly corresponded to labelled ATP.

Data analysis

The radioligand binding data were analysed by GraphPad

PrismTM (GraphPad Software, Inc., San Diego, CA, U.S.A.).
The dissociation constant (KD) and the maximal binding
capacity (Bmax) were deduced from Scatchard experiments.
The inhibitory dissociation constants (Ki) for unlabelled AVP

analogues were calculated from binding competition experi-
ments according to the Cheng & Pruso� (1973)
Ki=IC50(1+[L]/KD), where IC50 is the concentration of

unlabelled analogue leading to half maximal inhibition of
speci®c binding, [L] the concentration of the radioligand
present in the assay and KD its a�nity for the AVP receptor

studied. Kact values, the concentrations of AVP analogue
leading to half maximal stimulation of second messenger
accumulations, were calculated from functional studies using
GraphPad PRISM. Kinact, the inhibition constants for

antagonists were calculated from IC50 (the concentration of
antagonist leading to half maximal inhibition of agonist
induced second messenger accumulation) using the following

equation : Kinact=IC50 (1+[H]/Kact), where [H] is the
concentration of agonist used in the assay and Kact its
activation constant.

Results are expressed as the mean+s.e.mean of at least
three distinct experiments performed in triplicate unless noted.

Results

Binding properties of F-180 for vasopressin/oxytocin
receptors

To determine the a�nity (Ki) of F-180 for the di�erent human

VP/OT receptor subtypes, we used a plasma membrane
preparation from CHO cells stably transfected with DNA
encoding the three VP receptor subtypes and the OT receptor.

As illustrated in Figure 1, whatever the CHO membrane
preparations used, AVP, OT and F-180 completely displaced
speci®c radioligand binding in a dose-dependent manner. The

Ki for each of these peptides were calculated from the
competition experiments, and are summarized in Table 1.
These data validate the binding assays used in this study, since
the a�nity of the natural peptides AVP and OT for their

respective receptors were in the nanomolar range as previously
described (for review see Barberis et al., 1999). More
interestingly, our results indicate that F-180 exhibits high

a�nity for the hV1a-R subtype (Ki=11 mM) and is selective
for this receptor isoform because its a�nity for the hV2-R,
hV1b-R and hOT-R was at least 44 fold higher.

Since both a�nity and selectivity for a given vasopressin
analogue of VP receptors may vary among the species
(Pettibone et al., 1992), we decided to measure the Ki of F-

180 for rat and bovine VP receptors. We used liver, kidney and
pituitary membrane preparations for these experiments
because, in mammals, these tissues are known to naturally
express V1a, V2 and V1b vasopressin receptors, respectively (for

review see Jard, 1998). The values summarized in Table 1
show that F-180 exhibits a similar pharmacological pro®le for
human and bovine VP receptors. For these two species, this

compound resulted to be selective for the V1a receptor subtype
in human and bovine species and presents high a�nity for this
receptor isoform. Yet, the Ki for F-180 is slightly higher than

that measured for AVP. By contrast, F-180 was found to be
non-selective for rat V1a VP receptor and exhibits a low
a�nity for this receptor subtype (Ki=478 nM).

Functional properties of F-180 on CHO cells expressing
human vasopressin receptors

To determine the agonist or antagonist properties of F-180,
we examined the activity of this compound on phosphoinosi-
tide and cyclic AMP metabolism in CHO cells expressing the

hV1a-R, hV1b-R, hOT-R, and hV2-R, respectively.
As illustrated in Figure 2A, F-180 behaves like a V1a

agonist. It stimulated IPs accumulation in a dose-dependent

manner with a maximal e�ciency that was slightly lower than
that observed for AVP (see Table 2). The concentration of F-
180 which was able to cause half maximum stimulation
(Kact=1.7 nM) was also similar to that determined for AVP

(Kact=1.3 nM). As shown in Figure 2B, F-180 was a speci®c
agonist of h-V1a receptor, since its stimulatory e�ects on
inositol phosphate accumulation was completely abolished by

SR-49059, a speci®c antagonist of h-V1a receptor (Ki=3 nM).
F-180 also stimulated IPs accumulation in CHO cells
expressing hV1b-R, yet its Kact was 460 fold higher than that

measured in CHO cells expressing hV1a-R (see Figure 3A and
Table 2). Despite this high Kact value, in good agreement with
its Ki for hV1b-R, F-180 maximally stimulated IPs accumula-

tion as AVP did. By contrast, F-180, up to 1 mM, was not
able to stimulate IPs accumulation in CHO cells expressing
hOT-R (Figure 3B). F-180 might be considered to be a full
antagonist of hOT receptor, as it fully inhibited OT-

stimulated IPs accumulation. The inactivation constant
(Kinact) of F-180 was similar to its Ki, as determined from
binding experiments (Figure 3C and Table 2).

Parallel experiments were carried out to determine the
functional properties of F-180 on hV2-R. As seen in Figure 4,
addition of F-180 resulted in a dose-dependent accumulation
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of cyclic AMP. Yet, no saturation could be observed due to
the very low a�nity of F-180 for hV2-R.

Functional properties of F-180 on ZF cells primary
culture

To evaluate the functional activity of F-180 on a native
model known to express V1a vasopressin receptor, we decided

to measure IPs accumulation and cortisol secretion in bovine
ZF cells maintained in culture (Bird et al., 1990).

Both AVP and F-180 stimulated IPs accumulation in a
dose-dependent manner in these cells (Figure 5A). Maximal
stimulations, as compared to control, were 223%+5 and

181%+4, and the corresponding Kact values were
0.15+0.04 nM and 0.41+0.03 nM for AVP and F-180
respectively. Similarly, both peptides also induced cortisol

Figure 1 Binding properties of AVP and F-180 to human AVP/OT receptors. Competition experiments using unlabelled AVP, OT
or F-180 were performed using membrane preparations from CHO cells stably transfected with DNA encoding the human wild-type
V1a-R, V1b-R, V2-R and OT-R, and [125I]-HO-LVA (A), [3H]-AVP (B and C) or [125I]-OTA (D) as radioligands. Non-speci®c
binding experiments were determined either in the presence of 1 mM AVP (A, B and C) or 1 mM OT (D). Data are expressed as per
cent of speci®c binding measured in each condition in the absence of unlabelled competitor. Values are given as the mean+s.e.mean
of three independent assays performed in triplicate.

Table 1 A�nities of AVP/OT and F-180 for vasopressin/oxytocin receptors from di�erent mammalian species

Ki (nM)
Species peptide V1a-R V1b-R V2-R OT-R

Human AVP 1.0+0.1 0.68+0.01 3.3+0.6 1.6+0.5
F-180 11.7+0.2 2100+800 410000 520+70
OT 146+20 1160+90 1540+260 0.8+0.2

Bovine AVP 10+3 10+0.5 4.0+0.9 n.d.
F-180 56+13 6400+1900 410000 n.d.

Rat AVP 0.8+0.1 0.9+0.1 0.32+0.08 n.d.
F-180 480+30 750+190 2000+300 n.d.

Binding experiments were performed with the appropriate radioligand on plasma membranes from CHO cells stably transfected with
DNA encoding for each subtype of human VP or OT receptors, or from rat or bovine liver, anterior pituitary and kidney tissues, as
described in Methods. Inhibition constants (Ki) were determined from competition experiments as illustrated in Figure 1. Values are the
mean+s.e.mean of 4 ± 6 independent determinations each performed in triplicate. n.d.: not determined.
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secretion (Figure 5B). These e�ects were saturable and dose

dependent (Kact values were 0.4+0.03 and 1.4+0.3 pM and
maximal cortisol secretion expressed as per cent of basal
value were 790%+60 and 550%+40 for AVP and F-180

respectively). As found for the human V1a receptor, F-180
was a partial V1a agonist of bovine V1a receptor. Its maximal
e�ect represented 80 and 70% of maximal AVP e�ects on IPs

accumulation and cortisol secretion, respectively. Moreover, a
preincubation with the V1a antagonist, SR-49059 (100 nM),
caused an inhibition of 92%+3 in the IPs accumulation

induced by the agonist F-180 (100 nM) on ZF cells in primary
culture. In these experimental conditions, the rate of cortisol
secretion induced by F-180 also returned to basal level in
presence of the antagonist SR-49059 (data not shown).

Discussion

Up to date, very few selective agonist of nanomolar a�nity
for VP receptor isoforms have been described. In this study,

we characterized the pharmacological properties of F-180, a

selective V1a agonist for human and bovine VP receptors.
Binding experiments performed on plasma membranes

from CHO cells expressing the human VP and OT receptors

demonstrated that F-180 is a selective analogue of human V1a

receptor. Its a�nity for this receptor subtype was at least 44
fold higher than that measured for the human V1b, V2, or OT

receptors (see Table 1). A similar selective pharmacological
pro®le was also observed for bovine VP receptors. Yet, the
a�nity of F-180 for bovine V1a-R was found to be ®ve times

lower. This loss of a�nity was still more pronounced for the
rat V1a-R (Ki=450 nM). Moreover, for this species, F-180
was found to be non-selective (see Table 1). These data
supported the existence of a strong species variability typical

of vasopressin analogues (Pettibone et al., 1992).
Functional studies performed on CHO cell lines transfected

with human V1a receptors demonstrated that F-180, like

AVP, stimulated IPs accumulation in a dose-response manner
(Figure 2). Its Kact was 6 fold lower than its a�nity (Ki)
deduced from binding experiments, suggesting a tight

Figure 2 Functional properties of F-180 on a CHO cell line expressing human V1a receptors. (A) myo-[2, 3H]-inositol prelabelled
CHO cells stably transfected with DNA encoding the hV1a-R were preincubated for 15 min at 378C with 10 mM LiCl and further
stimulated for 15 min with or without (control) increasing concentrations of AVP or F-180. Total IPs accumulated were measured
as described in Methods and were expressed as percentage of maximal AVP response. (B) myo-[2, 3H]-inositol prelabelled cells were
preincubated for 15 min at 378C with 10 mM LiCl and increasing concentrations of SR-49059 or vehicle (control). Then, 3 nM F-180
was added in the incubation medium and the reaction allowed to proceed for another 15 min period. IPs accumulation was
measured and expressed as percentage of IPs accumulated under F-180 stimulation. Values are given as the mean+s.e.mean of two
or three independent triplicate experiments.

Table 2 Functional properties of AVP/OT and F-180 in CHO cells stably transfected with DNA encoding the human VP/OT
receptors

Kact, Kinact (nM)
IPs accumulation cyclicAMP accumulation

Peptide hV1a-R hV1b-R hOT-R hV2-R

AVP 1.3+0.6 2.0+0.6 nd 0.9+0.1
OT nd nd 0.65+0.13 nd

Agonist Agonist Antagonist Agonist
F-180 Kact=1.7+0.8 Kact=790+160 Kinact=390+50 Kact410000

(71%+1) (100%+1) (1%+1) (n.d.)

CHO cells stably expressing the di�erent human VP or OT receptors were incubated with or without (control) increasing amounts of
AVP, OT or F-180. Inositol phosphate (CHO cells expressing hV1a-R, hV1b-R, hOT-R) or cyclic AMP accumulation (CHO cells
expressing hV2-R) were measured as described in Methods. Activation and inactivation constants (Kact, Kinact) were calculated as
previously described from the concentration dose response curves performed for each compound (see Figures 2, 3 and 4). Values are the
mean+s.e.mean of three independent experiments each performed in triplicate. For F-180, values in parentheses represent the maximal
stimulation of second messenger accumulation expressed as percentage of maximal AVP or OT responses. n.d.: not determined.
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coupling between the human V1a receptor, the aq/a11 G
protein and the phopholipase Cb as previously observed for
the human V1a receptors expressed in human adrenocortical

cells (Grazzini et al., 1999). The speci®city of F-180 for
human and bovine V1a receptors was further evidenced by the
use of SR-49059. This speci®c V1a antagonist for both V1a

human and bovine receptor (Serradeil-Le Gal et al., 1993;

AndreÂ s, unpublished results) was able to fully inhibit the
agonistic e�ect of F-180 both on CHO cells expressing
human V1a receptor (Figure 2) and bovine ZF cells in

primary culture.
F-180 was also shown to be an agonist of human V1b and

V2 receptors. By contrast, it behaves like a full antagonist of

human OT receptors. Similar data were also obtained using
bovine adrenocortical cells in primary culture naturally
expressing the V1a receptor (Bird et al., 1990). In this

homologous model, F-180 both stimulates inositol phosphate
production and cortisol secretion as AVP does. Yet, as found
for CHO cell lines which expressed the human V1a receptor,
F-180 behaves like a partial agonist (Figures 2 and 5). This

property was also observed in rat where F-180 was shown to
be a potent vasopressor analogue, although four times less
potent than AVP (Bernadich et al., 1998). This reduced

activity of F-180 as compared to the natural hormone is
compensated in vivo by an enhanced stability, probably due
to deamination of the N-terminal residue of F-180. Such

modi®cation reduces its sensitivity to endogenous proteases
and may explain the prolonged pressor activity of F-180
previously observed in rat (Aurell et al., 1990).

Figure 3 Functional properties of F-180 on CHO cell lines
expressing human V1b, and OT receptors: myo-[2, 3H]-inositol
prelabelled CHO cells were stably transfected with DNA encoding
the hV1b or hOT receptors. (A and B) Cells were preincubated for
15 min at 378C with 10 mM LiCl and further stimulated with or
without (control) increasing concentrations of AVP, OT or F-180.
Total IPs accumulated were measured as described in Methods and
expressed as percentage of maximal AVP or OT responses. (C) myo-
[2, 3H]-inositol prelabelled cells expressing hOT-R were preincubated
for 15 min at 378C with 10 mM LiCl and increasing concentrations of
F-180 or vehicle (control). Then, 1 nM OT was added in the
incubation medium and the reaction allowed to proceed for another

15 min period. IPs accumulation were measured and expressed as
percentage of IPs accumulated under OT stimulation. Each point
represents the mean+s.e.mean of three independent assays performed
in triplicate.

Figure 4 Functional properties of F-180 on a CHO cell line
expressing human V2 receptors. [3H]-adenine prelabelled CHO cells
stably transfected with DNA encoding hV2-R were incubated with or
without (control) increasing concentrations of AVP or F-180. Cyclic
AMP which accumulated was measured as described in Methods and
expressed as percentage of maximal AVP response. Values are the
mean+s.e.mean of 3 ± 5 independent experiments performed in
triplicate.
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In conclusion, our data show that F-180 is the ®rst potent
and selective agonist for human and bovine V1a receptors
described so far. The potential therapeutical use of a speci®c
V1a agonist is probably limited since the major physiological

e�ect of AVP in man involves water reabsorption and, to a
lesser extent, blood pressure control (for review see
Johnston, 1985). Yet, this compound may constitute a very

useful pharmacological tool to elucidate new physiological
e�ects of vasopressin acting on V1a vasopressin receptor
subtype.
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