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Hºw the turn of the 19th century, Oliver and Schaffer

demonstrated that the posterior pituitary gland contained a

vasopressor peptide which subsequently was named vasopress in

(AVP). Shortly thereafter, the powerful water reabsorption

action of this peptide at the renal level was recognized and it

therefore was referred to as the antidiuretic hormone. This

peptide was isolated and synthetized by du Vigneaud in 1951,

but it was only in 1974 that a sensitive radioimmunoassay for

this hormone was developed. Fventually, potent and specific

antagonists of this hormone at the vascular level were designed

in 1980.

AVP plays a major role in the regulation of the volume and

osmolality of body fluids via its ability to promote water

reabsorption in the kidney but also provokes vasoconstriction

and blood pressure increase (1). The physiological relevance of

the hermodynamic actions of AVP often has been denied and its

vasoconstrictor action long has been regarded as a

pharmacological property used for :

– the induction of an experimental coronary spasm,

– the treatment of digestive he orrhages and sickle cell

disease attacks of hematuria.

However, there is now growing experimental evidence that



endogenous AVP plays a role in blood pressure control. This

assertion is supported by the following experimental evidences:

– in isolated vessel preparation in vitro, AVP is the rost

powerful vasoconstrictor agent known, more potent even than

angiotensin II and cat echolamines (2). In addition, AVP

potentiates the vasoactive action of the preceding

vasoconstrictor agents.

– in conscious animal, physiological circulating levels of AVP

have obvious cardiovascular effects (3).

– the development of specific and sensitive radioimmunoassays

for AVP has revealed abnormal levels of this hormone in various

physiological and pathophysiological states chall enging the

cardiovascular homeostasis (dehydration, herorrhage, cardiac

failure, adrenal insufficiency, hypertension, (4)).

– Finally, the development of potent and specific peptidic

antagonists of the vasoconstrictor effect of AVP has made it

possible specifically and reversibly to block the

cardiovascular action of endogenous AVP (5–7).

For instance, in hypertensive models characterized by high AVP

circulating levels, AVP antagonists induce the hypotensive

response expected from the blocking of the effects of the

endogenous hormone on vascular tone.

To better de lineate this vasoactive action of AVP in human

physiology and pathophysiology, it is mandatory to develop

additional tools such as:

tº."



– easily accessible models of AVP receptors,

– orally active specific and potent AVP antagonists acting at

either the rena l or vascular level.

The characterization of AVP receptors will certainly help

design this new class of pharmacologically active agents.

A large array of biological effects for AVP has been described,

including water reabsorption, contraction of sinooth muscle

cells and glomerular mesangial cells, liver glycogenolysis and

neoglucogenesis, cardiac positive chronotropic and negative

inotropic effects, plate let aggregation, mitogenic action on

several cell lines and menory processes a literations. The use of

AVP structural analogues suggest that all the observed effects

of this hormone are mediated through specific receptors at the

cellular level.

Two classes of AVP receptors can be distinguished on the basis

of their rode of action at the cellular level (9-12):

1) the vascular type (or V1 type) which acts through an

increase of the intra cytosolic calcium concentration and a

stimulation of phosphatidyl inositol turnover. This class of

receptors is known to mediate the effect of AVP on blood vessel

constriction, liver glycogenolysis and blood plate let

aggregation.

2) the renal type (or V2 type) which interacts with the

membrane adenylate cyclase system and which is responsible for

the water reabsorption action of this hormone at the renal



level.

In animal preparations, smooth muscle cells or liver extracts

are used for investigating AVP specific receptors of the

vascular type (9,10), whereas kidney preparations are used to

study AVP renal type receptors (11). These tissues are rarely

available from man. For this reason, Plock et al (12) used

human riononuclear phagocytes to characterize specific AVP

receptors which presumably are of the renal type.

Pecause Haslam (13) showed that AVP aggregates human plate lets

in the presence of calcium and thus suggested "a parallel

between plate let aggregation and the contraction of smooth

muscle", we attempted to demonstrate that AVP would bind

specifically to these human cells and to identify the type of

receptor involved. In fact, human plate let membranes possess

specific binding sites for 3H-Arginine-8-AVP ([3H] AVP). The

pharmacological characteristics of these binding sites are

consistent with those of the V1-vascular type of AVP receptor.

Accordingly, plate lets may become a useful tool for exploring

further the Cardiovascular effects of AVP in man.

MATER IAI, AND MET OTS

- Pharmacological agents

The radiol igand [3H] AVP was purchased from New England Nuclear

(Poston, Mass). Its radiochemical purity was checked by high

pressure liquid chromatography ( PLC) with a reverse phase C18



column from Waters using a gradient from 23% to 29%

acetoni trile and 0.01" ammonium n acetate, pH 6.7. The specific

activity of [3H] AVP was close to 55 Ci/prnol. Povine serum

albumin, AVP, creatine phosphate, creatine phosphokinase, HCTA,

beta-mercaptoe thanol, ATP, cyclic A P, GIP, epinephrine,

5'-guanylyl imidodiphosphate (GonM p), forskol in and

prostagland in F1 were obtained from Sigma Chemical Co (St

Louis, Mo). The AVP analogues listed in table 1 were generous

gifts of Or. Hofbauer (Ciba-Geigy, Switzerland), Dr. Mulder

(Ferring AH, Falmo, Sweden) and Dr. Manning (Toledo, Ohio) or

were purchased from Peninsula laboratories (San Carlos, Ca ).

- Plate let particulate preparation

Individual 50 ml units of 5-day old plate let concentrates were

purchased from the local blood bank. These units were prepared

from 450 ml of human blood collected into polypropylene bags

containing 63 ml of a citrate-phosphate-dext rose-adenine

solution (CPDA each 63 ml contains 2 g glucose, 1.66 a sodium

citrate anhydrous, 206 mg citric acid, 140 mg sodiurn

biphosphate and 17.3 mg adenine). The plate let concentrates

were spun at room temperature for 15 min at 180 g to sediment

the residual erythrocytes. The plate let rich plasma was removed

and spun at room temperature for 15 min at 1165 g to sediment

plate lets. The plate let pellet was suspended in 1.5 ml buffer

(Tris Hel 50 m 1 + FIYTA 5 m pH 7.4) then frozen in liquid

nitrogen. The preparation was allowed to thaw at room

temperature and transferred to high speed centrifuge tubes.



High speed centrifugation (30,000+g for 15 min at 4 degrees C)

was repeated 3 times after rinsing the nel let with 5 ml of cold

buffer. The washed pellet was resuspended in 2.5 ml of buffer

and stored frozen at –70 degrees. All the previous steps were

carried out with plastic material, and repeated saturation

analysis showed that the receptor was stable under these

conditions for a period of up to 3 months.

– Hormone binding assays

For the binding assays, plate let particulate a liquots were

thawed and diluted (.8 to 1 mg/ml final concentration

determined with Pradford's method (14)) in the assay buffer

containing 50 mM Tris-HCl and 4 m gCl2, p. 7.4. Duplicate

samples were incubated at 30 degrees in 5 ml polypropylene

plastic tubes (Sarstedt, West Germany) in a final volume of 250

ul containing 1mg/ml bovine serunn album in and different

concentrations of [3H] AVP ranging from .3 to 12 nºt.

For saturation and competition analysis, the incubation time

was 30 min. For competition experiments with the structural

analogues of AVP, 13 concentrations of these compounds were

added to the reaction mixture containing 1 to 2 nºt [3H]-AVP.

Incubation was terminated by adding 5 ml of ice-cold assay

buffer and free separated from bound [3H] AVP by rapid (1

ml/sec) filtration over Whatman GF/C glass fiber filters

previously soaked in assay buffer plus album in 1 mg/ml for 1

hour. The filters were rinsed 4 times with 5 ml buffer and

transferred to vials containing 4 ml of Hydrofluor (National



diagnostics, N.J.) as scintil lation fluid and the radioactivity

was determined in a Packard Tricarb scintil lation counter at an

efficiency of 52%. The stability of the tracer in the

incubation rhedium was checked before and at the end of the

incubation period by HPLC and thin layer chromatography.

Unspecific binding of [3H] AVP was defined as radioactivity

bound to plate let particulates which was not competed by 100 nºt

of unlabel led AVP. Specific binding was therefore defined as

total binding minus unspecific binding.

- Adenylate cyclase activity assay

Adenylate cyclase activity was determined by measuring the

formation of [32P) cyclic A P from [alpha-32P1ATP (Amersham, Des

Plaines, Ill., 23 Ci/Trºol) in an incubation mixture (total

volune 100 ul) containing 50rn HEPES, pH 8.0, 4t MgCl2, 0.2 m

}{TA, 100 m NaCl, 2 m beta-mercaptoethanol, 0.1% bovine serum

albumin, 10 rºº creatine phosphate, 10 U/ml creatine

phosphokinase, 0.4 m + ATP, 1 m cyclic A P, 1 uCi of

[alpha-32P]ATP, 100 u GTP and human plate let preparation (40

ug of protein per tube). [3] cyclic A P (New England Nuclear,

Poston, Mass, 32 Ci/mmol ) was added (30,000 cpm) to determine

recovery. For certain experiments (as noted in the results

section of this paper), appropriate concentrations of AVP,

epinephrine, prostaglandin E1 and/or forskol in were added to

the incubation Inixture. After incubation for 10 min at 30

degrees, 2 ml of a stopping solution (1% sodium lauryl sulfate,

10 rij cyclic AMP and 50 rºº ATP) was added. [329] cyclic A P and



[32PIATP were separated according to the method of Salo on et

al (15) and the amount of [32P) cyclic A P and [3H]cyclic A P

was measured in a Packard scintil lation counter. Incubations

were done in triplicate and the picomoles of cyclic A P formed

were calculated from the armount of [32P) cyclic A P corrected

for the recovery as determined by [3H]cyclic A P (usually 92 +

2%).

- Plate let aggregation measurement

Venous blood (20–40 ml ) was drawn on 0.01% heparin (1000 IU/ml )

by antecubital venepuncture from human volunteers who denied

taking any drug for the previous 2 weeks. Plate let-rich plasma

(300,000 plate lets/mm3) was prepared as described above and

plate let aggregation was measured at 37 degrees in a Payton

aggregorieter connected to a Fisher Pecordall recorder. The

maximal change in light transmittance after addition of AVP or

analogues was determined. When antagonism of the action of AVP

by specific antagonists was studied, plate lets were incubated

with the antagonist for 30 seconds before the addition of AVP.

– Statistical evaluation

Values given in the text, figures and tables are mean + S. F.M.

of n experiments. Data from saturation and competition analysis

were analyzed using an iterative nonlinear least squares curve

fitting program. The program and the mathematical models upon

which the program is based are described elsewhere (16). For

the saturation experiments, data analysis was done using the

following equation



| PL} = Y, (Pt. 1-II■ D (ILF) + ■ ka, ))
where [PI.] = concentration of bound tracer, [Ptil = total

concentration of receptors i, Lf = concentration of unbound

tracer and Kai = dissociation constant of receptor i.

Parameters estimation was corpared with an increasing number of

parameters and the number of parameters (n) chosen was that

which resulted in a statistically significant improvement in

residual variance over (n-1) parameters. This mathematical

model was used with both total binding and specific binding

determined in the presence of a large amount of unlabel led AVP.

IC 50 values for inhibition of 3H AVP binding by different

agonists and antagonists were determined from dose-response

curves as described and converted into Ki values according to

the equation of Cheng and Prusoff (17)

Ki = IC 51)/(1+L/Kd)

where IC 50 is the concentration of the competing agent which

inhibits specific 3 AVP binding by 50%, I, is the concentration

of 3H]AVP (1–2 n\") and Kö is the equilibrium dissociation

constant for [3H] AVP binding determined from saturation

experiments.

For plate let aggregation experiments, the effect of AVP was

analyzed using the following equation:

E/Fmax = I / (L4 FC50)

where F = degree of plate let aggregation induced by AVP for a

given concentration, Emax = raxirmum effect induced by AVP, I, =

corresponding AVP concentration and FC50 = concentration of AVP



inducing 50% of maximum aggregation.

In the presence of a vasopress in competitive antagonist, the

following equation was used:

F/ Ernax = I./ (L+EC50* (1 + I / I 50))

where I = concentration of the competitive antagonist and I 50

affinity constant of this antagonist.

10
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RESULTS

1) Kinetics of [3H]AVP binding to human plate let particulates:

The amount of [3H] AVP that binds to human plate let particulate

varies as a function of the protein concentration (figure 1).

With a protein concentration between .2 and 1.5 mg/ml, a linear

increase in specific binding of [3" |AVP (2 n. 1) was noted (r =

0.99, n = 3 exp. ). The binding of [3H] AVP was also dependent on

the time of incubation (figure 2). At a concentration of 2 n■

[3H] AVP, the amount of specifically bound hormone increased

with time and reached an equilibrium value of 78 + 2% of total

binding within 30 min. The rate constant for the pseudo first

order association reaction , kobs, was 0.128 min-1, calculated

from the following formula : In (Feq/ (Peo-R)) = kobsº time.

Specific binding of [3H]AVP was rapidly reversible, as shown in

figure 3. In order to demonstrate reversibility, plate let

particulates were incubated with 1 to 2 n\! [3H] AVP for 30 min;

thereafter a high concentration (100 nM final) of AVP was added

to the incubation mixture and specific binding was determined

at serial time intervals after AVP addition. In label led AVP

rapidly replaced [3H]AVP from the binding sites. After 60 min

a limost no [3H] AVP was specifically bound. The dissociation rate

constant was 0.036 min-1, calculated from the formula : In

(P/Peq) = k2+ time.

The second order rate constant for the association reaction,

k1, can be calculated from the equation : k1 =
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(kobs—k2) / ( [3H] AVP) where [3H] AVP = concentration of tritiated

AVP used in the experiment. It was 0.043*10 9 1-1+min-1. Thus,

the equilibrium dissociation constant (KG) for [3H] AVP binding

determined from the ratio k2/k1 was 0.83 m, 1.

2) Concentration of [3H] AVP binding sites in plate let

particulates:

Spec fic binding of [3H] AVP augmented with increasing [3H]AVP

concentrations reaching a steady state between 3 nºt and 6 n\". A

typical binding experiment is shown in figures 4. Computer

analysis using total binding data indicated the presence of one

class of high affinity binding sites ( Kd = 1.01 + 0.06 nºt,

maximal concentration of binding sites = 100 + 10 fºoles of

[3H] AVP per mg of protein, n = 12 exp.) plus non specific

binding ( 0.0143 + 0.001). Corputer analysis using specific

binding data (in the presence of 100 nM unlabelled AVP, final

concentration) also indicated the presence of one class of high

affinity binding sites with identical characteristics (KG =

1.03 + 0.08 nº, maximal concentration of binding sites = 100 +

6 frnoles of [3H]AVP per mg of protein. These Kol values are in

good agreement with the value obtained from kinetic studies.

GppNHp (.1m :) had no significant effect on saturation

experiment parameters (Ka = 1.05 + 0.09 vs 0.96 + 0.11 nº and

maximal concentration of binding sites = 96 + 7 vs 88 + 10

frnol/mg protein, n = 6 exp. ). Sodium chloride (150 m.) reduced

the binding capacity by 50% but it did not modify Kd value (n =
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6 exp. ).

3) Characterization of [3H] AVP binding sites to human plate let

particulates:

- Several AVP agonists were tested for their ability to compete

for specific 13H] AVP binding. Analysis of the agonists'

competition for [3H] AVP binding indicated the presence of a

single and homogeneous class of binding sites on human

plate lets (figure 5). The dissociation constants for AVP

agonists (n = 3 exp. for each analogue tested) in human

plate let particulates are shown in table 2. Gpprºp did not

modify significantly the inhibition by unlabel led AVP of

[3H] AVP binding (pKa = 8.86 vs 8.72, n = 3 exp.) As indicated

in figure 6, there was a significant correlation between the

binding dissociation constant values of these agonists and

their corresponding vasopressor activities ( r = 0.87, p =

0.002), whereas there was no correlation between the same

binding dissociation constants and their antidiuretic potency

(r = 0.28, p = 0.47).

- Vasopress in antagonists were also tested for their ability to

compete for specific [3H] AVP binding. Analysis of antagonists

competition for [3H] AVP binding sites indicates a single and

homogeneous class of binding sites on human plate lets (n = 3

exp. for each analogue tested). The Ki values for inhibition of

[3H]AVP binding to human plate let particulates by AVP

antagonists are listed in table 3. There was a significant
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correlation between the Ki values of these antagonists and

their p^2 values for vasoconstrictive activity ( r = 0.99, p =

0.007) whereas no such correlation was found for the pa2 value

for antidiuretic activity. Finally, serotonin, epinephrine,

norepinephrine, acetylchol ine and angiotens in II (at

concentrations up to 10–3 M) did not compete for [3H]-AVP

binding.

4) Effect of AVP on adenylate cyclase activity:

The production of cyclic AMP in plate let preparations in the

presence of GTP alone was 26.35 + 2.76 prol/rg protein/min

(figure 7a). AVP did not further stirrulate cyclic A P

production with the same conditions. On the contrary, AVP

reduced basal cyclase activity by respectively 2% for AVP

10–15M, 12% for AVP 10–10M and 22% for AVP 10–6A1 whereas

epinephrine 10-4” reduced basal adenylate cyclase activity by

30% (n 11 for the entire series of experiments).

Prostagland in F1 10–6M increased cyclic AMP production to

465.27 ± 90.02 pmol/mg protein/min (figure 7b). Only the high

concentration of AVP (10–61) was able to reverse partially the

stimulatory effect of prostagland in E1 (–17%) to the same

extent as epinephrine 10-4” (–15%), (n = 8 for the entire

series of experiments).

In the presence of forskol in 10-4 1, cyclic AMP production

increased to 718.56 prol/mg of protein/min (figure 7c). The

addition of AVP did not significantly modify forskol in action
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whereas epinephrine 10–4. partially blocked it (–9%).

5) Effect of AVP on plate let aggregation with or without

specific antagonists:

AVP-induced aggregation of plate lets in heparinized

plate let-rich plasma in a dose-dependent fashion with FC50 = 28

+ 2 nM (n = 8 exp.). Neither the vascular antagonist

d(CH2)5Tyr (Me.) AVP nor the renal antagonist d(CH2)5OI leu/\la AVP

had any effect on plate let aggregation when used a lone (data

not shown). The vascular antagonist (figures 8 and 10) potently

blocked the aggregating action of AVP with a pA2 value of 8.10

+ 0.23 (n = 4 exp.), whereas much greater concentrations of the

renal antagonist (figures 9 and 10) were required in order to

exert the same effect (pa2 = 6.67 + 0.12, n = 4 exp.). The 150

values for the vascular and rena l antagonists in these

experiments were respectively 8 + 2 and 232 + 4 nM, in the same

order of magnitude of their corresponding Ki values derived

from the cornet it ion experiments of AVP binding to plate let

particulates.
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H) ISCUSSION

This study shows that blood plate lets may prove a convenient

biological tool for exploration of AVP receptors in man. It

also further supports Haslam's observations that human plate let

AVP receptors belong to the V1 or vascular class (13). [3H]-AVP

specifically binds to a low capacity high affinity single class

of sites on human plate let particulates. [3H] AVP specific

binding is saturable with time, it is dependent on the

concentration of both the ligand and protein preparation and

it is reversible. The analysis of binding at equilibrium

revealed an apparent dissociation constant of 1.01 nM. The

dissociation constant value obtained from the kinetic

experiments was 0.83 nM and that value derived from the

competition experiments with unlabel led AVP was 1.22 nºt. These

values are consistent and are in agreement with the

dissociation constant values reported in the literature for AVP

specific receptors, which range from 0.4 to 38m", varying with

the type of preparation and the species investigated (9-12,

18–24). The same is true for the maximum binding capacity of

our preparation (100 frnol/mg), which is within the range

reported in the literature for AVP receptor concentrations in

different tissues (24).

It is worth noting that the binding parameters estimates we

found were identical, whether we used total binding data or

specific binding data in the presence of an excess of
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unlabel led hormone. It indicates that our mathematical rode 1

adequately fitted the binding parameters Kd and Hºmax, therefore

making it unecessary to include experimental data points with

unlabel led horrone. One may consider this alternative approach

when characterizing a new receptor without previous in formation

about the affinity ratio between the high affinity binding site

and non saturable binding. In that case it is difficult to

choose the appropriate concentration of the unlabel led horrone

which is supposed to compete only for the high affinity site.

The V1 (vascular type) and V2 (renal type) AVP receptors

clearly differ with respect to the specificity of their

respective binding sites and to their coupling with the

adenylate cyclase system. In our study, we have used several

approaches to show that AVP receptors present on human plate let

membranes are of the V1 vascular type. Previous studies have

shown that AVP receptors from several species discriminate

armong neurohypophyseal peptides and closely related synthetic

structural analogues (9–11, 18–21). For the series of analogues

we tested in competition experiments, we found a highly

significant correlation between their relative affinities for

binding to the preparations and their relative vasopressor

potencies in vivo whereas no correlation between binding

affinities and antidiuretic potencies was disclosed. Such

specificity for the hormonal binding-effect relationship

suggest that the binding sites on human plate let are of the V1
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(vascular) type.

This notion is supported by the significant correlation found

between the apparent affinities of AVP antagonists for binding

and their corresponding vascular p^2 values and by the lack of

correlation between their binding affinities and their renal

pA2 values. Finally, other potent vasoactive agents such as

epinephrine, norepinephrine, serotonin, acetylcholine and

angiotensin II did not interfere with [3H]AVP binding,

confirming the specificity of [3] AVP binding.

The effect of AVP on cyclic AMP production is a valuable tool

for differentiating renal type receptors (st irtulating cyclic

AMP production) from vascular type receptors (acting through

calcium mobilization). In this study, the absence of increased

cyclic AMP production in the presence of physiological amounts

of AVP and even the reduction of cyclic A P production for

higher vasopessin concentration argue against a renal type of

receptor on human plate lets. This inhibitory effect of AVP on

plate let particulate production of cyclic A P recently has been

reported by Vanderwel et a l (25). These authors also found that

AVP concentration causing half maximal inhibition of adenylate

cyclase activity was 1.2 + 0.4 nº. However, previous

observations using intact plate lets (26) or cultured aortic

smooth muscle cells (also bearing V1 AVP receptors, (9)) showed

that AVP had no detectable effect on cyclic A.P production in

these intact cells. Despite the fact that in both intact and

broken cell preparations AVP did not stimulate cyclic A P
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production (therefore ruling out a renal type receptor) one

might wonder why no cyclic AMP production is encountered with

intact cells whereas cyclic AMP inhibition is reported with

broken cell preparations. This suggests that unidentified

factors ray exist that modulate the effector system with which

the AVP-V1 receptor complex interacts. In addition, further

investigations are needed to find out whether the efect of AVP

on cyclic AMP production is directly linked to the adenylate

cyclase system or whether it is secondary to the activation of

cyclic GMP-dependent protein kinase G and calcium dependent

protein kinase C (27).

We confirm that AVP causes plate let aggregation with an EC50

value (28 nº) similar to that reported by Vanderwel (27 n' ')

using the same type of preparation (25). Thomas (28) recently

reported that a selective AVP V1 antagonist (d (CH2)5AVP) and a

selective V2 agonist (DDAVI') potently inhibited AVP-induced

plate let aggregation. Thomas also showed that the response to

partial agonists (Oxytocin, 1.deamino AV2) was enhanced by

increasing the cytosolic calcium concentration and therefore

concluded that plate let AVP recptors were of the V1-vascular

type. We confirm this conclusion by demonstrating that

AVP-induced aggregation was inhibited more efficiently by a

specific vascular antagonist (p42 = 8.10) than by a specific

renal antagonist (p42 = 6.67). Moreover, the respective pºž

values of these 2 antagonists were in close agreement with

previously reported pa2 values of these agents for in vivo
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antivasopressor effects (respectively 8.62 and 6.03). The close

correspondence between the pa2 values of these antagonists in

plate let aggregation experiments and their pKi to compete for

[3H] AVP binding (respectively 8.59 and 6.93) in lies that very

similar if not identical receptors mediated both effects.

The values we found for AVP binding dissociation constant (1n: )

and for AVP-induced plate let aggregation (28m i) are well in

agreernent with literature data but are different from each

other. Vanderwel et a l (25) also noted a difference between AVP

effect on adenylate cyclase activity of plate let particulates

(Ki = 1.2 n. 1) and AVP effect on intact plate lets aggregation

(FC 50 = 27 nº). This might suggest that different classes of

receptors mediate both effects. However, diff rent experimental

conditions (intact plate lets versus plate let particulates and

different temperatures of incubation, for instance) can readily

explain these differences.
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TABLE 1 Vasopress in structural analogues used

Compound Abbreva tion id

Agonists

[8-Arginine |vasopress in AVP a

[8–Lysine |vasopress in LVP h

Oxytocin (XY C

Arginine-Vasotocin AVT d

[1-Deamino, 8–1)-Arginine |vasopress in (I)AVP e

[8–1)-Arginine) vasopress in 8|YAVP f

[1-Deamino, 8-Arginine vasopress in dAVP * *

[2-Phenylalanine, 8–Ornithine oxytocin Pho?()rn 8(fT h

[1}earnino-)icarba, 8-Arginine | vasopress in G|XCAVP i

Antagonists

[1-deaminopenic ill amine, 4-Val ine, 8–)-Argin inelvasopress in:

dlºv, YAVP j

[1-(beta- tercapto-beta, beta-cyclopen tamethylenepropionic acid),

2-(O-Methyl)"[yros ine, 8-Arginine |vasopress in:

d(CH2)5Tyr(\e)AVP k

[1-(beta-Mercapto-beta, beta-cyclopen tarnethylenepropionic acid),

2–D– Isoleucine, 4-Val ine, 8-Arginine vasopress in:

d(CH2)51) I leuVal AVP |

[1-(beta-■ ercapto-beta, beta-cyclopontamethylenepropionic acid),

2–)- I soleucine, 4–Alanine, 8-Arginine vasopress in:

d (CH2)5]) I leu.Ala AVP m
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TAHLF 2 Affinitv constants for binding of vasopress in and agonists to

hu an plate let membranes : relation to vasonressor and antidiuretic

activities

Compound nki Vasopressor Antidiuretic

Activitv Activity

(U/mº.) (U/mº.)

AVP 8. 85 369 369

Phe 20m'n 9(JT 8.54 120 . 55

1GAVP 8. 38 37 () 139 ()

AVP 7. 92 196 274

dl XXAVP 7.64 23 85

IVP 7. 63 27() 27 ()

CH)AVP 6. 90 . 47 955

(XY 6.78 4 4. 3

81)AVP 6.53 1.1 257

For abbrevations, see table 1. Values of nº i are the mean of 3

independent determinations obtained as indicated in the legend to

figure 5. pki = - loºki, Ki = dissociation constant (, ).

Pharmacological data (vasopressor and antidiuretic activities) corne

from references 2–4, 6, 17, 26 and 27.
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TAI'IF 3 Inhibition constants for binding of vasopress in antagonists

to human plate let membranes

antiant idiuretic activities

Compound

d(CH2)5Tyr (; e)AVP

dPVI)AVP

d(CH2)51) I leuVal AVP

d(CH2)5■ ) I le 1A la AVP

pki

8.59

8 . () 2

pA2

anti

vasopressor

8. 69

7.82

6.94

6. ()3

: relation to antivasopressor and

pA2

anti

antidiuretic

agonist (0.3 U/mg)

agonist (123 U/mº.)

7.98

7.76

For abbreviations, see tablo 1. Values of nº i are the mean of 3

independent determinations obtained as indicated in the legend to

figure 5 . pki = - log Ki; Ki = dissociation constant ( ). DA2 is the

negative logarithm of the rolar concentration of antagonist that

reduces the response to 9% units of agonist to equal the response to

1* units in the absence of antagonist. Values in the table are in vivo

pA2 values from references 2-4. They were estimated by assuming a

volume of distribution of the antagonist equal to that of vasopress in.



~~~~~~̂
'

ºvviaiv■ cisdav-14■ ,



30

Figure 1. Specific binding of [3] J1AVP as a function of human

plate let particulate protein concent ration.

Protein concentrations between . 2 and 1.5 m; /ml were incubated

with 2nd of [3H] AVP for 30 min at 30 degrees C. Specific

binding was measured in the presence of 100 nº unlabel led

hor one (n = 3 exn., r = 0.99)
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Figure 2. Specific binding of [3] il AVP to hunan plate let

particulates as a function of time.

Plate let particulate preparations (.8 to 1m, /ml) were incubated

with [3]"] AVP (1–2 n :) in the presence of excess unlabel led AVP

(100 nºj) at 30 degrees C. and specific binding was determined

at various time intervals between 2 and 90 min.

Inset: Pseudo-first order kinetic plot of [3H] AVP specific

binding versus time:

Ln (Heq/ (Red-H)) = Kobs” t, where H = amount of [3H] AVP bound at

each time t, Ped - amount of [3H]AVP bound at equilibrium, (n =

3 exp., Kobs = 0. 128 min-1, r = 0.99).
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Figure 3. Reversibility of [3H]AVP specific binding to human

plate let particulates.
Plate let particulate preparations (.8 to 1 mg/ml) were

incubated with [3H] AVP (1–2 m () for 30 min at 30 degrrees C.,

after which an excess of unlabel led AV!” (1 () () nº final

concentration) was added. The tire of unlabel led AVP addition

was defined as t = 0 and {3}}]AVP specific binding was

determined at the indicated subsequent time intervals.

Inset: First order kinetic plot of the dissociation of [3H]-AVP

binding versus tire: In (i'/Feq) = k2*t, where R = arount of

[3H] AVP bound at each time t after the addition of unlabel led

AVP, Peo = amount of [3] []AVP bound immediately prior to the

addition of unlabel led AVP, (n = 3 exp., k2 = 0.036 rhin-1, r =

–0. 97).
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Figures 4. Hinding of [3] : ]AVP to human n late let particulates as

a function of [3H] AVP concent ration.

Platelet particulate preparations (.8 to 1 mg/ml) were

incubated for 30 min at 30 degrees C. with various

concentrations of [3H] AVP ranging from . 3 to 12 n . The figures

show a typical experiment with a protein concentration =

1mg/ml.

Insets: Scatchard arrays of [3H]AVP binding. The ratio H/F of

hound [31]]AVP to free [3H]-AVP is plotted as function of P =

hound 3H-AVP.

Figure 4a: total hinding of [3H]AVP.

In that experiment, Hmax = 104 frol ■ ing and Kd = 0.96 nº.
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Figure 4): specific binding of [34] AVP in the presence of 100n

Of unlabel led AVP.

In that experiment, triax = 96 frol /rº, and KG = 0.85 n”.
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Figure 5. Inhibition ov AVP analogues of [3] [] AVP specific

binding to human plate let particulates.

Plate let particulate preparations (.8 to 1 mg/ml ) were

incubated with [3] : ] AVP (1–2 n. 1) for 30 min at 30 degrees C. in

the absence or presence of 13 different concentrations of the

conne titor, (n = 3 exp. for each analogue).

Full circles represent cornet it ion with unlabel led AVP which

has the highest nºi value (8.85) whereas full triangles

represent competition with 8 AVP which has the lowest plki value

(6.53).

The letters stand for the plki valuos of the corresponding

compounds listed in tal, le 1.
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Figures 6. Relationships between AVP agonists binding to human

plate let particulates and their vasopressor or antidiuretic

activities in vivo.

Graphs were constructed using data given in table 2. p■ i = -

log Ki, Ki = binding dissociation constant at equilibriurn for

the corresponding analogue, ( ). For vasopressor and

antidiuretic activities references, see table 2.

Figure 6a : relationship between binding dissociation constant

and vasopressor activity (r = 0.87, p = 0.002)

>
H

-

> Od
F
O
<[
OY
O
$2
Lll
CY
0
O
3.
>
ll
O

8
-l | | |

6 7 8 9



37

Figure 6b : relationship between bindinº dissociation constant

and antidiuretic activity (r = 0.28, p = 0.47)
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Figures 7. Fffect of AVP on adenylate cyclase activity of human

plate let particulates.

Plate let particulate preparations (20 to 40 up ) were incubated

for 10 min at 30 degrees C. in the presence of indicated

concentrations of AVP, epinephrine, prostaq land in F1 and/or

forskol in.

After testing honogeneity of variance of the data with Levene's

test, statistical analysis used two-way analysis of variance on

hlocked data and 1}unnett's procedure for multiple comparisons,

(* = n < 0.05, ** = n < 0.01).

Figure 7a: effect of AVP alone (n = 11).
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Figure 7b; effect of AVP in the presence of prostag land in F1 (n

= 8).
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Figure 7c : effect of AVP in the presence of forskol in (n = 8).
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Figure 8. Aggregation of plate lets in human heparinized PIPP

induced by AVP alone or in the presence of 4 different

concent rations of the specific renal antagonist

d(CH2)5DI leuVal AVP.
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induced by AVP alone or in the presence of 4 different -
t". . .

concentrations of the specific vascular antagonist

d(G12)5Tyr(\le)AVP.
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Figure 10. Shild plots of the effects of the vascular and renal

antagonists on AVP-induced platelet aggregation. Log ( (L'/L) —

1) = Lo■ I – I of 150, where L and I," = concentrations of AVP

alone and in the presence of the antagonist causing

half-maxiram plate let aggregation and pa2 = - I of 150. Values

are the mean of 4 senarate experiments for each antagonist. DA2

values were respectively 8.10 + 0.23 and 6.67 + 0.12 for the

vascular and rena l antagonists. The corresponding slopes are

().99 and 0.92
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