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• Snmmary--Oxytocin (OT) and VI vasopressin (VP) receptors are present simultaneously in 
several tissues, including the uterus. In myometrium these receptors mediate contractility, 
while in endometrium they mediate the release of other uterotonic substances as endothelin 
(ET). In rabbit myometrium, estrogens increase, while progesterone blunts neurohypophysial 
hormone receptors. However, the action of sex steroids on OT and V1 VP receptors differs 
in terms of the EDs0 and maximal effect. Therefore, at parturition, only OT receptors show 
a dramatic rise, while V1 VP receptors do not change, suggesting a major role for OT in labor. 
ET is a potent stimulator of uterine activity acting through specific receptors present on 
myometrial cells. These receptors as well as the endometrial localization of ET are modulated 
by sex steroids, indicating that ET might represent a paracrine regulator of uterine activity. 
In humans, OT but not V1 VP receptors increase as pregnancy progresses, confirming the 
primary relevance of OT in timing delivery. 

INTRODUCTION 

The demonstration of biologically active sub- 
stances present in the neural part of the pituitary 
gland opened almost 100 years ago, the area of 
neuroendocrinology [1]. Kamm et al. [2] termed 
the two major extracts of the posterior pituitary, 
oxytocin (OT) and vasopressin (VP). The for- 
mer displayed oxytocic-galactokinetic activity, 
while the latter showed antidiuretic properties. 
The first report of the synthesis of OT was in 
1953 by du Vigneaud et  al. [3]. Shortly thereafter 
the same group determined the structure of 
arginine vasopressin [AVP] [4]. Both OT and 
AVP are nonapeptides with two cysteine 
residues forming a bridge between position I 
and 6, they differ from each other only with 
respect to 2 amino acids: the isoleucine and 
leucine in OT is replaced by phenylalanine and 
arginine, respectively in AVP. OT, VP and their 
associated carrier proteins, neurophysins, are 
synthesized as part of larger molecules in 
hypothalamic nuclei, including the supraoptic 
nucleus and the paraventricular nucleus [5]. 

Recently, the nucleotide sequences of cloned 
eDNA encoding AVP and OT and their neuro- 
physins were determined [6, 7]. The similarities 
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between the 2 neurophysins and the 2 pre- 
cursors, for OT and AVP, indicate that both 
hormones derive from a common ancestral gene 
and that the production of OT and AVP is a 
consequence of gene duplication. Hence, the 2 
neurohypophysial hormones not only show con- 
sistent structural homology in their amino acid 
sequences but also in that of their precursor. 
Nonetheless, they exert quite different physio- 
logical functions. Indeed, OT is mainly involved 
in the control of lactation and parturition, while 
VP is involved in retention of water by the 
kidney and vasoconstriction in the peripheral 
circulatory system. These different biological 
activities of OT and VP must be mediated by 
different and selective receptors for these hor- 
mones. At least three distinct classes of recep- 
tors for these hormones have been described: 
the OT receptor and the V1 and V2 subtype of 
VP receptors. Renal epithelial VP receptors, 
mediating the antidiuretic activity of VP, are 
termed the V2 VP receptors as distinguished 
from the V I VP receptors found on vascular 
smooth muscle and liver. The V2 VP receptors 
are coupled to the activation of adenylate 
cyclase activity, while the V1 VP and the 
OT receptors mediate the activation of poly- 
phosphatidylinositol hydrolysis and the increase 
in free cytosolic calcium; review in [8]. Beside 
these functional criteria the different classes of 
receptors for the neurohypophysial hormones 
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could be characterized also using selective 
agonists and antagonists; review in [9]. The 
combined use of these pharmacological probes 
and second messengers measurement allowed 
the identification of specific receptors for neuro- 
hypophysial hormones in tissues other than 
their traditional targets. Indeed, the develop- 
ment of selective radioligands such as [3H][Thr A, 
GIy7]OT[10] and [125I]d(CH2)5[Tyr(Me)2,Thr4, 
OrnS,TyrNH29]OT[ll] for the OT receptors; 
[3H]dDAVP[12] for the V2 VP receptors 
and [3H]d(CH2)sTyrMeAVP[13] and [125I]d- 
(CH2)5[Sar7]AVP [14] for the V1 VP receptors 
greatly aids in the discrimination among the 
different subtypes of receptors. However, the 
ligand specificity of neurohypophysial hormone 
receptors might be different in different mam- 
mals: dVDAVP is a rather selective agonist for 
the rat [15] and human [16] V2 VP receptors, but 
shows low affinity for the V2 VP receptors 
present in porcine renal medulla [17, 18]. Simi- 
larly d(CH2)5[Tyr(Me)2,Thr4,OrnS,TyrNH29]OT 
is a rather selective antagonist for the rat [11] 
and rabbit [9] OT receptors, but the same com- 
pound is less selective in humans [20]. Further- 
more, the tissue distribution of these receptors 
also varies among different animal species: while 
in porcine seminal vesicles a high concentration 
of V2 VP receptors is present [18, 21] in human 
seminal vesicles only a low concentration of 
V1 VP receptors was identified [16]. Therefore, 
cautiousness is needed in the extrapolation of 
the experimental results from one animal species 
to another. 

Generally, OT and V1 VP receptors are pre- 
sent simultaneously in the same tissue. In 
the uterus OT and V1 VP receptors were local- 
ized in both the myometrial and endometrial 
layer, regulating smooth muscle contraction and 
release of other uterotropic substances[19]. 
Nonetheless, despite the co-localization, these 
two subtypes of receptors do not share the same 
regulators and physiological significance. 

OT AND VP R E C E P T O R S  IN M Y O M E T R I U M  

The myometrium of nonpregnant and preg- 
nant mammals is maintained in a relatively 
quiescent state for the largest part of the 
reproductive life; during this time its ability to 
respond to contractile agonists is suppressed. 
Approaching parturition, the sensitivity of the 
myometrium to contractile substances increases 
and coordinated, forceful contractions begin. It 
is generally accepted that OT represents the 

main uterotonic hormone. Indeed, synthetic OT 
is one of the most useful drugs that is available 
to the obstetrician to induce or accelerate labor. 
However, several reports indicate that AVP 
shows an oxytocic action equal if not greater 
than that of OT [22-25]. 

In order to clarify if the uterotonic activity of 
VP is mediated by specific receptors or via the 
cross-reactivity of AVP at the OT receptors [26], 
we performed saturation and homologous 
competition using [3H]OT and [3H]AVP in the 
female genital tract of immature rabbits in basal 
condition, after different treatment with sex 
steroids, during pregnancy and at the time of 
spontaneous delivery[27]. Typical Scatchard 
plots, derived from homologous competition 
experiments performed in myometrial mem- 
branes of rabbits treated with 200 #g/kg for 4 
days, are shown in Fig. 1 by continuous lines. 
The presence of a linear relationship for both 
ligands suggested an homogeneity of sites; how- 
ever, we found consistent differences in the 
specific binding of [3H]OT and[3H]AVP in 
the different groups of animals studied and in 
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Fig. 1. Scatchard plots for [3H]OT (upper panel) and 
[3H]AVP (lower panel) derived from a typical experiment 
performed in the myometrium of rabbits primed with 
17/~-estradiol (200 #g/kg x 4 days), - - - ,  indicate the re- 
lationship obtained using a l-site-model, whereas the 
indicate the relationship for a 2-sites-model. Binding exper- 

iments were performed as described in [27]. 
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the different regions of the female genital tract 
(see [27] and Fig. 3). Furthermore, we observed 
a significant change in the order of potency of 
a series of ligands for the binding of [3H]OT and 
[3H]AVP to the uterus of pregnant rabbits 
(see [27] and Table 1.) Virtually all evidence 
supports the presence of an heterogeneity of 
sites in the female genital tract of rabbits. In 
order to verify the presence of distinct classes of 
receptors for neurohypophysial hormones we 
performed complete sets of self- and cross- 
displacement experiments between OT and AVP 
in uterine membranes. In addition, we decided 
to include in the study the 2 most selective 
ligands for the binding of [3H]OT and [3I-I]AVP; 
[Thr4,Gly7]OT and d(CH2)sTyrMeAVP. Exper- 
imental results were analyzed with the 
aid of computerized curve fitting (program 
LIGAND) [28]. The program allows for formu- 
lation and testing of several alternative models 
so that the most appropriate one may be chosen 
on the basis of an objective, statistically valid 
criterion, the "extra sum-of-squares" F-test. 
Simultaneous computer analysis was performed 
for 38 curves for the myometrium of rabbits 
pretreated with estradiol, 24 curves for the 
myometrium of pregnant rabbits and 19 curves 
for the myometrium of parturient rabbits. The 
results from all 3 groups clearly indicated that 
a 1-site model was inadequate [27]. introduction 
of a 2nd independent class of sites was necess- 
ary, and sufficient, to provide satisfactory good- 
ness of fit in all cases (P < 0.001 in all 3 cases). 
Figure 2 shows the best fit model in membranes 
from parturient rabbits. Similar affinity con- 
stants were obtained in the myometrium of 
estrogenized and pregnant rabbits (Table 2). 
The VI antagonist d(CH2)sTyr(Me)AVP 
showed selectivity for R2 (V1 VP site), while OT 
and the OT agonist [Thr 4, GlyT]OT bound pref- 

Table I. Rank order of potency (log ICs0) of several ligands in 
displacing the binding of [3H]AVP and [3H]OT to myometrial 

membranes from pregnant rabbits 

Log0C~) 
Ligand [3H]AVP [3H]OT 

AVP - 9.0 - 8.9 
OT -7.2 -9.0 
[Thr4,GlyT]OT - 5.7 - 9.2 
d(CHz)sTyrMeAVP - 8.9 - 7.3 
dPenTyrMeAVP -8.3 -8.0 
dVDAVP - 5.8 - 6.7 
AVT -8.8 -9.3 
d(CH2)sTyrEtOVT - 7.4 - 7.6 
Isotocin - 4.8 - 4.9 
dPenVDAVP - 6.8 - 6.8 
dGLVP - 5.1 - 5.1 
ASUAVT - 7.9 - 8.7 
TOCOH - 4.7 - 5.4 

A v P j  
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Fig. 2. Best fitting model: the relative affinities of the 4 
ligands; OT, [Thr 4, GIyT]OT, AVP and d(CH2)sThr(Me)- 
AVP are schematically represented by the thickness of the 
fines connecting the figands with the receptors. The g d 
values (nM) are indicated by the numbers on each fine. RI 
and R 2 denote the 2 classes of sites. The numbers below 
each, I-'1, indicate the concentration of binding sites in 
fmol/mg/protein. Membranes were from the myometrium of 
rabbits at the time of  spontaneous delivery. The model was 
fitted using 18 curves from 3 membrane preparations in 2 
experiments. A model involving 2 classes of  sites was 
significantly better than a model involving only a single class 
of sites (P < 0.001). Binding experiments were performed as 

described in [27]. 

erentially to RI (OT site). AVP bound with high 
affinity to both sites. Thus, OT was rather 
selective for R1 whereas AVP was essentially a 
nonselective ligand for the 2 sites. These proper- 
ties, together with the almost equal distribution 
of RI and R2 in membranes from the my- 
ometrium of estrogenized rabbits (see Fig. 3 and 
Table 2), justify the apparent linearity of the 
Scatchard plot as in Fig. 1. Indeed computer 

Table 2. Concentration (B=.,, fmol/mg/protein) of receptors and 
affinity (log K~, pK) for OT and AVP in rabbit myometrium after 

priming with estradiol, during pregnancy or delivery 

OT Site AVP Site 

17fl-Estradiol (200#g/kg x 4 days) 
Bin,, (fmol/mg protein) 429 ± 93 273 ± 21 

420±128  3 0 5 ± 2 4  
pK OT 9.49 ± 0.02 7.46 ± 0.06 

9.39 ± 0.05 
pK AVP 8.95 ± 0.03 9.96 + 0.03 

- -  9 .6±0 .1  
Pregnancy (day 29) 

Bm~(fmol/mg/protein) 124 ± 34 416 + 65 
174±40  457±52  

pK OT 9.44 ± 0.04 7.33 ± 0.06 
9.37 ± 0.13 

pK AVP 8.91 + 0.07 9.56 + 0.03 
- -  9.52 ± 0.12 

Delivery 
Bm,~ (fmol/mg/protein) 2667 ± 232 233 ± 37 

2969±288 276+44  
pK OT 9.37 ± 0.03 7.31 ± 0.07 

9.30 ± 0.03 
pK AVP 8.59 ± 0.03 9.70 ± 0.03 

- -  9.60 ± 0.02 

Binding parameters (± gEM) are derived from computer analysis of 
families of self- and cross-displacement (Ist line, roman charac- 
ters) or "blocking" (2rid line, bold characters) experiments. 
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Fig. 3. Concentrations of OT (13) and AVP (m) receptors in the cervico-vaginal region, myometrium and 
renal medulla of rabbits. Binding capacity, fmol/mg/protein, is indicated on the ordinate using a semi-log 
scale. Each value of receptor concentration is the mean + SEM of 3-6 membrane preparations. Receptor 
densities were derived from the analysis of "blocking" experiments for control animals (C), rabbits treated 
with 17~-estradiol (200 #g/kg x 4 days) (E2) or 17/]-estradiol (200 #g/kg x 4 days) followed by progester- 
one (5 mg/kg x 4 days) (E 2 + P). Receptor concentrations in the vagina, myometrium and renal medulla 
at day 29 of pregnancy (Pregn) or 5-10 rain after spontaneous delivery (DLV) are also shown. Binding 

experiments were performed as described in [27]. 

modeling of such individual homologous com- 
petition curves indicated the presence of a single 
class of sites (Scatchard plots indicated by - - -  
in the figures). However, when the same exper- 
imental data were analyzed simultaneously in 
the context of families of self- and cross- 
displacement curves among OT, AVP and 
the 2 specific analogs, mathematical modeling 
strongly suggested the presence of 2 distinct 
populations of sites. Scatchard plots derived 
from the 2-sites-model are presented in Fig. 1 
as continuous lines. Thus, linearity of the 
Scatchard plot does not really offer a relevant 
test for receptor homogeneity, as is sometimes 
claimed. 

To help establish the binding capacity of 
the different regions of the genital tract of 
the female rabbit we designed multiligand 
experiments using homologous competition 
curves with [3H]OT and [3H]AVP in the presence 
of blocking concentrations of the 2 selec- 
tive ligands d(CH2)~Tyr(Me)AVP (10 nM) and 
[Thr 4, GIyT]OT (50 nM). This was done to mask 
the V1 VP and the OT sites, respectively. The 
results obtained using this experimental design 
were absolutely consistent with those derived 
from self- and cross-displacement curves [27] 
(Table 2). "Blocking" experiments are easier to 
perform and decrease consistently the number 
of experimental determinations with obvious 

advantage in terms of consumption of ligands 
and membranes. 

Figure 3 illustrates the density of OT and 
VP receptors in the myometrium, the cervico- 
vaginal region and the renal medulla of the same 
rabbits [27]. OT receptors have a strict regional 
distribution, being essentially localized in the 
myometrium. During pregnancy the concen- 
tration of OT receptors increases, having a 
dramatic surge at the time of spontaneous deliv- 
ery. Indeed, during delivery (day 31) a 17-fold 
increase above the level measured at day 29 of 
pregnancy was observed. VP receptors are 
widely distributed in the female genital tract: 
these receptors are present in the vagina and 
myometrium (Fig. 3) and also in the oviduct [27]. 
The density of V1 VP receptors in the uterus 
increases during pregnancy but does not change 
at the time of spontaneous delivery (Fig. 3). 

In order to verify if changes in sex steroids 
might affect the density of OT and VI VP 
receptors in the uterus we treated immature 
rabbits for 4 days with increasing concen- 
trations of 17fl-estradiol (2-200 #g/kg x 4 days) 
or with 17fl-estradiol (200 #g/kg x 4 days) and 
progesterone (5 mg/kg x 4 days). A statistically 
significant, positive relationship between the 
concentration of estradiol and the density 
of both OT and V1 VP receptors in the 
myometrium was found (P <0.001, Fig. 4). 
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Fig. 4. Density of OT (upper panel, O) or AVP (lower 
panel, Q) receptors in the myometrium of rabbits treated 
with increasing doses of 17p-estradiol (2-200/ag/kg x 4 
days) (17,#Ez). The effect of the sequential treatment with 
17~E 2 (200pg/kgx4 days) followed by progesterone 
(5 mg/kg x 4 days) on OT (upper panel, Q) and AVP (lower 
panel, ©) receptors is also shown (+P). There is a positive 
statistically significant relationship (P < 0.01) between the 
logarithms of the receptor concentration and the logarithms 
of the dose of estrogens for both classes of receptors. Note 
the different effect of ovarian steroids on OT and AVP 
binding sites in the myometrium. Receptor densities were 

derived from [27]. 

However, while progesterone administration 
completely reverses the effect of estradiol on 
OT receptors, it was less effective on V1 VP 
receptors. Furthermore, while estradiol causes a 
21-fold increase in the OT receptor density, the 
increase in the density of V1 VP receptors 

was less pronounced (4-fold)[27] (Fig. 4). The 
different sensitivity of OT and VI VP receptors 
to sex steroids might therefore explain the 
modifications of these receptors during preg- 
nancy and delivery: OT receptors rise during 
labor when progesterone falls [29]; V1 VP recep- 
tors peak during pregnancy when estradiol and 
progesterone increase [29]. 

The effect of sex steroids on neurohypo- 
physial hormone receptors is specific for the 
female genital tract and not present in other 
target for AVP, as renal medulla (Fig. 3, Maggi 
M., Giannini S. and Fantoni G., unpublished 
observations). Although it is well accepted that 
during normal menstrual cycle [30, 31] or preg- 
nancy [32, 33] there are changes in osmoregula- 
tion, our results do not support a role for renal 
VP receptors, at least in the rabbit. 

In the rabbit, estrogen administration in- 
creases uterine contractility, while progesterone 
treatment has an inhibitory effect [34]. This may 
be relevant at the end of pregnancy, when a fall 
in progesterone and a rise in estrogen have been 
documented [29]. Even though the mechanism 
by which ovarian steroids influence uterine con- 
tractility is poorly understood, the regulatory 
influence of sex steroids on neurohypophysial 
hormone receptors may be crucial. Indeed, OT 
and V1 VP receptors are directly involved 
in regulating myometrial activity both in the 
nonpregnant [27] and pregnant uterus [20]. 

In humans, both OT and AVP stimulate 
uterine activity [20, 22-25]. Figure 5 shows the 
typical effect of increasing the concentration of 
AVP on human myometrial strips, in vitro, at 
the end of pregnancy. We found that human 
uterine preparations during pregnancy are 
continuously responsive to AVP in vitro, while 
a limited number of strips was sensitive to 
OT [20]. In order to explain the cellular mechan- 
ism responsible for this phenomenon we studied 
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Fig. 5. Isometric tension developed/n vitro by uterine strips from a patient at term pregnancy. At time 
zero increasing concentrations of AVP were added to the bath, and the contractile response was recorded 

for 8 rain. The contractility study was performed as in [20]. 
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the binding of neurohypophysial hormone to 
myometrial membranes derived from women 
undergoing cesarean section[20]. An exper- 
imental design similar to that described for the 
rabbit studies was employed. We found a close 
correlation between the concentration of OT 
sites and the response of uterine strips in vitro to 
OT stimulation. Indeed, only uterine specimens 
with a density of OT receptors higher than 
150 fmol/mg/protein were stimulated in vitro by 
OT. Furthermore, we found a linear correlation 
between the concentration of OT receptors 
and in vivo uterine activity, as recorded before 
surgery with external tocography. According to 
previous studies [35, 36], a sharp increase in OT 
receptors was observed in human myometrium 
at the end of pregnancy. Conversely, we did not 
find any significant variation in the density of 
AVP sites throughout human pregnancy: con- 
sistent concentrations of V1 VP receptors 
(100 fmol/mg/protein) are present in the human 
uterus, regardless of the length of the preg- 
nancy. These results indicate that the specific 
rise in OT but not VP receptors has a physio- 
logical role in initiating labor either in the rabbit 
or humans. However, in humans the falling 
progesterone-rising estrogen pattern was not 
clearly demonstrated[37,38]. Therefore, the 
mechanism(s) involved in the activation of OT 
receptors in human myometrium at the end of 
pregnancy is still obscure. Preliminary results 
obtained in our laboratory on human non- 
pregnant myometrium indicate a lack of corre- 
lation among OT and V1 VP receptors and 
estrogens, while a positive relationship was 
paradoxically found between OT receptors and 
progesterone concentration (Maggi M., Magini 
A., Fiscella A., Giannini S., Fantoni G., Massi 
G. and Serio M., unpublished observations). 

OT AND VP RECEPTORS IN ENDOMETRIUM 

OT receptors are present not only in the ovine 
myometrium but also in the endometrium, 
where they play an essential role in regulating 
uterine secretion of PGF2~[39]. In ewes, 
the binding characteristics of endometrial OT 
receptors are similar to those found in the 
myometrium[40]. Moreover, the density of 
endometrial as well as myometrial receptors are 
influenced by ovarian steroids [39]. 

OT receptors were also identified in human 
decidua and related to prostaglandins (PGs) 
production; review in [41]. The concentration of 
endometrial OT receptors increases in parallel 

with myometrial OT receptors at the end of 
human pregnancy and may have a physiological 
significance in stimulating PGs synthesis. PGs 
have been generally considered as key com- 
ponents of the complex mechanism regulating 
parturition. They increase during labor and 
promote uterine contractility and cervical ripen- 
ing; review in [37] and [38]. 

We recently identified not only OT but also 
V1 VP receptors in rabbit endometrium, having 
ligand specificity similar to the myometrial 
sites[19]. Furthermore, we found parallel 
changes of endometrial and myometrial OT 
and V1 VP receptors during pregnancy and 
delivery in rabbits, indicating similar sensitivity 
to regulatory influences [19]. 

ENDOTHELIN IN UTERINE FUNCTION 

In rabbit endometrium, but not myometrium, 
cells are present which show an intense 
immunostaining for endothelin [42]. In imma- 
ture animals, the positivity for endothelin 
was maximal in the epithelial compartment of 
endometrium, while in rabbits treated with sex 
steroids the immunoreactivity was predominant 
in the stroma cells [42]. We found that both OT 
and V1 VP receptors mediate the release of 
endothelin-1 (ET-1) from rabbit endometrial 
cells in primary culture [43]. 

ET-1 is a 21 amino acid peptide recently 
isolated by Yanagisawa et al. [44]; reviews 
in [45], [46] and [47], from the culture medium of 
porcine aortal endothelial cells. This peptide is 
the first member of a new family of peptides, 
including: endothelin-2 (ET-2) and endothelin-3 
(ET-3). The amino acid sequences of ET-2 and 
ET-3 differ from that of ET-1 by 2 and 5 amino 
acids, respectively. All these peptides are potent 
stimulators of smooth muscle cells activity with 
an order of potency: ET-2 > ET-1 > ET-3. The 
endothelin (ET) family shares close sequence 
homology with the sarafotoxin (SRTX) family, a 
group of cardiotoxic peptides isolated from the 
venom of the snake Atractaspis engaddensis [48]. 

Both in the rat [49] and rabbit [42] ET-1 and 
SRTX stimulate uterine activity, with an EDs0 
of 5-7 and 20-30 nM, respectively. The effect 
of ET-1 is strictly dependent on extracellular 
calcium and can be abolished by micromolar 
concentrations of L-type calcium channel 
blockers (Fig. 6)[42, 50]. These results, taken 
together, indicate that rabbit endometrium 
releases under control of neurohypophysial 
hormones uterotonic substances, such as ET-1. 
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Therefore, in the uterus, ET-1 might act as 
a paracrine signal between endometrium and 
myometrium. 

In order to verify this hypothesis we studied 
the presence of specific receptors for ET-SRTX 
peptides in rabbit myometrium[42]. Using 
labeled ET-1 and ET-3, the corresponding 
unlabeled peptide and SRTX we performed 
families of self- and cross-displacement curves. 
Mathematical modeling of the experimental re- 
suits strongly indicates the presence of multiple 
receptors for ET-SRTX peptides. One site is 

selective for ET-1, while the second site shows 
approximately the same affinity for ET-1, ET-3 
and SRTX. However, the former site is 10-fold 
more concentrated than the latter, thus explain- 
ing the enhanced biological activity of ET-1 
over SRTX and ET-3 [42, 49]. Moreover, the 
finding of similar affinity of ET- 1 for both sites 
justifies the apparent linearity of the Scatchard 
plots reported by us (Fig. 7)[42], and other 
laboratories; review in[47]. Although both 
nicardipine and verapamil antagonized the 
stimulatory effect of ET-1 on uterine strips, 
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Fig. 7. Equilibrium binding of [~25I]ET-1 to myometrial 
membranes prepared from immature rabbits (/X), rabbits 
treated with 17fl-estradiol (200/~g/kg x 4 days) (E2) (r-q) or 
17fl-estradiol (200/~g/kg x 4 days) followed by progester- 
one (5 mg/kg x 4 days) (E z + P) (O). Ordinate: B/F, bound 
to free ratio; abscissa: concentration of bound ligand. 

Experiments were carried out as in [42]. 
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Fig. 8. Density of ET-1 receptors in the uterus (a), vagina 
(b) and oviduct (c) of rabbits. Binding capacity is indicated 
on the ordinate axis. Receptor densities were derived from 
the analysis of homologous competition experiments for 
ET-I. Control rabbits (C); rabbits treated with 17fl-estradiol 
(200/~g/kg x 4 days) (E2), rabbits treated as above followed 
by progesterone (5 mg/kg x 4 days) (E 2 + P). After treat- 
ment with estradiol, the concentration of ET-1 receptors in 
all the tissues investigated was significantly higher than in 
the C or E 2 + P treated animals (*P < 0.05). In the vagina, 
the sequential progesterone administration only partially 
reversed this increase (**P < 0.05 vs C). In contrast to the 
marked effect on receptor density sex steroid administration 
does not affect the apparent K d. Experiments were carried 

out as in [42]. 

receptors,  with an ECs0 o f  0 . 7 / ~ g / k g x 4  
days) [42]. The estrogen-induced increase in ET 
receptor concentrat ion was  complete ly  counter-  
acted by the sequential  administration o f  pro- 
gesterone (5 m g / k g  x 4 days) [42]. This effect o f  
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sex steroids appears to be specific to the genital 
tract, being present in the uterus [42], vagina 
and oviduct (Maggi M., Peri A., Fantoni G. 
and Giannini S., unpublished observations) 
(Fig. 8), but not in the aorta [42]. Although 
these results suggest that ET receptors in 
genital regions are induced by estrogens, with 
an in vivo system one cannot distinguish 
between a direct effect of sex steroids on 
the myometrium or an indirect effect by other 
estrogen-dependent substances. Hence, we stud- 
ied the effect of 17fl-estradiol on ET receptors 
using an in vitro system, i.e. myometrial cells in 
primary culture. The incubation of uterine my- 
ocytes with 1 nM 17fl-estradiol for 1, 2 or 4 days 
did not change the density of ET receptors [42]. 
This result seems to indicate an indirect 
more than a direct effect of 17fl-estradiol on 
ET receptors in myometrium. Preliminary 
results indicate that the sex steroid modulation 
of ET receptors is also operating during 
physiological events, such as pregnancy and 
delivery [51]. 

CONCLUSIONS 

OT has been traditionally considered as the 
factor that induces labor. Ours and previous [38] 
studies support this concept and indicate 
that labor begins because of a specific and 
substantial increase in uterine receptors for 
OT with or without a rise in plasma levels of 
the hormone. As soon as the uterine sensi- 
tivity to OT present in maternal circulation 
increases enough to reach the threshold for 
stimulating myometrial activity, forceful and 
coordinated uterine contractions begin. OT 
facilitates the contractions of myometrium 
directly (myometrial receptors) or indirectly 
(endometrial receptors). The OT receptor inter- 
action in the endometrium releases biologically 
active molecules as PGs or ET that might act on 
adjacent smooth muscle by increasing its tone 
and thereby magnifying the contractile effect of 
OT. In rodents, the falling progesterone-rising 
estrogen pattern may be responsible for the rise 
in OT receptors in the uterus at the time of 
parturition. The same changes in steroid hor- 
mones not only increase the concentration of 
myometrial receptors for OT, but also for other 
uterotonic substances as ET. In humans, the 
concept of progesterone withdrawal has not 
been substantiated [37, 38]. Moreover it is not 
clear which is the changing hormonal milieu 
of the uterus responsible for the OT receptor 

increase and the related myometrial activation 
at t~rn pregnancy. 

Even though AVP is a potent uterotonic 
peptide its role in parturition is not evident 
from studies in rodents [27, 52] or humans [20]. 
Receptors for AVP are continuously present 
and biologically active in the pregnant uterus, 
despite the stage of pregnancy. However, 
neither the concentration of AVP in maternal 
circulation [53] nor the density of receptors for 
this peptide in the uterus [20, 27, 52] increase at 
term pregnancy or during delivery. Elevated 
concentrations of AVP are secreted by the 
human fetus during physiological labor[54]. 
Furthermore, a consistent rise in fetal AVP 
secretion was observed in several stressful 
conditions[53, 55,56]. Whether or not fetal 
AVP might stimulate uterine contractions is still 
unknown, as it is unknown which are the signals 
released by the fetus when the uterine residence 
would endanger his or maternal health. 
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