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Oxytocin (OT) and arginine-vasopressin (AVP) are two 
major neurohypophysary nonapeptides that have impor- 
tant roles during pregnancy and labor. Using the explant 
model at term, we have examined the effect of 
physiologic concentrations of both nonapeptides on 
placental hormone secretion. We found that OT had a 
dose-dependent inhibitory effect on P (2-3-fold. P<0.05)  
and laCG (2-fold, P<0.05)  while increasing E 2 secretion 
(150-180%, P<0.05)  into the media. The effect of OT on 
P secretion was receptor-dependent since it was abolished 
by addition of CAP-450 into the media. AVP increased 
secretion up to 2-fold. <0.05) while not having a consis- 
tent effect on P secretion. In conclusion, OT and to a 
lesser degree AVP, have significant modulatory effects on 
placental hormone secretion. Whether the resulting 
locally increased E21P secretion ratio favors progression of 
labor remains to be shown. 
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Introduction 

The circulating neurohypophyseal peptides, oxytocin 
(OT) and arginine-vasopressin (AVP), have important  
roles during pregnancy and labor. These nonapeptides 
are detected in fetal circulation from the tenth week of  
pregnancy and rise with advancing gestation until 
term. In the maternal circulation OT pattern of  secre- 
tion is episodic (Fuchs et al., 1991). Further increases 
may be present in the umbilical cord during labor 
(Chard et al., 1971; Liggins, 1983) or levels remain 
unchanged (Pochard & Lutz-Bucher, 1986; Oosterban 
& Swaab, 1989). OT acts on specific receptors present 
in myometr ium and decidua (Fuchs et al., 1982). In- 
creases in umbilical cord and amniotic fluid AVP levels 
were also reported during labor and fetal distress 
(Oosterban & Swaab, 1989). 

Sensitivity of  OT to the myometr ium increases 8-fold 
between 20-39  weeks of  gestation. AVP also induces 
contractions by acting on specific OT and AVP recep- 
tors present in myometrium, but they do not increase 
with gestational age, nor  do they change during labor 
(Ivanisevic et al., 1989). OT receptors are sensitive to 
changes in levels of  sex-steroids: E, acts as a promoter,  

Correspondence: E.R. Barnea 
4Current address: Division of Research, Nahariah Hospital, 
Nahariah, Israel 
Received 14 April 1994; accepted 10 November 1994 

while P has an opposite effect (Makino et al., 1983). It 
was previously shown that in the rabbit circulating 
levels of  estrogens increase while that of  P decrease 
close to labor (Fuchs & Fuchs, 1984). Similar changes 
were noted in the sex steroid levels present in amniotic 
fluid o f  women (Romero et al., 1988). Whether OT and 
AVP are involved in causing this effect is not  known. 
We have recently reported that both OT and AVP had 
a direct effect on the first trimester placenta in vitro 
(Tal et al., 1991). In the present study the effect of  
physiologic concentrations of  OT and AVP was exam- 
ined on placental explants hormone secretion at term. 
Here we report that both nonapeptides exert a signi- 
ficant modulatory effect on placental hormones secre- 
tion. 

Results 

Effect o f  O T  on hormone secretion 

Figure 1 shows a significant (2-3-fold)  dose dependent 
inhibitory effect of  OT 5-25/*U/ml  on placental ex- 
plants P secretion after 24 h in culture in the physio- 
logic range of  concentrations, P < 0 . 0 5 .  Significant 
inhibition was noted already at 5 ~tU/ml, while at 1 ~tU 
no effect was noted. No  differences in the response to 
the compound were noted whether the placentas were 
from patients in labor (SVD) or following elective 
caesarean section (CS) not in labor. Figure 2 shows 
that addition of  the OT receptor antagonist- CAP 450, 
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Figure l Dose dependent inhibitory effect of OT on P secretion by 
placental explants derived from SVD or CS deliveries following 24 h 
of incubation. Data is expressed as mean 4-SEM per cent change 
from controls. The inhibition was similar with SVD and CS cases. 
*P<0.05 vs controls {n=7). 
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10#g/ml abolished the 25/.tU/ml OT induced inhibi- 
tory effect while antagonist  itself had no effect on P 
secretion. Figure 3 shows the dose dependent  st imu- 
latory effect of  OT on placental  explants E, secretion 
into the media.  Maximal  effects were noted with 
25 #U/ml.  The effect at 4 h was only mild, not being 
significant (data  not shown). The effect was similar 
with placentas from SVD and CS patients. Table  1 
shows that h C G  secretion was significantly inhibited by 
addi t ion of  25 uU OY/ml, P < 0 . 0 5 .  

Effect o f  A VP  on hormone secretion 

AVP exerted a biphasic s t imulatory effect on E2 secre- 
tion by placental  explants after 24 h of  culture. This 
was maximal  at 100~tU/ml an 183+-15% increase 
compared  to controls,  while at 1000~U/ml (a level 
rarely seen in vivo) the s t imulatory effect was somewhat  
lower: 165_+ 14%, P < 0 . 0 5  (Table 2). The effect of  
AVP on P secretion was not  consistent where in four  
of  seven placentas an inhibitory effect was noted (da ta  
not  shown). With  respect to both steroids no differ- 
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Figure 2 Abolition of 25/.tU/ml OT induced effect on P secretion by 
placental explants, following co-incubation for 24 h with 10~g/ml 
CAP 450 (AT), an OT receptor antagonist. The antagonist itself did 
not affect the hormone secretion. Data is expressed as mean __. SEM. 
*P<0.05 vs AT and OT+AT (n = 3). 
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Dose dependent stimulatory effect of OT on E2 secretion 
by placental explants following exposure for 24 h. The effect was 
similar with SVD and CS explants. Data is expressed as 
mean + SEM. *P<0.05 vs controls (n = 6). 

ences in the effect were noted in placentas from SVD 
and CS patients. 

Discussion 

The precise events that  take place during human  labor  
are not  known now though OT specifically has been 
shown to have an important ,  if  not  ini t iat ing at  least 
promot ing  role. Therefore in the present repor t  we 
have examined whether neurohypophysa ry  hormones  
of  fetal or maternal  origin could be involved in 
regulating placental  hormone  secretion th rough  a 
direct action. In the present s tudy significant effects of  
physiologic concentrat ions o f  neu rohypophysa ry  pep- 
tides, OT and AVP on placental  explants ho rmone  
secretion was shown at term. Addi t ion  of  O T  to ex- 
plants  affected steroid secretion as evidenced by in- 
creased E2 and decreased P secretion into the 
media.  

Placental sensitivity to OT act ion was s imilar  ir- 
respective whether explants were from labor ing  (SVD) 
or  nonlabor ing (CS) patients suggesting that  changes in 
the metabolic  and endocrine milieu present in labor  
does not modify the response to the nonapept ide .  Any  
OT that  may have been present  in the tissue due to 
labor  which was not tightly bound  was likely to be 
removed by extensive washing o f  the explants  pr ior  to 
treatment.  

The specificity of  OT action was shown since in the 
presence of  an OT antagonis t  the OT induced effect on 
P secretion was abolished. This is in accord with our 
previous da ta  on hCG secretion in the first t r imester 
where OT antagonis t  blocked OT induced h C G  stimu- 
lat ion when given in short  pulses in superfusion (Tat et 
al., 1991). The specificity of  this OT antagonis t  was 
repor ted previously where it was shown to b lock  OT 
induced action on the myomet r ium in vivo (Aker lund  
et at., 1987). Fur ther  present results show that  OT has 
a gestat ional  age dependent  effect on h C G  secretion 
s t imulatory  in the first tr imester and  inhibi tory  at term. 
We and others have reported such varying effects at 
different gestat ional  ages (Barnea et al., 1993; Ren & 
Braunstein, 1994). Previously h C G  was shown to have 
several paracr ine roles on s teroid metabol i sm and 
secretion and recently specific receptors were descr ibed 
locally (reviewed in Licht et al., 1994). 

Table 1 Inhibitory effect of OT on hCG secretion by placental 
explants at term 

Compound vehicle 100% 

OT 10uU 78+20 
OT 25 uU 47-  11" 

Data is expressed as mean_+SEM % change compared to controls. 
*P<0.05 vs vehicle alone. 

Table 2 Stimulatory effect of various AVP concentrations on E2 
secretion by placental explants at term 

Compund E2 
vehicle 100% 

AVP 10/.tU/ml 110+ 12 
AVP 100/~U/ml 185+ 18" 
AVP 1000p.U/ml 165 + 14" 

Data is expressed as per cent change mean + SEM. 
*P<0.05 compared to controls and 100/~U/ml AVP. 
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Others have also reported that OT has a direct effect 
on the placenta in vitro. In perfusion experiments at 
term OT stimulated the secretion of  proopiomelano- 
cortin peptides and increased prostaglandin secretion 
in the perfused placenta (Margioris et al., 1988). The 
data herein presented and that previously reported 
strongly suggest that this action of  OT is exerted 
through a specific binding site, which characteristics 
remain to be further defined. 

Earlier investigators have shown that the placenta 
contains OT like compounds  (Mitzutani et al., 1982). 
This was detected in spite of  oxytocinase, an oxytocin 
metabolizing enzyme, in both the placenta and the 
maternal circulation (Mizutani & Tomoda,  1992). 
These observations suggest that OT may have in addi- 
tion to its well recognized endocrine effect on the 
myometr ium and decidua also a local effect on the 
placenta. We hypothesize that the resulting locally in- 
creased E2/P ratio may help in the process o f  labor 
creating an environment which supports decidual phos- 
pholipase activation, leading to prostaglandin release 
(Casey et aL, 1983; Fucbs & Fuchs, 1984) and promote 
myometrial contractility. Evidence for a local increased 
E2/P ratio in the fetal compartment,  i.e., amniotic fluid 
in humans was recently demonstrated (Romero et al., 
1988). 

In its action on the placenta AVP appeared to com- 
plement that of  OT with respect to E 2 while having no 
consistent effects on P secretion. In case of  AVP the 
presence of  lysipressin, a vasopressin-like substance 
previously documented in the mammalian placenta 
(Rouille et al., 1988) is suggestive of  a local as well as 
endocrine effect, as was reported by us in the super- 
fusion model in the first trimester placenta (Tal et al., 
1991). As for the endocrine effect of  AVP the 
previously shown increase in circulating AVP with fetal 
acidosis and rupture o f  membranes is illustrative and 
suggest that under these circumstances it may aid in 
labor promot ion (Pochard & Lutz-Bucher, 1986). Fur- 
thermore AVP was also shown to bind to specific 
myometrial receptors aiding in promotion of  labor 
(Maggi et al., 1990). 

The results herein add to the body of  knowledge 
generated by this model on the effect o f  several tigands 
i.e. growth hormone,  prolactin, catechols, A C T H  and 
others as reported by us and others (reviewed in 
Barnea et aL, 1986, 1989b). This points to the main- 
tained responsivity of  the placenta to endocrine stimuli, 
confirming the value of  the explant model for short 
term experiments. 

In conclusion, neurohyposary peptides modulate 
placental hormone secretion, whether the resulting 
local increase in E~/P ratio and the decrease in hCG 
are involved in labor remains to be demonstrated. 

Materials and methods 

Dulbecco's Modified Eagle's Medium (DMEM) was purchas- 
ed from Belt Haemek (Israel). OT and AVP were purchased 

References 

Akerlund, M., Stromberg, P., Hauksson, A., Andersen, L.F., 
Lyndrup, J., Trojnar, J. & Melin, P. (1987). Br. J. Obstet. 
Gynaecol., 94, 1040-1044. 

Barnea, E,R. & Fakih, H. (1985). Steroids, 45, 427-432. 

from Sigma (St. Louis, MO). OT receptor antagonist CAP- 
450 was received as a gift from Dr Per Melin, Ferring 
(Sweden). The kits for measuring E2 and P were purchased 
from DPC (Los Angeles, CA). The kits for measurements of 
hCG MAIA clone were purchased from Serono (Israel). 

Placental material 

A total of 11 placentae were studied. Five were obtained 
from term pregnancies following elective caesarian section 
not in labor (CS), while the remainder were obtained follow- 
ing spontaneous vaginal delivery at term (SVD). Placental 
tissue fragments were randomly selected, removed, and rinsed 
extensively in large volumes of cold 0.9% NaC1 until clear of 
blood. 
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Assays 
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previously reported (Barnea et al., 1989b). Intra-assay 
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Measurement of hCG in the media was described (Barnea et 
al., 1993), intraassay variability was 1.7%. Protein content of 
explants was measured by method of Lowry et al. (1951). 
Statistical analysis was performed using one way ANOVA 
and Student's t test, with P<0 .05  considered to be statis- 
tically significant. Data is expressed as mean + SEM per cent 
change from controls, and are representative of three or more 
placentae with similar results. 
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