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ABSTRACT. To elucidate the effects of birth stress on 
immunoreactive endothelin-1 (irET-1) concentrations in 
fetal blood, we determined irET-1 levels in cord plasma in 
different modes of delivery associated with or without 
complications such as asphyxia. The irET-1 concentrations 
in both the umbilical artery and vein were significantly 
higher than those found in maternal venous blood at deliv- 
ery, although there was no significant difference between 
preterm and full-term infants. When plasma irET-1 con- 
centrations of healthy infants born by vaginal delivery and 
by cesarean section without labor were compared, the 
former had significantly ( p  < 0.05) higher levels than the 
latter (15.4 f 4.9 pg/mL versus 11.1 f 3.1 pg/mL). Fur- 
thermore, umbilical venous plasma obtained from vaginally 
delivered infants complicated by asphyxia showed signifi- 
cantly ( p  < 0.001) higher irET-1 levels (28.2 f 9.4 pg/ 
mL) than those of nonasphyxiated infants (14.2 f 4.5 pg/ 
mL). These data suggest that birth stress, especially as- 
phyxia, may contribute to the increase in fetal circulating 
irET-1 levels. (Pediatr Res 30: 244-247, 1991) 

Abbreviations 

CPK, creatine phosphokinase 
ET-1, endothelin-1 
GOT, aspartate aminotransferase 
irET-1, immunoreactive ET-1 
LDH, lactic acid dehydrogenase 
TFA, trifluoroacetic acid 

Endothelin-1 is a potent vasoconstrictor peptide with 2 1 amino 
acid residues, originally isolated and sequenced from the super- 
natant of cultured porcine aortic endothelial cells, and the first 
member of the mammalian endothelin family (1-4). Since ET- 
1 produces very potent vasoconstriction and an extremely long- 
lasting pressor response, ET- 1 may play an important role in the 
control of blood pressure and/or local blood flow (1, 3, 4). 
Recently, low concentrations of ET-1 have been detected in 
plasma from healthy subjects (5-7). Raised plasma concentra- 
tions of ET-1 have been observed in certain pathophysiologic 
conditions, such as uremia (8), acute renal failure (9), acute 
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myocardial infarction (lo), cardiogenic shock (1 I), major surgery 
(12), and subarachnoid hemorrhage (13). Furthermore, high 
levels of circulating ET-1 in fetal blood have recently been 
reported and the possible physiologic role(s) of ET- 1 at delivery 
has been investigated (14, 15). However, it remains unknown 
whether ET-1 levels in the umbilical cord plasma may change 
under physiologic and pathophysiologic states during delivery. 
This study was undertaken to elucidate the effects of birth stress, 
especially asphyxia, on ET-1 concentrations in the human um- 
bilical cord plasma. 

SUBJECTS AND METHODS 

Subjects. Thirty-five neonates (20 boys and 15 girls) consisting 
of 14 preterm and 21 full-term infants, and 10 mothers with no 
complications from delivery, were the subjects of this study. 
Informed consent was obtained from each infant's parents and 
the pregnant women before delivery. Gestational age, birth wt, 
Apgar score of 1 min, and the mode of delivery of the subjects 
are shown in Table 1. Cesarean section procedure was chosen in 
some cases because of the narrow pelvis of some of the pregnant 
women. For lumbar anesthesia, procaine was used in all cases. 
There were no significant changes in maternal heart rate, blood 
pressure, or fetal distress during the lumbar anesthesia. 

Blood sampling and extraction. Cord blood was drawn just 
after birth from the cord artery and vein. Maternal venous blood 
samples were obtained during delivery. Blood samples were 
collected into tubes containing EDTA, and centrifuged at 3000 
rpm for 10 min at 4°C. Plasma samples were stored at -80°C 
until assayed. 

Plasma samples were extracted as described previously (5) with 
some modifications. Amprep C2 mini-columns (Amersham Ja- 
pan, Tokyo) were equilibrated by washing with 2 mL methanol, 
followed by 2 mL deionized water and 5 mL 0.1 % (TFA). Plasma 
was acidified by the addition of 2 M HC1, centrifuged at 3000 
rpm for 10 min at 4"C, and loaded onto the column. After 
washing with 5 mL deionized water/O.l% TFA, the materials 
adsorbed to the column were eluted with 2 mL 0.1 % TFA/80% 
methanol. The extracts were evaporated under a stream of nitro- 
gen. The mean recovery of standards ET- I from plasma was 6 1 
+ 3% (n = 4) after the extraction procedure. 

RIA of ET-I. ET-1 RIA was performed essentially in the same 
manner as reported (5) using a new polyclonal antibody specific 
for ET-1 (16). Samples were reconstituted with the assay buffer 
(50 mM phosphate buffer, pH 6.8, containing 0.9% NaCl, 1 mM 
EDTA, 0.005% Triton X-100,0.05% NaN3 and 0.3% bovine y- 
globulin). Each 0.1-mL sample or standard ET- 1 (Peptide Insti- 
tute, Inc., Osaka, Japan) and 0.05-mL rabbit anti-ET-1 serum 
(final dilution: 1:30 000) was preincubated at 4°C for 48 h, 
followed by the addition of 0.05 mL 1251-ET-l (Amersham Inter- 
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national plc, UK). After 24 h incubation, the bound from free 
ligand was separated by the double antibody/polyethylene glycol 
method (5). The minimum detectable quantity in the present 
ET-1 RIA was 0.3 pg/tube, and the 50% intercept was 9 pg/ 
tube. The antibody was specific for ET-1 because it crossreacted 
100% with ET-1, but less than 0.01 % with ET-2 and ET-3, and 
1 % with human big ET- 1 and porcine big ET- 1, respectively, on 
a molar basis (16). The intra- and interassay coefficients of 
variance were both less than 10%. 

Blood gas analysis and measurements of serum enzymes. The 
cord venous and arterial blood samples from all the asphyxiated 
infants were analyzed for blood gas using a Corning Blood Gas 
Analyzer (178 Corning Specific Instrument, Medford, MA) at 
37°C. Serum levels of lactic acid dehydrogenase (LDH), creatine 
phosphokinase (CPK) and aspartate aminotransferase (GOT) in 
the asphyxiated infants just after birth were measured by an 
Autoanalyzer (Beckman Astra-8, Beckman, Instruments, Inc., 
Fullerton, CA). 

Statistical analysis. Data were expressed as the mean + SD. 
Statistical analysis was performed using Student's t test for un- 
paired data and paired t test for paired data. p values less than 
0.05 were considered statistically significant. 

RESULTS 

Plasma irET-1 concentrations obtained simultaneously from 
the umbilical artery and vein from eight full-term healthy infants 
were 13.5 f 3.1 pg/mL and 15.8 k 4.4 pg/mL, respectively; they 
were far greater than those of the unpaired maternal vein (3.0 f 
1.9 pg/mL) obtained during normal vaginal delivery (Fig. IA, p 
< 0.001). Two paired fetal and maternal irET-1 levels simulta- 
neously obtained just after birth were 1 1.6 versus 2.6 pg/mL and 
12.4 versus 3.5 pg/mL, respectively. There was no significant 
difference in cord venous plasma irET- 1 concentrations between 
healthy preterm and full-term infants born vaginally (Fig. 1 B).  

Cord venous plasma irET- 1 concentrations, blood pH, and 
base deficit in preterm and full-term infants born without com- 
plications by vaginal delivery and those by cesarean section were 
compared (Table 2). Plasma irET-1 levels in infants born vagi- 
nally were significantly ( p  < 0.05) higher than those in infants 
delivered by cesarean section without labor, whereas the former 
group had a significantly lower blood pH and a larger base deficit 
than the latter group. 

The arterial blood gas in vaginally delivered infants with 
asphyxia (1-min Apgar score 56)  showed a remarkably reduced 
pH (7.04 k 0.1) and a great base deficit (1 1.6 + 6.3 mEq/L). 
The asphyxiated infants had elevated serum levels of LDH 
(1428.8 + 573.3 IU/L), CPK (1224.5 k 82.8 IU/L), and GOPT 

Table 1. Clinical characteristics of infants examined in this 
study* 

Preterm Full-term 
No. (M/F) n = 14 (10/4) n = 21 (10/11) 

Gestational age (wk) 32.0 + 2.7 38.9 a 1.1 
(28-36) (37-41) 

Birth wt (g) 1865 + 737 3.562 + 889 
(800-3200) (2900-4870) 

I -min Apgar score 6.8 2 1.8 8.0 + 1.5 
(3-9) (4- 10) 

Neonatal asphyxia (I-min Apgar 7 3 
score 56)  

Mode of delivery 
Vaginal delivery 

Nonasphyxia 5 12 
As~hyxia 3 3 - .  

Cesarean section 
Nonasphyxia 
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r N.S. --, 
A 

r P  < o.ooll 
P < 0.001 ---, FN.s. --, 

s 
Fig. I. irET-1 concentrations of ( A )  umbilical artery (O), vein (0), 

and maternal peripheral vein (O), and of (B) umbilical venous blood in 
preterm (0 )  and full-term (0 )  infants. Bars show SD. N.S., not significant 
( p  > 0.05). 

h 

Table 2. Plasma irET-I, pH, and base deJicit in umbilical 
venous blood in healthy infants delivered vaginally and by 

Cesarean section* 
Vaginal Cesarean 
delivery section P 

Mode of delivery (n = 171 (n = 81 value 

B 
c2: 
a 

irET- 1 (pg/mL) 15.4 + 4.9 11.1 + 3.1 <0.05 
pH 7.28 a 0.05 7.32 + 0.04 <0.05 
Base deficit (mmol/L) 7.1 k 2.4 3.2 k 1.4 <0.01 

* Data are expressed as mean + SD. 

O umbilical Umbilical Maternal 
arterv vein vein 

0- Asphyx~a non- Asphyx~a 

Fig. 2. irET-1 concentrations of the umbilical vein in infants with 
(0 )  or without (0 )  asphyxia. Bars show SD. p > 0.05, not significant. 

(76.3 + 29.7 IU/L). As shown in Figure 2, plasma irET-1 
concentrations in the asphyxiated infants (28.2 + 7.5 pg/mL) 
were significantly (p  < 0.001) greater than those in the nonas- 
phyxiated infants (14.2 + 4.5 pg/mL). 

DISCUSSION 

Asphyxia 3 1 The present study clearly showed that plasma irET- 1 concen- 

* Data are presented as mean + SD. trations in human fetal blood were remarkably higher than those 
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in maternal blood, although there were neither significant differ- 
ences in plasma irET- 1 levels between umbilical cord artery and 
vein nor between preterm and full-term infants of uneventful 
vaginal delivery. Our data are consistent with those previously 
reported (14, 15). However, fetal plasma irET-1 concentrations 
in the present study were somewhat lower (l4), but much greater 
(15), than those reported by others. The apparent discrepancy 
may be mainly due to the different assay systems, particularly 
different antibodies used in RIA. We have used specific ET-1 
antibody, which does not show any crossreactivities with big ET- 
1 or ET-3, both of which circulate in human blood (10, 17). 
Thus, cord plasma levels as determined in the present study 
should actually reflect circulating ET-1 in the fetal circulation. 

Cord venous irET-1 levels in vaginally delivered infants were 
significantly higher than those in infants delivered by cesarean 
section without labor, although none of them were asphyxiated. 
When gas analysis of cord venous blood was compared between 
these infants, the vaginally delivered infants had lower pH and 
greater base deficit than those delivered by cesarean section. 
During labor, uterine contraction alters fetal oxygenation by 
reducing maternal placental blood flow (IS), and a relative 
asphyxia is always present, mostly of a very short duration. 
Although we failed to examine the fetal arterial blood gas in this 
study, it appears that the infants born by uneventful vaginal 
delivery are more acidotic than those delivered by cesarean 
section without labor. Therefore, the reduced gas exchange 
through the placenta found in vaginally delivered infants is likely 
due to reduction of the placental blood flow by uterine contrac- 
tion during labor, which may be responsible for the increased 
fetal ET-1 levels in the fetal circulation. 

The present study further demonstrated that cord plasma irET- 
1 concentrations in the asphyxiated infants as determined by 1- 
min Apgar score were significantly higher than those in the 
nonasphyxiated infants born by vaginal delivery. The as- 
phyxiated infants in this study had severe hypoxia and acidosis 
associated with elevated serum LDH, CPK, and GOT levels (19, 
20). These observations led us to suggest that the hypoxic and/ 
or acidotic conditions that occurred during vaginal delivery with 
labor may induce an increase in synthesis and/or secretion of 
ET-1 in the fetal circulation at birth. Recently, it has been 
reported that hypoxia directly stimulates ET-1 release from rat 
mesenteric arteries in vitro (2 l), and the experimental asphyxia 
also caused the increased plasma irET-1 levels in the pig (22). 
These observations lend strong support to our suggestion. 

It seems likely that labor and vaginal delivery is more stressful 
to the fetus than cesarean section without labor, because 
compression of the head and body in the process of fetal descent 
and passage through the birth canal induce the release of stress 
hormones, such as catecholamines and arginine vasopressin, into 
the fetal circulation (23, 24). It should be noted that both 
adrenaline and vasopressin stimulate an induction of mRNA for 
ET- 1 precursor and release of ET- 1 from endothelial cells in vitro 
(1, 25). It seems unlikely, however that these stress hormones 
circulate in such extremely high concentrations as used in vitro, 
during delivery and asphyxia. Interestingly, a recent study dem- 
onstrated that human preproendothelin-1 gene contains hexa- 
nucleotide consensus sequences known as acute-phase reactant 
regulatory elements, which are thought to mediate the induction 
of gene expression under acute physical stress in vivo (26). 
Previous clinical observations have described that circulating 
irET-1 levels are transiently elevated after various physical 
stresses in man, including major surgery (1 2), acute myocardial 
infarction (lo), subarachnoid hemorrhage (13), and acute renal 
failure (9). Therefore, it is reasonable to speculate that the fetus 
is vulnerable to the transient stress during labor and vaginal 
delivery by which the expression of ET-1 gene in vascular en- 
dothelium may be induced as an acute-phase reactant. 

The main source of ET-1 in the fetal circulation could not be 
elucidated from the present study. The significantly higher levels 
of irET- 1 in the fetal blood compared to those in maternal blood 

may reflect the fetal production of the peptide. Although active 
transport of ET-1 across the placenta could result in elevated 
fetal levels, the absence of its umbilical arterio-venous difference 
as reported by others (1 5) and by us argue against the possibility. 
However, we should consider the placenta to be a possible source 
for synthesis and secretion of ET-1 because the peptide was first 
cloned from a placental cDNA library (2). 

It remains unclear what physiologic function(s) ET-1 has in 
the fetus during pregnancy and partus. It has been shown that 
human umbilical vessels constrict in response to exogenous ET- 
1 in a dose-dependent manner with a threshold concentration of 
100 pM in vitro, which suggests the possible contribution of ET- 
1 to the closure of human umbilical vessels at delivery (14). 
Plasma irET- 1 concentrations in the fetal circulation as measured 
by RIA in the present study and others (14, 15) were estimated 
to be about 10 times less than those used to induce such phar- 
macologic effects. However, the local concentration of ET-1 
should be much higher at the interface of the vascular endothe- 
lium and smooth muscle than that in the bloodstream. It would, 
therefore, be possible that endogenous ET-1 may act on the 
underlying vascular smooth muscle cells via the paracrine mech- 
anism. 

It is well recognized that hypoxia and acidemia during the fetal 
life lead to potent vasoconstriction and raised systemic blood 
pressure (27, 28). Thus, our observations of the increased circu- 
lating fetal irET-1 levels triggered possibly by birth stress and 
more profoundly by asphyxia suggest that endogenous ET-1 may 
play physiologic/pathophysiologic role@) in redistribution of 
blood volume to vital organs and/or constriction of placental 
vessels that take place at the time of birth. Recent studies have 
further demonstrated the presence of specific ET- 1 receptors in 
the human placenta (29, 30) and the pressor effects of ET-1 in 
the human fetoplacental cotyledon (29). Taken together, ET-1 
may have some regulatory roles in maintaining the vascular 
tonus as well as blood flow in the fetoplacental circulation system 
at birth. 
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