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Summary plasma CAT. In an earlier studv of ~ l a s m a  CAT in the fetal sheep 

The present studies were designed to assess the individual 
effects of delivery and umbilical cord cutting on the stimulation of 
the sympatho-adrenal system during parturition. Pregnant ewes 
with time-dated singleton pregnancies were used in an acutely 
exteriorized fetal lamb model with an intact umbilical circulation. 
We observed a minimal, transient elevation in plasma catechol- 
amines (CAT) coincident with the operative procedures and deliv- 
ery. Subsequent cord clamping was observed to evoke a rapid and 
marked increase of both norepinephrine and epinephrine (E), 
maximal at 5 min and persisting over the 4 h r  study period. 
Animals could be grouped on the basis of the observed CAT 
responses, severity of postpartum acidosis, the extent of free fatty 
acid (FFA) mobilization and degree of postpartum hypothermia. A 
blunted FFA response and slower correction of hypothermia were 
observed in the more acidotic animals despite higher CAT concen- 
trations. One group of four animals had high peak CAT concen- 
trations, 32,000 pg /d  norepinephrine and 35,000 p g / d  E, a deep 
nadir in pH of 6.88 k 0.09, a 2-hr delay in maximal FFA mobili- 
zation and slower correction of hypothermia. The other group of 
four animals had peak norepinephrine of 2800 pg/ml and E of 1100 
pg/d,  a nadir in pH of 7.09 * 0.08, maximal plasma FFA 
concentration by 1 hr after cord cutting and a higher nadir in body 
temperature 35.7 versus 32.S°C. The results demonstrate that 
umbilical cord cutting itself is a potent stimulus for fetal CAT 
release and FFA mobilization. Acidosis is capable of markedly 
augmenting E release in the mature fetus and obtunding chemical 
thermogenesis. 

Speculation 

The marked catecholamine surge evoked by umbilical cord 
cutting at the time of birth appears to be a major factor triggering 
the metabolic events facilitating ada~tation to extrauterine life. 
The mechanism for the catechoiamine release is uncertain. How- 
ever, cardiovascular and chemoreceptor mediated activation of 
autonomic nervous system activity probably are involved. The 
separate contributions of increased p&tganglionic neurosympath- 
etic activity and adrenal-medullary catecholamine release to n w  
natal adaptation should be explored further. 

Previous work in a variety of animals (9) and man (15) suggests 
that the sympatho-adrenal system is relatively mature at term. 
Substantial catecholamine release has been observed in the near 
term fetal sheep in response to a variety of stimuli including 
hypoxia (8), maternal blood volume depletion (2), and maternal 
exercise (18). In the human newborn we and others (13, 21, 23) 
have shown striking elevations of plasma catecholamine (CAT) in 
both umbilical blood samples and neonatal blood drawn in the 
first minutes and hours of life. In each of the studies reported to 
date there was a marked umbilical artery to umbilical vein CAT 
concentration difference suggesting a fetal origin for the cord 

before and during parturition h e  demonstrated basal circulating 
levels at greater than 90 hr before delivery with a gradual rise 
beginning with the onset of labor and high peak levels just prior 
to delivery (12). 

It has not been possible, however, to dissociate the contributions 
of labor, delivery, and umbilical cord cutting as stimuli for CAT 
release in the newborn. It is known that cord plasma CAT levels 
are similarly elevated in vaginally delivered and cesarean section 
delivered newborns suggesting that labor per se is not a primary 
stimulus to CAT release (13, 21). Cord cutting is of particular 
interest because of the variety of metabolic and cardiovascular 
changes that have been observed with severence of the umbilical 
circulation. With birth and cord cutting there is a sudden increase 
in systemic blood pressure, closure of fetal shunts and an increase 
in cardiac output and cardiac work (27). Similarly, a variety of 
metabolic events are stimulated including hepatic glucose output, 
free fatty acid mobilization, nonshivering (chemical) thermogen- 
esis, and production of triiodothyronine by peripheral tissues. We 
and others have demonstrated the importance of umbilical cord 
cutting itself in the initiation of these metabolic events (28, 17). 

The present studies were designed to assess the individual effects 
of delivery and umbilical cord cutting on the stimulation of the 
sympatho-adrenal system during parturition. The results indicate 
that umbilical cord cutting is an important stimulus for CAT 
release. The implications for the physiologic adaptations to ex- 
trauterine life are discussed. 

MATERIALS A N D  METHODS 

ANIMAL PREPARATION 

Eight Rambouillet-Columbia cross-bred ewes with time-dated 
singleton pregnancies near term were used in all studies; mean 
gestational age was 144 f 2 days. All ewes were acclimated to the 
laboratory environment prior to surgery. On the day before sur- 
gery, food (alfalfa pellets) was withheld but the ewe was allowed 
access to water. Animals were premedicated with xylazine fol- 
lowed by spinal or epidural anesthesia. The pregnant uterine horn 
was exposed through a midline abdominal incision and individual 
fetal parts were identified by palpation. The fetal hindlimb was 
delivered through a small uterine incision and the fetal dorsal 
hindlimb artery was catheterized with a polyethelene catheter of 
appropriate size passed to the level of the descending abdominal 
aorta. The animal was delivered onto the maternal abdomen 
shortly after catheterization. There was careful attention to avoid 
traction or trauma to the umbilical cord. The exteriorized cord 
was covered with warm saline gauze and the fetal head was 
covered immediately with a warm saline-filled glove. The umbil- 
ical vessels remained filled and pulsated normally. Body temper- 
ature was monitored with an indwelling rectal probe. 

Blood samples for CAT, blood gases, and free fatty acid (FFA) 
measurements were drawn after catheterization, immediately after 
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delivery and intermittently until the time of cord clamping. Des- 
ignations of -60, -45, -30, -15, -5, and 0 rnin are referred to 
zero time as cord clamping. After 1 hr of observation the umbilical 
cord was clamped, the saline-filled glove was removed and the 
animal was allowed to breathe spontaneously. Blood samples were 
subsequently obtained at 5,15,30,60,120,180, and 240 min. Four 
milliliters of blood were collected each time and after cord clamp- 
ing all samples were replaced with fresh heparinized residual 
placental blood (I unit/ml blood). 

Plasma was separated, quick frozen in liquid nitrogen and 
stored at -70°C until subsequent assay. Plasma norepinephrine 
(NE) and epinephrine (E) concentrations were determined in 
duplicate 50-4 aliquots of plasma using a modifkition of the 
single isotope radioenzymatic assay of Passon and Peuler (25) as 
modified by Johnson and Peuler (19). The sensitivity of the assay 
is 1 to 2 pg for NE and E. 

Duplicate 100-4 samples were assayed for FFA using the 
colorimetric microdetermination described by Soloni and Sardina 
(29). All blood gas measurements were conducted using 0.3-ml 
heparinized blood and a Radiometer blood gas analyzer with 
temperature corrected to 39°C. 

Statistical analysis was performed by two-way analysis of vari- 
ance (ANOVA) for evaluation of differences between groups over 
the base line observation period and following umbilical cord 
cutting. Logarithmic transformation was applied to all hormone 
concentration data before statistical manipulation. CAT concen- 
trations at each time point are expressed in text as geometric mean 
concentration, with 95% confidence limits of the mean in paren- 
theses. In the figures, results are expressed as geometric mean 
(*S.E.) and displayed on logarithmic scales. Other calculated 
parameters are expressed as mean f S.E. 

RESULTS 

Inspection of the results of the present study revealed two 
groups of animals which could be clearly distinguished by the 
magnitude of their plasma CAT responses to cord cutting, the 
severity of postpartum acidosis, the degree of hypothermia, and 
the extent of rise in plasma FFA concentrations aAer cord clamp- 
ing. There were no differences in gestational age, birth weight, or 
mode of delivery that would have distinguished them beforehand. 
These groups are designated group I (four animals) and group I1 
(four animals). The group I animals had significantly lower pH 
values before cord cutting and postpartum, and evidenced more 
severe postpartum hypothermia. After cord cutting the increments 
in plasma NE and E levels were greater and the increase in plasma 
FFA concentration less than in the group I1 animals. 

Mean fetal plasma NE and E concentrations are shown in 
Figures 1 and 2, respectively. The effects of surgical manipulation 
and delivery on plasma CAT concentrations are reflected in the 
-60 to zero time samples. As noted, delivery evoked a significant 
elevation of plasma NE and E levels to 908 (737 to 11  19) and 197 
(18 1 to 214) pg/ml and 418 (214 to 506) and 105 (82 to 125) pg/ 
ml in groups I and 11, respectively. These values returned quickly 
(by the -30-min sampling) to basal levels. The plasma NE and E 
levels averaged over the subsequent observation period (-30 to 0 
min) were 353 (253 to 494) and 16 (12 to 21) pg/ml in group I and 
174 (99 to 304) and 12 (11 to 13) pg/ml in group 11. Group 
differences in postdelivery peak and subsequent nadir plasma 
CAT values were small. There were no differences in precord 
cutting E values. Group I animals, however, had higher precord 
cutting NE concentrations than group I1 (P c 0.05). 

After umbilical cord clamping there was a dramatic rise in 
plasma CAT levels in both groups of animals. Plasma levels of 
NE and E in group I animals rose to 3 1,952 (21,030 to 48,548) and 
34,753 (15,747 to 76,699) pg/ml, respectively at 5 rnin and 7,596 
(3,482 to 16,569) and 20,000 (18,491 to 21-630) pg/ml, respec- 
tively, at 15 min. In group I1 animals there was a similar dramatic 
rise but of a significanttly lower magnitude. NE and E levels at 5 
rnin were 2,819 (1,117 to 7,114) and 695 (162 to 2,982) pg/ml, 
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Fig. I .  Plasma norepinephrine pg/ml in group I and I1 lambs during 
the period of study. Zero time refers to the time of umbilical cord cutting 
(UC). Animals were delivered (D) 35 to 45 rnin before cord cutting. 
Values are recorded as geometric mean and S.E. Values for groups I and 
I1 compared by two-way ANOVA during the period before ( P  < 0.05) 
and after cord cutting ( P  < 0.0001). 

respectively, and 1,101 (369 to 3,291) and 1 16 (71 to 19 1) pg/ml, 
respectively, at 15 min. The differences in NE and E concentra- 
tions between the two groups when compared by two-way 
ANOVA were significant over the entire 240 min. observation 
period, P < 0.0001 and <0.0001, respectively. 

The mean blood gas results are shown for the two groups of 
animals in Table 1. There was a slight but significantly lower pH 
in the group I lambs before cord clamping. There were no signifi- 
cant differences in blood Po2 or Pcoz values between the groups 
over the observation period. 

The changes in plasma FFA levels observed over the study 
period are summarized in Figure 3. Group I lambs had a later, 
more attenuated rise in FFA than the group I1 animals; this 
difference which was signscant (P  < 0.001) persisted over the 
entire postcord cutting period. The blunted FFA response in the 
group I animals correlated with a more marked post cordcutting 
hypothermia; this is evident from the time courses of the temper- 
ature responses of the two groups. The nadir in body temperature 
in the group I animals (32.5"C) was lower than that in group I1 
(36°C) (Fig. 4). Moreover, the group I1 animals regained body 
temperature sooner. These differences compared over the 240-min 
observation period were significant by two-way ANOVA (P < 
0.01). 

The nature of the CAT response was investigated by comparing 
the ratios of plasma NE and E concentrations at various time 
points in the two groups of animals. The plasma NE/E ratio data 
are shown in Table 2. The base line ratios are similar. In the group 
I animals there was a striking reduction in the NE/E ratio at 5 
and 15 rnin such that E was the predominant plasma CAT. A 
similar trend was noted in the group I1 animals; however, no 
reversal of the NE/E ratio was observed. 
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DISCUSSION 

In earlier studies of sympatho-adrenal activity in response to 
parturition it has not been possible to differentiate the effects of 
labor, intrapartum asphyxia, delivery, and cord clamping on CAT 
release. In the present study we observed a minimal CAT response 
coincident with the operative procedures and/or delivery from the 
uterus. This was transient, and within 30 min plasma CAT levels 
returned to base line values comparable to basal nonstressed fetal 
concentrations reported earlier from our laboratory (12). Subse- 
quent umbilical cord clamping was observed to evoke a rapid and 
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Fig. 3. Plasma free fatty acid (equivalents/liter) in group I and I1 lambs 
during the period of study. Zero time refers to the time of umbilical cord 
cutting ( UC). Values are recorded as mean and S.E. Values for groups I 
and I1 compared by two-way ANOVA after cord cutting ( P  < 0.001). 
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Fig. 2. Plasma epinephrine pg/ml in group I and 11 lambs during the 
period of study. Zero time refers to the time of umbilical cord cutting 
(UC). Animals were delivered (D) 35 to 45 min before cord cutting. 
Values are recorded as geometric mean and S.E. Values for groups 1 and 
11 compared by two-way ANOVA during the period before (not signifi- 
cant) and after cord cutting ( P  < 0.0001). 
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Fig. 4. Rectal temperature ("C) in group I and 11 lambs during the 
period of study. Zero time refers to the time of umbilical cord cutting 
(UC). Values are rewrded as mean and S.E. Values for groups I and I1 
compared by two-way ANOVA after cord cutting (P < 0.01). 

Table 1. Blood gas values in group I and I I  lambs' 

Time (min) 
Group I Group 11 p2 Group I Group 11 

Base line 7.18 * 0.02 7.29 * 0.02 0.025 21 f 0.7 20 * 0.83 
5 6.88 * 0.09 7.09 * 0.08 NS 30 * 18 20 * 3 

15 6.90 f 0.04 7.13 * 0.06 0.05 44 * 11 39 + 5 
30 6.87 * 0.01 7.17 * 0.06 0.05 39 * 13 3 5 t 4  
60 6.91 * 0.05 7.20 * 0.04 0.05 45 * 10 4 4 f  8 

120 7.05 f 0.07 7.24 * 0.05 NS 42 * I 4 1 * 8  
180 7.13 * 0.05 7.28 f 0.05 NS 49 It 8 49 * 4 
240 7.23 * 0.08 7.31 * 0.03 NS 52 * 2 44*6  

I Each group included 4 animal preparations. All values are recorded as mean * S.E. 
' Not significant. 

Group I 

51 * 2.0 
74 * 8.0 
75 * 10.1 
90 * 20.2 
85 * 14.2 
65 k 12.0 
55 It 12.5 
48 * 1.0 

Group I1 

48 * 1.3 
82 * 7.6 
74 * 4.4 
71 * 5.6 
70 * 38.9 
66 * 10.9 
59 * 3.7 
56 rt 5.0 
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Table 2. Mean fetal and newborn N E / E  ratios before and after 
umbilical cord cutting 

Time (min) Group I '  Group 11' 

' Four animals. 

marked increase of both plasma NE and E levels, presumably 
through sudden discharge of the neurosympathetic system. 

Our study animals could be separated into two distinct groups 
on the basis of the observed CAT responses, the severity of 
postpartum acidosis, the extent of subsequent FFA mobilization, 
and the degree of postpartum hypothermia. There were significant 
differences between groups for each of these criteria. Group I 
animals showed a more striking elevation in CAT and yet blunted 
FFA and thermogenic responses. Blood Po2 values, however, were 
not different in the two groups of animals at any period of 
sampling, whereas pH values were significantly lower in group I 
animals before and after umbilical cord cutting. 

The precise stimulus for the observed CAT response to cord 
cutting is not entirely clear. Dawes (1 1) suggested that several 
stimuli (thermal, proprioceptive, baroreceptors, etc.) operating 
through central processes evoke a generalized neurosyrnpathetic 
discharge at the time of birth. In a previous study designed to 
dissociate the influence of neonatal cooling and cord cutting on 
triiodothyronine (T3) release, delayed cord cutting produced 
marked hypothermia; however the increases in serum FFA and 
T3 concentratiops were not observed until the cord was cut (12). 
Those observations suggested that the CAT release responsible for 
the profound increases T3 and FFA did not occur, despite hypo- 
thermia, until cord cutting. Since return to baseline concentration 
of plasma CAT was observed during the period before cord cutting 
in this study, thermal, tactile, and proprioceptive stimuli were 
dissociated from cord cutting as signals for the CAT release 
observed. These results suggest, therefore, that umbilical cord 
cutting itself significantly augments circulating CAT at birth. The 
umbilical cord lacks innervation so that neurally mediated effects 
of mechanical stimulation of the umbilical cord is unlikely. Purves 
and Briscoe (26) observed that when the cord is clamped there is 
a marked increase in postganglionic activity in the cervical sym- 
pathetic nerves and a comparable increase in chemoreceptor 
activity. Sudden, marked changes in total peripheral resistance 
and stimulation of baroreceptor activity are likely important 
mechanisms for the initiation of this reflex. 

Plasma CAT represents leakage from the sympathetic nervous 
system as well as secretion from chromaffin tissues of adrenal 
medullary and extramedullary origin. Secretion from the adrenal 
medulla can be neurally induced or stimulated directly in response 
to hypoxia. The latter evokes a predominant NE response while 
the nature of the neurally mediated response depends on the 
degree of fetal development. As term gestation is approached the 
proportion of E in the adrenal medulla increases (9). Similarly the 
magnitude of the nervous component of fetal adrenal CAT dis- 
charge and the proportion of E released in response to stress 
increase near term. In fact, in the sheep fetus the adrenal medulla 
appears to be virtually unresponsive to nerve stimulation until the 
last 20 days of fetal life. There is then a very rapid increase in 
CAT secretion and an increase in the proportion of E released (7). 

The striking differences in the NE/E ratios in our two groups 
of animals suggest a larger, neurally mediated adrenal medullaw 

release of E in the group I animals. Previous observations in the 
acutely exteriorized fetal lamb suggested that hypoxia was more 
potent than acidosis as a stimulus for CAT release (8). These 
observations were, however, conducted in relatively immature 
animals (1 15 to 130 days). Our results demonstrate acidosis in 
mature animals is capable of markedly augmenting CAT release 
presumably through increased neurosyrnpathetic efferent activity. 
This may be due to altered chemoreceptor sensitivity which fol- 
lows cord clamping (26). 

The present studies have demonstrated the importance of this 
CAT response to extrauterine nonshivering thermogenesis mani- 
fest both as FFA release and maintenance of body temperature. 
The FFA concentrations observed and their potential importance 
in neonatal adaptation is similar to the previous observations of 
Van Duyne et al. (3 1). The importance of the post cord clamping 
neurosyrnpathetic discharge for postnatal carbohydrate homeosta- 
sis has been studied (30, 17). In the chronically catheterized ovine 
fetus at term, glucagon release and inhibition of insulin release 
were noted in response to E infusion and these effects could be 
blocked by propranolol and stimulated by cord cutting. Thus, the 
neonatal CAT surge probably both directly and by increasing the 
glucagon/insulin secretion ratio stimulates glycogenolysis and 
gluconeogenesis and increases hepatic glucose output. 

Recent work suggests a role for adrenergic mechanisms in the 
release of pulmonary surfactant at birth (0, 14, 33), in inhibition 
of tracheal fluid production rate (3, 22, 32) and in surfactant 
synthesis (20). Ontogeny of P-adrenergic receptors in lung ho- 
mogenates and an acceleration of this maturational phenomenon 
in response to maternal glucocorticoid administration has been 
recently reported (6). 

The adaptive carddiovascular functions potentially subserved 
by the postcord clamping neurosyrnpathetic discharge are numer- 
ous. With birth there is an increase in systemic blood pressure, a 
drop in pulmonary vascular resistance, closure of fetal shunts and 
an increase in cardiac output and cardiac work (27). Using an 
acutely adrenalectomized puppy, Geis et al. (16) suggested that 
circulating CAT plays a greater ole in the maintenance of cardio- 
vascular homeostasis in the 2- to 14-day-old puppy than in the 
adult dog. While the ductus arteriosus is innervated and the 
isolated ductus shows a constrictor response to adrenergic agonists 
in vitro, CY and /3 adrenergic blockade did not block the constrictor 
response of the isolated ductus to increasing Pon levels (1,4,24); it 
is unclear, therefore, what role the neonatal CAT surge plays in 
regulation of the ductus arteriosus blood flow. Similarly, while 
there are maturing adrenergic effector mechanisms in the devel- 
oping kidney(s) (5), the precise renal circulatory effects of the 
neonated CAT surge remain to be elucidated. 

The present studies demonstrate the rapid and dramatic rise in 
plasma norepinephrine and epinephrine which occurs after um- 
bilical cord cutting. The observed response is probably a reflection 
of a generalized increase in neurosyrnpathetic activity and neurally 
mediated adrenal epinephrine release. A role for the CAT surge 
in FFA mobilization and chemical thermogenesis was suggested 
by the data and the magnitude of the response was sufficient to 
suggest an important role in other metabolic and cardiovascular 
aspects of newborn adaptation. The separate contributions of 
increased postganglionic neurosympathetic activity and adrenal- 
medullary CAT release to newborn adaptation should be explored 
further. 
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