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Abstract

Parturition is a natural event that involves stress and pain for
the mother. We thus hypothesized that levels of stress
hormones measured during parturition could reflect levels
reached in response to severe discomfort and pain of other
kinds as well. The aim of this study was therefore to
determine whether plasma concentrations of cortisol,
adrenaline, noradrenaline, â-endorphin, met-enkephalin,
vasopressin and oxytocin vary depending on the phase and
severity of labour in dairy heifers (ten) and dairy goats (six),
and how these hormones interact with each other. Blood
samples were taken once a day for 3 days before labour and
for 3 days afterwards and at predetermined phases during
labour. All heifers delivered one calf and five of them
needed obstetrical assistance. Two of the goats delivered one
kid, and four had twins; all kidded without help. The
cortisol concentration peaked when the calf and the first kid
were born. In the heifers, plasma adrenaline increased after
delivery, while the noradrenaline concentration did not
change significantly in heifers that needed assistance, but
increased during expulsion in heifers calving without help.
In the goats, adrenaline and noradrenaline concentrations
increased in association with expulsion of the first kid. The

â-endorphin concentration increased during labour in goats.
In heifers that needed assistance, â-endorphin concentration
increased 1 h after labour but there was no change in heifers
that did not need assistance. The met-enkephalin concen-
tration was elevated during expulsion in heifers and fluctu-
ated in the goats. Both oxytocin and vasopressin increased
during expulsion in both groups of heifers, but vasopressin
increased four times more in heifers needing assistance. In
the goats, oxytocin reached its highest levels just as the feet
of the first kid became visible, and vasopressin peaked as the
head emerged. Parturition took longer in heifers that needed
assistance than in those that did not. It is concluded that,
even though the pattern of change differed between hor-
mones during labour, the changes were related to the phases
of labour. A longer labour therefore meant that the hormone
concentrations stayed elevated for longer. Vasopressin
reached high levels in goats and was the only hormone for
which plasma concentrations were higher in heifers that
needed assistance than in those that did not, indicating that
this hormone is released in order to deal with the pain-
related stress associated with labour.
Journal of Endocrinology (1999) 160, 75–85

Introduction

A number of physiological variables, including levels of
various hormones, have been analysed in order to objec-
tively evaluate the effects of a stressful situation. This study
is part of an ongoing investigation aimed at finding better
ways to evaluate well-being in animals. Parturition is a
natural event that involves stress and pain for the mother.
We thus hypothesized that levels of stress hormones
measured during parturition could reflect levels reached in
response to severe discomfort and pain of other kinds as
well. Although parturition-induced changes in plasma
concentrations of stress hormones, e.g. cortisol, opioids and
catecholamines, have aroused considerable interest, the

interrelations among plasma concentrations of these hor-
mones in relation to the severity of labour are still not clear.
It is often the case that blood sampling techniques,
sampling time, etc. vary from study to study, which
makes comparisons difficult. Therefore we decided to
withdraw blood at the same predetermined phases of
labour in heifers and goats in order to characterize changes
in plasma concentrations of cortisol, adrenaline, nor-
adrenaline, â-endorphin, met-enkephalin, vasopressin and
oxytocin, and to relate these changes to the severity and
time of labour. To the best of our knowledge, these
hormones have never previously been measured in the
same samples during each phase of parturition in heifers
and goats.

75

Journal of Endocrinology (1999) 160, 75–85 ? 1999 Society for Endocrinology Printed in Great Britain
0022–0795/99/0160–0075 $10.00/0

Downloaded from Bioscientifica.com at 08/25/2022 07:49:45PM
via free access



It is generally accepted that the perception of pain is
similar in human beings and other mammals; therefore it
can be assumed that what is painful in humans is also
painful in animals (Soma 1985, Kitchell 1987). In women,
a direct correlation between plasma cortisol levels and the
duration of labour has been observed (Burns 1970).
Bacigalupo et al. (1990) reported that pain intensity, scored
by women during spontaneous labour, correlated posi-
tively with the concentration of plasma â-endorphin and
cortisol. Plasma levels of cortisol and â-endorphin are
elevated during labour in cattle (Hudson et al. 1975,
Aurich et al. 1993) and goats (Hydbring & Olsson 1995),
but there are no reports of any correlations between these
hormones and the severity of labour in ruminants.

Oxytocin is released simultaneously with vasopressin in
many situations, but the hormones are also released
independently (Chard 1971, Fuchs & Saito 1971, Kasting
1988). Although the importance of oxytocin in labour has
been documented, less is known about the role of vaso-
pressin. High levels of vasopressin are found in foetal blood
during birth, but reports on changes in the mother are
conflicting (Forsling et al. 1979, Leake & Weitzman 1979).
Vasopressin can be regarded as a stress hormone since it is
released in connection with various types of stress, e.g.
restraint and use of a nasogastric tube (Nyman et al. 1996),
dehydration and haemorrhage (Carter & Altemus 1997),
heavy exercise (Wade 1984) and parturition (Kendrick
et al. 1991).

In a previous investigation involving three of the goats
in this study, we found that blood pressure and heart rate
during parturition rose in parallel with increases in plasma
adrenaline and noradrenaline concentrations (Hydbring
et al. 1997). Changes in these parameters correlated
with the phases of labour, with peak values registered
during expulsion of the first kid. In the present study, we
wanted to determine how plasma adrenaline and nor-
adrenaline concentrations correlated with plasma cortisol,
â-endorphin, met-enkephalin, vasopressin and oxytocin
concentrations during each phase of labour in heifers and
goats.

Materials and Methods

Animals and experimental procedure

Both the heifers and goats were well adapted to being
handled. The care of the animals and the experimental
design of the study were approved by the local animal
ethics committee in Uppsala.

The heifers

Ten dairy heifers (26–35 months old), six of the Swedish
Red and White (SRB) and four of the Swedish Friesian
(SLB) cattle breed, were studied. Close to calving, the

animals were fed 5 kg silage, 2·5 kg hay and 5 kg concen-
trates each day. Calving was estimated to occur 280 days
after insemination. Blood samples were removed by veni-
puncture, once a day at 0900 h, beginning 10–15 days
before the estimated calving time, and 3 days after calving.
When calving was imminent (i.e. 1–5 days before the first
labour pains were observed), the heifers were moved to a
calving box in accordance with normal routines. The box
was located in the same barn, and the animals remained
there until 1 day after calving. At least 1 h before the
first blood sample was withdrawn, a permanent catheter
(SweVet; Piab, Sjöbo, Sweden) was inserted under local
anaesthesia (Xylocaine; Astra, Södertälje, Sweden), pro-
vided with an extension tube that was fixed to the neck
with adhesive tape. It was therefore possible to withdraw
blood without having to restrain the animal. Because of
the large variations in the length of parturition and its
occurrence at any time of day or night (Berglund et al.
1987), we decided to take the blood samples during
predetermined phases of labour, the beginning of each of
which was defined as follows: (1) first labour pains
observed (i.e. the heifer started to show signs of restless-
ness, such as stumbling, turning her head towards her
abdomen, an increased frequency of postural changes and
a stiff tail with tail flick); (2) synchronized abdominal
contractions begin; (3) first amniotic membrane observed;
(4) feet of the calf emerge; (5) head emerges; (6) calf born;
(9) 5 min after birth; (10) 1 h after birth. (N.B. phases 7
and 8 refer to the birth of the second animal, which only
occurred with the goats; see below.) To simulate as normal
conditions as possible, we decided beforehand that the
experienced stable foremen should determine whether and
when the animals needed assistance, according to the
normal routines.

The goats

Six dairy goats of the Swedish domestic breed (Capra
hircus), 2–4 years old, were studied. They were kept
individually in pens with straw as bedding material and
were given 600 g hay and 200 g of a concentrate mix-
ture at 0700 and 1500 h. Water was available at all times.
Two of the goats were primiparous and four were
multiparous. Blood samples were taken by venipuncture,
once daily at 1030 h from day 144 until kidding and for
3 days thereafter. When we suspected that parturition
was close, the neck of the goat was shaved and cleaned,
and a permanent catheter (Secalon; Viggo Products,
Helsingborg, Sweden) was inserted, as described above.
Blood was sampled during each of the labour phases
defined for heifers, as well as phases associated with
expulsion of the second kid, i.e. starting when the second
amniotic membrane was expelled (7). The phases when
the feet of the second kid and head emerged and the
second kid was born occurred so rapidly that these phases
were represented by a single sample (8).
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Analyses

Blood was withdrawn into ice-chilled tubes containing
EDTA (tripotassium salt) and aprotinin (Trasylol; Bayer,
Leverkusen, Germany; 5000 Kallikrein-Inhibitor-Units/
10 ml tube), centrifuged at 1500 g for 20 min at 4 )C, and
stored at "20 )C for 24 h and thereafter at "80 )C until
assayed. Dilutions of bovine and caprine plasma were
parallel to the standard curve in all RIAs described below.
Plasma cortisol was measured using the Coat-A-Count
RIA (Diagnostics Product Corporation, Los Angeles, CA,
USA), and plasma â-endorphin was extracted and ana-
lysed according to the plasma â-endorphin 125I RIA kit
(Incstar, Stillwater, MN, USA). Plasma met-enkephalin
was extracted and analysed according to instructions in the
methionine enkephalin 125I RIA kit (Incstar) with one
exception; 1 ml decanting suspension (sheep anti-rabbit,
no 3; Pharmacia & Upjohn Diagnostics, Uppsala, Sweden)
was used instead of ammonium sulphate. Before arginine
vasopressin and oxytocin were analysed, the plasma was
extracted with acetone (Guarantee Reagent (GR); Merck,
Darmstadt, Germany) and petroleum benzene (GR; boil-
ing point range 40–60 )C; Merck) with a recovery of 92%.
Vasopressin was then analysed using the vasopressin RIA
(Bühlmann Lab AG, Allschwil 1, Switzerland). Oxytocin
was determined in principal as described by Stock &
Uvnäs-Moberg (1988), but modified and validated for
caprine and bovine plasma. Thus rabbit antiserum
XS 3014 (Euro-Diagnostica AB, Malmö, Sweden) was
diluted 1:28 000 in the incubation phosphate buffer
(pH 7·6) with 0·005% Tween 80. Bound and free ligands
were separated by adding 1 ml decanting suspension
(sheep anti-rabbit no. 3). See Table 1 for further data on
the RIAs used. Plasma catecholamine concentrations were
determined by HPLC coupled to coulometric detection,
as previously described (Hydbring et al. 1997).

Statistical analysis

Values are presented as means&... All hormonal data
were statistically analysed using the General Linear Model
procedure from the Statistical Analysis System program
package (SAS Institute Inc. 1996). For both heifers and
goats, the test for differences in least squares means was
used to identify the sampling occasions on which level of
a given hormone differed from that on day 3 before labour.
The model for analysing the heifer data included the
effects of treatment (assistance versus no assistance),
within-treatment variation, sampling time and the inter-
action between treatment and sampling time. Within-
treatment variation between heifers was used as an error
term when testing for differences between the assistance
and no-assistance group. Time differences between the
two heifer groups were analysed by Kruskal–Wallis one-
way ANOVA. The Pearson correlation coefficient was
applied to investigate correlations between the hormones
within each labour phase and group of animals. P¦0·05
was considered significant in all analyses. An inspection
of the data from individual heifers did not reveal any
difference between breeds.

Results

Time and severity of parturition

The actual duration of pregnancy in the heifers ranged
from 270 to 289 days, and all heifers delivered one calf.
Five of the heifers needed assistance (four SRB and one
SLB). Light pulling by one person was used for four calves
and moderate pulling by two persons was needed for the
fifth calf. All calves were in the normal position. Inter-
vention was used only in cases where there was no visible
progress once the amniotic membrane (one heifer) or the

Table 1 Data on RIAs used

Lower
detection
limit

Intra-assay
coefficient
of variance (%)

Interassay
coefficient of
variance (%)

RIA (unit)
Cortisol (nmol/l) 6·5 <12·5 Low 14·5

Medium 1·5
High 3

â-Endorphin (pmol/l) 3 <11 Low 8·5
Medium 9·5

Met-enkephalin (pmol/l) 29 <15 Low 13·5
Medium 15·5

Vasopressin (pmol/l) 1 <15 Low 27
Medium 25·5
High 6·5

Oxytocin (pmol/l) 2·5 <12·5 Low 25
Medium 8·5
High 21
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feet of the calf were visible (four heifers). Four of the
heifers had weak abdominal contractions. The fifth heifer
had a narrow birth canal. Parturition took significantly
longer in heifers needing assistance. The phase lasting from
the point at which the amniotic membrane became visible
until the feet of the calf appeared was significantly longer
in heifers that needed assistance than in those that did not
(P<0·05, Table 2).

The duration of pregnancy in the goats ranged from 146
to 151 days. Two of the goats delivered a single kid, and
four had twins. All goats kidded without assistance. The
time from first labour pains until the last kid was born was
225&63 min.

For both heifers and goats, labour took place at all times
of the day and night.

Plasma hormone concentrations

In both heifers and goats, cortisol concentration increased
in association with labour pains, continued to rise during
expulsion and peaked when the calf or first kid was born.
One day after parturition, the concentration had returned
to preparturition values (Fig. 1a and b). There were no
significant differences in cortisol concentration between
heifers needing assistance and those that did not.

In the heifers, adrenaline concentration increased after
calving in both groups (Fig. 2a). The concentration of
noradrenaline varied greatly between heifers needing
assistance, and the change was not significant, whereas the
noradrenaline concentration increased significantly during
expulsion in the group that did not receive help (Fig. 3a).
Mean plasma adrenaline and noradrenaline concentrations
were consistently higher in heifers needing assistance than
in those that did not, but there was a large amount of
individual variation in the former group, which could be
one reason why no significant differences were found
between groups. In the goats, concentrations of both
adrenaline and noradrenaline increased during expulsion
(Figs 2b and 3b).

In heifers needing assistance, â-endorphin concen-
tration increased 1 h after labour. There were no signifi-

cant changes in heifers that did not receive help, but the
concentration tended to increase in association with the
first labour pains (Fig. 4a). There were no significant
differences in â-endorphin concentrations between heifers
needing assistance and those that did not, although the
concentration tended to be higher in heifers needing
assistance as early as 3 days before labour. In the goats, the
concentration of plasma â-endorphin increased during the
synchronized labour pains and remained high throughout
parturition (Fig. 4b).

In the heifers, met-enkephalin concentrations increased
during expulsion of the calf in both groups (Fig. 5a). There
was no significant difference in met-enkephalin concen-
trations between the groups. In the goats, the concen-
tration of met-enkephalin fluctuated and was significantly
elevated 2 days before kidding, during the expulsion of the
first kid and after kidding (Fig. 5b).

In the heifers the concentration of vasopressin increased
during expulsion in both groups, but became four times
higher in heifers needing assistance (Fig. 6a). In the goats,
the vasopressin concentration increased during the expul-
sion of the first kid and then decreased slightly, but was still
elevated when the second kid was born and at the time of
sampling 5 min afterwards (Fig. 6b).

In both groups of heifers, plasma oxytocin concentration
increased during expulsion of the calf. After the calf was
born, the values rapidly decreased (Fig. 7a). There was no
significant difference in oxytocin values between groups.
In the goats, plasma oxytocin concentration was signifi-
cantly increased in connection with the appearance of the
first amniotic membrane, peaked when the feet of the first
kid emerged and thereafter started to decrease (Fig. 7b).

Correlation between plasma hormone levels

Although plasma concentrations of all investigated hor-
mones increased during parturition, their patterns of
change appeared to differ. Therefore we were interested
to determine if, and when, positive correlations existed
between concentrations of any of the seven hormones
during labour (i.e. in blood samples from phases 1–8).

Table 2 Duration of labour (min) in heifers receiving obstetrical assistance (n=5) and those not requiring such assistance (n=4; times for
one heifer were missing). Values are means&S.E.M.

Assistance No assistance

Time elapsed between first labour pains and birth of the calf 416&100* 181&41
Time elapsed between first labour pains and synchronized abdominal contractions 268&101 95&34
Time elapsed between synchronized abdominal contractions and amniotic membrane 25&6·6 49&30
Time elapsed between appearance of amniotic membrane and feet of the calf 37&9·9* 9&2·3
Time elapsed between emergence of feet of the calf and head 75&29 20&4·2
Time elapsed between head emerging and the birth 12&2·8 7·5&1·2

*P¦0·05 vs no assistance group. Differences in duration of labour between the two animal groups were analysed by Kruskal–Wallis one-way ANOVA.
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In heifers that needed assistance, adrenaline and nor-
adrenaline showed significant positive correlations during
every phase of labour (r=+0·95 to 0·99). Adrenaline also
correlated with met-enkephalin (r=+0·96), vasopressin
(r=+0·96) and oxytocin (r=+0·95) when the feet of the
calf emerged. Noradrenaline correlated with â-endorphin

when the head emerged (r=+0·88) and with met-
enkephalin (r=+0·99), vasopressin (r=+0·99) and oxy-
tocin (r=+0·99) when the feet of the calf appeared. In this
phase met-enkephalin also correlated with vasopressin
(r=+0·99) and oxytocin (r=+0·99), and so did vasopressin
and oxytocin (r=+0·99).

In heifers that did not need assistance, the correlation
between hormones was much less consistent. There were
no correlations between adrenaline and noradrenaline.
Positive correlations were found between plasma cortisol
and oxytocin during the abdominal contractions (r=
+0·99), between noradrenaline and vasopressin when the
head emerged (r=+0·99), and between noradrenaline and
oxytocin when the first amniotic membrane was observed

Figure 1 Plasma cortisol concentration during parturition in five
heifers that calved without help (,), five heifers that needed
obstetrical assistance (.) (a) and six goats that kidded without
help (b). Each number on the x-axis represents the different phases
of labour at which blood samples were taken. The beginning of
each phase was defined as follows: (1) first labour pains observed;
(2) synchronized abdominal contractions begin; (3) first amniotic
membrane observed; (4) feet of first kid (calf) emerge; (5) head
emerges; (6) first kid (calf) born; (7) second amniotic membrane
observed; (8) feet of second kid and head emerge and second
kid born; (9) 5 min after birth; (10) 1 h after birth. *3, 2, 1 days
before and 1, 2, 3 days after birth. All heifers had one calf. Two
goats delivered one kid and four delivered twins. Values are
means&S.E.M. Filled symbols indicate that values are significantly
different from those on day 3 before parturition (P¦0·05). There
were no significant differences between the two heifer groups.
The S.E.M. values varied between 1·9 and 23·8 in heifers that
calved without help, between 2·6 and 28·4 in heifers that
needed obstetrical assistance, and between 3·6 and 39·9 in
the goats.

Figure 2 Plasma adrenaline concentration during parturition in five
heifers that calved without help (,), five heifers that needed
obstetrical assistance (.) (a), and six goats that kidded without
help (b). Values are means&S.E.M. There were no significant
differences between the two heifer groups. The S.E.M. values
varied between 0·04 and 0·9 in heifers that calved without help,
between 0·6 and 1·7 in heifers that needed obstetrical assistance,
and between 0·04 and 1·8 in the goats. See Fig. 1 for further
details.
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(r=+0·98). â-Endorphin correlated with met-enkephalin
when the first amniotic membrane was observed (r=
+0·90).

In the goats, adrenaline and noradrenaline levels corre-
lated when the first amniotic membrane was observed and
when the first kid was born (r=+0·88 to 0·94). Adrenaline
correlated with met-enkephalin when the first amniotic
membrane was observed (r=+0·90), and noradrenaline
correlated with met-enkephalin during most of the expul-
sion phases of both kids (r=+0·90 to 0·99). â-Endorphin
correlated with oxytocin during the first labour pains
(r=+0·83), and vasopressin and oxytocin concentrations
correlated during the abdominal contractions and when
the first amniotic membrane was observed (r=+0·90 to
0·99).

Discussion

Recently, we reported that arterial blood pressure, heart
rate, plasma adrenaline and noradrenaline concentrations
reached peak levels during expulsion of the kids in goats
and that the changes were not related to the duration or
severity of labour (Hydbring et al. 1997). In the present
study we have demonstrated, in addition, that all measured
hormones in both heifers and goats change with the phase
of labour regardless of its duration. Furthermore, heifers
that needed assistance had longer labours and higher
concentrations of vasopressin than those not needing
assistance. Interestingly, in the assisted heifers, almost all
hormone concentrations mutually correlated during the
actual expulsion (i.e. in blood samples from phase 4), in
contrast with the other heifer group.

Figure 3 Plasma noradrenaline concentration during parturition in
five heifers that calved without help (,), five heifers that needed
obstetrical assistance (.) (a), and six goats that kidded without
help (b). Values are means&S.E.M. There were no significant
differences between the two heifer groups. The S.E.M. values
varied between 0·1 and 2·6 in heifers that calved without help,
between 2·4 and 7·7 in heifers that needed obstetrical assistance,
and between 0·6 and 2·2 in the goats. See Fig. 1 for further
details.

Figure 4 Plasma â-endorphin concentration during parturition in
five heifers that calved without help (,), five heifers that needed
obstetrical assistance (.) (a), and six goats that kidded without
help (b). Values are means&S.E.M. There were no significant
differences between the two heifer groups. The S.E.M. values varied
between 1·1 and 3·8 in heifers that calved without help, between
0·8 and 2·9 in heifers that needed obstetrical assistance, and
between 0·8 and 3·7 in the goats. See Fig. 1 for further details.
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Elevated plasma cortisol concentrations, measured at
different times around parturition, have previously been
reported in cattle (Hudson et al. 1975, Seren et al. 1977,
Heuwieser et al. 1987, Taverne et al. 1988, Rausch et al.
1989), goats (Hydbring & Olsson 1995) and sheep (Strott
et al. 1974). Now, through frequent blood sampling, we
have also demonstrated that the cortisol increases during
parturition in heifers and goats correlate strongly with the
phases of parturition. The elevation of cortisol levels
around parturition may be due to the increased need for
glucocorticoids, to accelerate mammary growth and initi-
ate lactation, and the fact that oestrogens reduce the
metabolic clearance rate of cortisol (Kitts 1985). However,
the short-lasting peak values around expulsion cannot be
explained in this way. Maternal and foetal endocrine
changes that lead to the onset of labour are well known

and have been detailed in many papers (Barragry 1975,
Cox 1975, McFeely & Ganjam 1976, Challis et al. 1977,
Flint et al. 1978, Challis & Mitchell 1981, Brooks &
Challis 1988, Thorburn et al. 1991, Wood & Keller-Wood
1991, McMillen et al. 1995). In sheep, an increase in
the activity of the foetal hypothalamo–pituitary–adrenal
axis initiates parturition (Liggins et al. 1977). However,
Apostolakis et al. (1991) found no relation between foetal
and maternal cortisol concentrations. In another study on
sheep it was found that only small amounts of cortisol
escaped from the foetal circulation to the mother (Comline
et al. 1970). Therefore it is unlikely that the increased
cortisol levels found in the goats and heifers were due to
the high cortisol concentrations probably present in their
foetuses.

Even though there were no differences in cortisol
concentrations between heifers that needed assistance and

Figure 5 Plasma met-enkephalin concentration during parturition
in five heifers that calved without help (,), five heifers that
needed obstetrical assistance (.) (a), and six goats that kidded
without help (b). Values are means&S.E.M. There were no
significant differences between the two heifer groups. The S.E.M.

values varied between 0·0 and 9·8 in heifers that calved without
help, between 0·0 and 8·3 in heifers that needed obstetrical
assistance, and between 1·4 and 13·8 in the goats. See Fig. 1 for
further details.

Figure 6 Plasma arginine vasopressin concentration during
parturition in five heifers that calved without help (,), five heifers
that needed obstetrical assistance (.) (a), and six goats that
kidded without help (b). Values are means&S.E.M. #Significant
difference between groups. The S.E.M. values varied between 0·02
and 2·1 in heifers that calved without help, between 0·02 and 9·7
in heifers that needed obstetrical assistance, and between 0·0 and
4·7 in the goats. See Fig. 1 for further details.
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those that did not, the high cortisol values during expul-
sion may have been partly due to the stress and pain that
accompany all parturitions. On the day before parturition,
the cortisol concentration in the goats tended to increase
above the value that could be explained by diurnal
variation (Olsson & Dahlborn 1989), and, when labour
started, cortisol levels increased stepwise. The values are
comparable with those obtained during experimentally
induced stress, involving the discomfort of having water
administered by stomach tube. In that case, cortisol
concentration increased to a mean value of 160 nmol/l
(Eriksson et al. 1994), which is considerably lower than the
mean value here of around 270 nmol/l. Despite differ-
ences in absolute values between heifers and goats, the
curve pattern in both species was characterized by the
same continuous increase during the expulsion phase,

ending with a peak when the calf/first kid was born.
Therefore a combination of stress and pain could be the
reason for the high plasma cortisol concentrations during
expulsion.

We previously reported that changes in plasma catechol-
amine concentrations in goats were related to the different
phases of labour and were highest during expulsion of the
kids (Hydbring et al. 1997). These results are supported
here, and similar results have been obtained in humans
(Neumark et al. 1985, Costa et al. 1988, Maheux et al.
1996) and sheep (Eliot et al. 1981). However, Rausch et al.
(1989) found that plasma adrenaline and noradrenaline did
not change during parturition in cows, whereas Rainforth
et al. (1990) and Diehl (1990) reported higher noradrena-
line and adrenaline concentrations during difficult births in
cows. Our results give some support to the observations of
the latter authors. Thus heifers with difficult parturitions
had higher mean levels of adrenaline and noradrenaline,
but also showed greater individual variation than the other
group. This indicates that higher peak values were reached
in the assisted heifers. Furthermore, adrenaline and nor-
adrenaline concentrations correlated throughout labour in
assisted heifers, in contrast with the other group, showing
that a massive discharge of the sympathetic nervous system
was maintained for a long time in heifers with dystocia.

Increased â-endorphin concentrations around partur-
ition have been reported previously in cows (Aurich et al.
1993), women (Chan et al. 1993, Fajardo et al. 1994,
McLean et al. 1994) and rats (Wardlaw & Frantz 1983).
â-Endorphin increased throughout labour in the goats,
whereas in heifers it only increased significantly after
parturition in the group that needed assistance. However,
â-endorphin levels already showed a tendency to be
higher in assisted heifers at the first blood sampling, and
they remained higher throughout labour, indicating that
â-endorphin concentration is related to labour-related
difficulties in heifers. This could be compared with labour
in women: pain intensity correlated positively with the
concentration of â-endorphin in the plasma (Bacigalupo
et al. 1990).

Met-enkephalin has a short half-life in plasma (Boarder
& McArdle 1986), and, like â-endorphin, acts primarily in
the brain. Its rapid degradation may explain some of the
variation between samples and animals. However, our
results confirmed earlier findings in cows, sampled on a
single occasion during parturition, in which plasma met-
enkephalin levels increased during labour (Aurich et al.
1990, Dobrinski et al. 1991). In the goats and assisted
heifers, the met-enkephalin concentration correlated with
that of noradrenaline and adrenaline. This correlation
could have been due to their synchronized release from
the adrenal medulla combined with rapid inactivation.

Concentrations of vasopressin and oxytocin increased in
both cows and goats during expulsion. It is well known
that oxytocin is released during labour, mainly due to the
Ferguson reflex, and our results support earlier findings in

Figure 7 Plasma oxytocin concentration during parturition in five
heifers that calved without help (,), five heifers that needed
obstetrical assistance (.) (a), and six goats that kidded without
help (b). Values are means&S.E.M. There were no significant
differences between the two heifer groups. The S.E.M. values varied
between 2·4 and 142·4 in heifers that calved without help,
between 1·6 and 329·4 in heifers that needed obstetrical
assistance, and between 0·7 and 158·8 in the goats. See Fig. 1
for further details.
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nanny goats (Folley & Knaggs 1965, McNeilly et al. 1972),
cows, ewes, mares and women (Fitzpatrick & Walmsley
1965, Forsling et al. 1979). However, the extent of
vasopressin involvement during parturition is still largely
unknown. Elevated vasopressin concentrations around
parturition have been reported for sheep (Alexander et al.
1974) and pigs (Lawrence et al. 1995), but not for humans
(Leake & Weitzman 1979, DeVane 1985, Mauri et al.
1994). The last-mentioned result is somewhat surprising
since labour involves intense muscular work, and exercise
can induce the release of vasopressin in a dose-related
fashion in humans (Wade 1984). High vasopressin levels
during labour could also be explained by increased plasma
osmolality (Landgraf et al. 1983) and haemorrhage (Larsson
et al. 1978, Olsson et al. 1987). The increases in vasopressin
during expulsion in both goats and heifers may therefore
be secondary to several causes. However, in the goats the
vasopressin rose to high levels comparable with those
observed in heifers that needed assistance, whereas the rise
was much smaller in the other heifer group. The differ-
ence between the heifer groups became apparent when
intervention started, which indicates a direct correlation
between stress and pain and high levels of vasopressin.

In addition to stress and pain, exercise is known to
increase vasopressin in some species, as mentioned above,
as well as corticosteroid levels in cattle (Kuhlmann et al.
1985), sheep (Bell et al. 1983) and other species (Snow &
Rose 1981, Valberg et al. 1989, Jensen-Waern & Nyberg
1993). Furthermore, exercise increases adrenaline and
noradrenaline in cattle (Blum et al. 1979) and horses (Snow
et al. 1992), â-endorphin and met-enkephalin in humans
(Sommers et al. 1990, Sforzo 1989) and oxytocin in rats
(Kasting 1988). Therefore, in addition to stress and
pain, muscle work during kidding and calving should
be considered to contribute to the elevated hormonal
concentrations during expulsion.

Although plasma concentrations of all the hormones
investigated increased during parturition, the pattern of
the increases differed. One explanation could be the
different release times and half-lives of the hormones. For
instance, half-lives range from 2 min or less for the
catcholamines to as long as 3 h for cortisol (Kutsky 1973),
the latter probably explaining the general lack of corre-
lation between increases in cortisol and the other hor-
mones. Nevertheless, it is noteworthy that the correlation
between increases in these other hormones was striking in
the heifers needing help in contrast with the other heifer
group and the goats. This supports the hypothesis that all
the hormonal systems investigated here are activated in
relation to severity of labour albeit to a different degree.

It is concluded that the hormonal changes during labour
are related to the phase of labour and the degree of
difficulty encountered. Hormonal peaks were reached
around the time of expulsion, indicating that they were
associated with muscle work, stress and pain rather than
metabolic effects. Vasopressin reached high levels in goats,

and was the only hormone with a higher plasma concen-
tration in heifers that needed assistance than in the other
group, indicating that it is released in order to deal with
labour-induced pain.
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González-Gómez F 1994 Plasma levels of â-endorphin and ACTH
during labor and immediate puerperium. European Journal of
Obstetrics, Gynecology, and Reproductive Biology 55 105–108.

Fitzpatrick R & Walmsley C 1965 The release of oxytocin during
parturition. In Advances in Oxytocin Research, pp 51–73. Ed J
Pinkerton. Oxford: Pergamon Press.

Flint A, Kingston E, Robinson J & Thorburn G 1978 Initiation of
parturition in the goat: evidence for control by foetal glucocorticoid
through activation of placental C21-steroid 17á-hydroxylase. Journal
of Endocrinology 78 367–378.

Folley S & Knaggs G 1965 Levels of oxytocin in the jugular vein
blood of goats during parturition. Journal of Endocrinology 33
301–315.

Forsling M, MacDonald A & Ellendorff F 1979 The neurohypophysial
hormones. Animal Reproduction Science 2 43–56.

Fuchs A & Saito S 1971 Pituitary oxytocin and vasopressin content of
pregnant rats before, during, and after parturition. Endocrinology 88
574–578.

Heuwieser W, Hartig U, Offeney F & Grunert E 1987 Zur
Bedeutung von Glukokortikoiden als Streßarameter beim Rind im
peripartalen Zeitraum. Journal of Veterinary Medicine Series A Animal
Physiology, Pathology, and Clinical Veterinary Medicine 33 178–187.

Hudson S, Mullford M, Whittlestone W & Payne E 1975 Bovine
plasma corticoids during parturition. Journal of Dairy Science 59
744–746.

Hydbring E & Olsson K 1995 Stress and pain during parturition. In
Proceedings of the Spring Conference of the Association of Veterinary
Anaesthetists, Turku, Finland, p 63.

Hydbring E, MacDonald E & Olsson K 1997 Radiotelemetrically
recorded blood pressure and heart rate changes in relation to plasma
catecholamine levels during parturition in the conscious,
unrestrained goat. Acta Physiologica Scandinavica 161 295–302.

Jensen-Waern M & Nyberg L 1993 Valuable indicators of physical
stress in porcine plasma. Zentralblatt für Veterinärmedizin Reihe A 40
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