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Daily Cortisol Profile in Lactating and Non-Lactating Dairy Goats (Capra hircus)
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Abstract: The objective of the present study was to determine the daily plasma cortisol pattern in domestic
lactating and non-lactating goats. Tn a total of 12 multiparous goats (6 lactating, 6 non-lactating), 4 daily blood
samples were taken over the course of 12 days, beginning at different times, in order to cover two, 24 h periods.
Lactating goats were at their 4th month of lactation and were hand-milked daily at 07:30-08:30 h since
parturition. Repeated measures ANOVA, Tukey-Kramer and student’s t-tests were used, considering diurnal
(07:00-18:00 h) and nocturnal hours (19:00-06:00 h) as well as the condition of lactation. Higher levels of cortisol
(45 nmol 1.7") were found during diurnal hours, followed by important and sustained decreases (6-16 nmol L.},
A pair of smaller peaks appeared between 23:00-24:00 h, followed by a decrease that was maintained until
06:00 h, at which time high levels of cortisol returned (26 nmol I.™"). Daily average cortisol values were similar
between lactating (16.6+1.8) and nonlactating goats (16.5+1.8; nmel L™, p=0.05). Diurnal cortiscl was higher
(p = 0.003) than nocturnal (19.6+1.9vs. 13.541.1 nmol I.™"). Daily cortisol levels are similar between lactating and
non-lactating domestic goats at their fourth month of lactation and cortisol levels undergo significant changes

during the day, with higher concentrations in diurnal compared to nocturnal hours.
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INTRODUCTION

The daily activity of the Hypothalamic-Pituitary-
Adrenocortical axis (HPA) is associated with elevations
in Adrenocorticotropic Hormone (ACTH) and cortisol at
determined times of day (Desir ef al., 1980). In primates
(Schmidt-Remwald et al., 1999), cows (Thun et al., 1981,
Lefcourt et al., 1593), ewes (Fulkerson and Tang, 1979,
Lincoln et al., 1982; Przekop et al., 1985) and pigs
(Ekkel et al., 1997, Ruis et al., 1997), the cortisol
concentrations tend to be greater during diurnal than
nocturnal times, describing a circadian thythm that is
sometimes affected by certain activities, such as feeding
(Murayama and Sasaki, 1987) or milking (Negrdo and
Mamet, 2003) in ewes. In animals with nocturnal habits
such as the rat, the peal reaches its maximum after the
beginning of the dark time, when the animal demonstrates
1ts greatest activity (Morin and Dark, 1992).

Given that the adrenal response to any stimulus may
be different depending on the time of day m which the
1995), daily
fluctuations in the concentrations of corticosteroid

stimulus is applied (Janssens et al.,

hormeoenes need to be considered 1n studies on the adrenal

response to stressful situations (Ader and Friedman,
1968, Tanssens et al., 1995) and in studies on the effect of
adrenal hormones m other physiological systems. In
ruminants other than goats, machine and hand-milking
increases cortisol (Gorewit et al., 1992, Negrio and
Marnet, 2003; Negréo et al., 2004) and noradrenaline
levels (Lefcourt et al, 1997). This should also be
considered when assessing the daily activity of the HPA
axis or its response to a given stimulus. Information
regarding these parameters m goats 18 currently not
available.

Furthermore, when studying the well-being of housed
goats, 1t 1s important to know the levels of cortisol at each
hour of the day as a reference value; however, information
on adrenal activity in goats 1s not abundant.

The objective of the present study was to determine
the daily plasmatic cortisol profile in lactating and non-
lactating domestic goats in housed conditions.

MATERIALS AND METHODS

Location, animals and design: The study was carried out
on an experimental intensive farm located south of Mexico
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Table 1: Time of sampling during the experiment. Samples were taken
every hour of the day and time indicated in order to obtain data for
a complete day without continuous sampling
Day of the experiment

Time of sampling

1,7 08:00-11:00h
2,8 12:00-15:00h
3,9 16:00-19:00 h
4,10 20:00-23:00h
511 00:00-03:00h
6,12 04:00-07:00h

City (2760 m above sea level, 19°13'N, 99°8'W) using a
protocol that was approved by the Internal Ammal Ethics
Comumittee of the Faculty of Vetermary Medicine and
Zootechnics. During the month of July, a total of 12 adult
multiparous goats (2.5-3 years age; 45-53 kg body weight;
6 lactating, 6 non-lactating) in housed conditions were
used. Lactating goats were at their fowrth month of
lactation and were hand-milked daily since parturition,
beginning at 07:30 h. Blood samples were taken hourly
from all ammals by vempuncture from the jugular vemn.
Four jugular blood samples were taken per day over the
course of 12 days at different times (Table 1) and in
random order. This allowed us to have 2 blood samples
for each hour of the day; the cortisol levels of both
samples were averaged to calculate the value for a given
hour of the day. Blood samples were obtained using tubes
with heparin (BD Vacutainer®) and sterile needles
(PrecisionGlide®, 22G»1.1/2) and the procedure had a
duration of 10 sec per animal. Samples were immediately
centrifuged and plasma was frozen until it was processed
by radio immunoanalysis with a commercial kit
(Diagnostic Products Corporation, Los Angeles Cal,
USA). The sensitivity of the assay was 5.5 nmol L™ and
within- and between-assay coefficients of variation were
2.3 and 5.0%, respectively. Feeding time was 08:00
(oat hay and silage) and 14:00 h (concentrated gramn and
alfalfa), according to the National Research Council
(NRC, 1981). Access to water was free.

Since inherent stress in response to the sampling
could alter the obtained results (Sakkinen e al., 2004), all
goats were exposed to an adaptation program to the
respective handling for 2 weeks prior to the beginning of
the study. In this process, the sampling procedure was
simulated by holding the animal gently and mjecting 2 m
of saline solution via the jugular. The person handling the
goats was always the same.

Data analysis: The cortisol concentration over the course
of 24 h was divided equally into two periods of 12 h each
(diurnal; 07:00-18:00 h and nocturnal; 19:00-06:00 h). The
cortisol values in each sample were added to calculate the
area under the curve. The basal levels of each animal were
calculated as the average of the five lowest measurements
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in all samplings (Claus et al, 1990). The data were
analyzed using descriptive statistics and compared
considering the lactation condition (lactating vs. non-
lactating) and periods (diurnal vs. noctumal) as the
between subjects factors; tume of day was considered as
the within subjects factor. Amnalysis was made by
repeated-measures ANOVA (GLM procedure), the
student’s t-test and Tukey-Kramer test were used for
comparisons of the means at a significance level of 0.05
(SAS, 1999).

RESULTS AND DISCUSSION

The average daily values of cortisol were similar
between lactating and non-lactating goats (16.6+2 and
16.5+2 nmol L', respectively; p=0.05; Fig. 1 and 2).

In both lactating and non-lactating goats, the lighest
levels of cortisol {up to 45 nmol L") were found during
diurnal times (between 10:00 and 14:00 h), followed
by a significant decrease to basal levels (between 6 and
16nmol L7 between 15:00 and 22:00 h. A pair of smaller
elevations was observed between 23:00 and 24:00 h,
followed by a sustained diminution until 06:00 h, at which
time it returned to high levels (26 nmol L., Fig. 1).

The average cortisol values between nocturnal and
diurnal hours were different (p = 0.003), with lugher levels
observed in the diurnal period (19.6£1.9 nmol L™
compared to the neccturnal period (13.5+1.9 nmoel L™
Fig. 2). The average cortisol values during the 24 h period
1n all the goats are shown m Fig. 3.

The area under the cortisol curve over the course of
24 h was similar between lactating and non-lactating goats
(399.2+44 9vs. 397 2+44.9nmol L™, respectively, p=0.05),
but was higher during diumnal than noctumal times
(2364+23.5 vs. 162.1£13.3 nmol L, respectively, p<0.05).

The basal levels of the corticoild were lhigher in
non-lactating than in lactating goats (4.944£0.67 vs.
2.9740.67, nmol 1.7, respectively, p = 0.04). Eighty-six
percent of the basal values occurred at times between
15:00-22:00 h and 01:00-05:00 h.

The present study shows that the cortisol pattern in
the domestic goat undergoes significant changes during
the day, suggesting greater adrenal activity during the
durmnal hours, which 1s a common characteristic of several
species (Fulkerson and Tang, 1979; Ingram et al., 1999;
Kolevska et al., 2003). Similar average cortisol values
during the day were found by Kokkonen ef al. (2001) in
adult Finmsh landrace goats, however, the highest levels
found during diurnal times in our study differed with
those found by these authors. Kokkonen et al. (2001)
found that the main elevations in cortisol occurred during
nocturnal times, mmmediately after midmght, a similar
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Fig. 1 Average cortisol values per hour (+se) in lactating (empty circle) and non-lactating (black circle) housed goats
during 24 h
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Fig. 2: Mean cortisol levels per hour in lactating and non-lactating goats and diurnal (07:00-18:00h) and nocturnal (19:00-

06:00h) h
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Fig. 3: Average cortisol values per hour (+se) in twelve goats during 24 h

isolated elevation was found in our study between 23:00 The highest cortisol levels appeared during the first
and 24:00 h, although 1t was not the lighest one observed  part of the day (10:00-14:00 h), after a gradual increase that
during the day and there was no clear explanation for it. beganat 05:00 h. After its highest concentrations were

74



Res. J. Anim. Sci., 2 (3): 72-77, 2008

observed, the corticoid diminished to basal values from
15:00 huntil 22:00 h. Basal values resembled findings by
Galicia (2005) in the same type of goats and Kannan e al.
(2000) m Sparish goats prior to stressful situations.

In adult sheep and the new-born lambs, cortisol
levels are higher during diwnal than nocturnal times
(Lincoln et al., 1982). When deprivation of natural
photoperiod 1s applied and the light time 1s kept constant
during the day, synchronization of the daily pattern of
hormoene secretion remains, suggesting that the light-dark
cycle is not the cause (“zeitgeber") of the variations in its
levels (Kennaway ef af., 1981; Lincoln et al., 1982). Even
pinealectomized ewes maintain the cortisol pattern, with
the highest levels observed during morning hours
(Kennaway et al., 1981 ), as in our study.

In cows, authors such as Negréo ef al (2004) and
Gorewit et al. (1992) have suggested that increases in the
corticold during the day are related to handling practices
such as milking, since machine and hand-milking have
both shown to increase cortisol levels (Wagner and
Oxemeider, 1972, Gorewit et al., 1992). In the present
study, the daily average levels of cortisol were similar in
goats and were independent of their lactation condition
(lactating or not); in addition, the highest levels of
hormone observed during the day did not correspond
with the times of milking (07:30-08:30 h). Apparently, the
association of high cortisol levels with milking occurs
in priuniparous females (Negréo and Marnet, 2003) and
possibly in multiparous females during their first visits to
the milking area (Van Reenen et al., 2002). In Holstein
cows, cortisol levels during early lactation are higher than
at other stages (Fukasawa et al., 2008), suggesting that
the beginning of lactation might be a strong stressor. In
preliminary observations, multiparous goats with
experience m the handling of milking are less agitated than
primiparous goats. In our study, lactating goats were
multiparous and well adapted to milking management.

The design of the present study did not allow us to
establish the causes of corticoid elevation and reduction
during certamn tumes of the day. The endogenous origin of
the daily pattern of the hormone has been proven in many
animal species and it 1s accepted that 1t 1s the result of an
endogenous thythm "put on time" by external factors
such as environmental light and, probably, handling
routines (Piccione and Giovanni, 2002).

Cortisol levels can be affected by the sampling
method; blood sampling itself is disturbing and the use of
previous catheterization to mimmize this disturbance 1s
not always possible (Cook, 2002; Mastl and Palme, 2002);
i red deers (Cervus elaphuis), Ingram et al. (1999) found
that the basal concentration of the hormone is lower
when a remote sampling device 1s used than when the
procedure requires physical containment. This has been
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confirmed in reindeer (Rangifer tarandus) (Sikkinen et al.,
2004). Although, 1t 15 expected that physical contamment
causes activation of the HPA axis, there is no available
information regarding the use of such sampling devices in
domestic goats. In the present study, cortisol levels were
similar to those obtamed by Galicia (2005) previous to
situations of acute stress in the same type of goats and to
those found by Hydbring et al. (1999) in milk goats prior
to the onset of parturition. In the pigmy goat, similar basal
levels have been reported at different times of the year
(Howland et al., 1985). In our study, most of the cortisol
values were within the physiological range reported for
goats (Eriksson and Terdviinen, 1989; Engelbrecht ef al.,
2000) and were similar to levels previously found during
and after stress by electro-ejaculation (Ortiz-de-
Montellano et al, 2007) and without any treatment
(Aoyama et al., 2007).

CONCLUSION

Tt is our conclusion that in the domestic housed goat:
The daily cortisol levels are similar between lactating and
non-lactating goats at an advanced stage of lactation, and
cortisol levels undergo sigmficant changes during the
day, with higher concentrations during diurnal than
nocturnal times.
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