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Urinary Catecholamine and Cortisol Responses of
Japanese Shorthorn Cows to Social Isolation
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Shimo-kuriyagawa, Morioka, lwate, 020-0198, Japan

ABSTRACT : This study was performed to investigate the use of urinary catecholamines to monitor changes in the activity of the
sympathetic nervous system and to determine the relationship of urinary cortisol and catecholamines in Japanese Shorthorn cows in
response to social isolation. One cow was isolated from its group, which consisted of 14 cows (457 to 756 kg BW, 2 to 12 years old), for
three days. The isolated cow was in contact with the other cows visually only at meal times. This isolation was repeated for 6 cows.
Spontaneously voided urine samples were collected from the experimental animals once a day, before the treatment and on days 1, 2,
and 3. Urinary cortisol and adrenaline levels were significantly increased compared with pre-isolation levels on the first day, and then
declined to the basal levels during the next two days. Urinary noradrenaline levels changed in the same way as cortisol and adrenaline
levels, but the difference was not significant. Urinary cortisol levels tended to be correlated with those of urinary adrenaline, but not
noradrenaline. This study suggests that the urinary adrenaline levels can be a non-invasive indicator of stress and that the change of
urinary adrenaline is similar to that of urinary cortisol. (Key Words : Urinary Cortisol, Urinary Catecholamines, Social Isolation)

INTRODUCTION

In mammals, the hypothalamic-pituitary-adrenal (HPA)
axis and the sympathetic nervous system (SNS) are the two
main systems activated in response to stress, resulting in
increased secretion in blood of cortisol (HPA axis) and
catecholamines (SNS). Unfortunately, capturing and blood
sampling themselves are known to cause a rise in these
levels. In addition, the secretion of these hormones exhibits
pulsative and circadian variation, which can lead to
difficulties in the blood-sampling procedure. Urine is the
main elimination route of these hormones and can be
collected non-invasively. Moreover, these urinary hormones
accumulate over several hours. Therefore, the cortisol level
in the urine has been used to monitor HPA activity in
several farm species, including pigs (Hay et al., 2000),
sheep (Miller et al., 1991), and cattle (Higashiyama et al.,
2007). In regard to SNS, it is possible to determine
catecholamines and their metabolites in urine in pigs (Hay
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et al., 2000; Foury et al.,, 2007). Dehnhard (2007) has
shown that changes in urinary catecholamine excretion
reflect fluctuations in sympathoadrenal activity in elephants.
To our knowledge, however, there has been no study about
urinary catecholamines in cattle, except for post-slaughter
investigations (Lowe et al., 2004).

Cattle have been demonstrated to be sensitive to various
acute stressors. In particular, social isolation is known to
induce struggling and significant increases in vocalization,
heart rate, and plasma cortisol concentrations, suggesting
severe psychological stress (Boissy and Le Neindre, 1997;
Rushen et al., 1999). The objectives of our study are i) to
assess the use of urinary catecholamines to monitor changes
in the activity of SNS, and ii) to investigate the relationship
of urinary cortisol with urinary catecholamines, in cattle in
response to social isolation.

MATERIALS AND METHODS

Animals, treatment, and urine sampling

Six Japanese Shorthorn cows were used as experiment
animals. The group consisted of 14 cows (457 to 756 kg
BW, 2 to 12 years old). All animals were housed in a pen,
from which they were given free access to a neighboring
pine woods (2.5 ha). The animals were fed twice a day
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Figure 1. Experimental facilities to study the effect of social
isolation in cattle.

(09:00 and 16:00 h). The amount of concentrate was 1 kg
per animal per day, while the roughage (consisting of hay)
was provided ad libitum. The animals had free access to
water.

The experiment animals were subjected to social
isolation wherein one cow was isolated from its group and
prevented by an electric fence from accessing the pine
woods for three days. The isolation on the first day was
started at 08:30 h. All animals except the isolated one spent
all day from meal to meal in the pine woods, which were
invisible from the isolated area (Figure 1).

Spontaneously voided urine samples were collected
from the experiment animals once a day, before the
treatment and on days 1, 2, and 3. An experimenter
collected urine in a tube as soon as the animals
spontaneously urinated. Urine sampling was conducted at
the first urination after 09:00 h, except that it was conducted
2 h after the isolation treatment on the first day, because
urinary cortisol has been shown to display a pattern of
changes similar to that of plasma with a temporal lag time
(Higashiyama et al., 2005).

Cortisol and catecholamines analyses

Urine cortisol and catecholamine (adrenaline and
noradrenaline)  concentrations were analyzed using
immunoassay Kkits (Oxford Biomedical Research, Inc.,
Oxford, MI, USA; Labor Diagnostika Nord, Nordhorn,
Germany). The inter- and intra-assay coefficients of
variation for cortisol, adrenaline, and noradrenaline
analyses were 10.7% and 5.2%, 9.0% and 11.0%, and
11.6% and 13.0%, respectively. These concentrations in
urine were divided by urinary creatinine levels to correct for
urine dilution. Creatinine levels were determined by
spectrophothometry (Creatinine-test-Wako, Wako Chemical,
Inc., Osaka, Japan).
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Figure 2. Urinary cortisol and catecholamine levels before and
after social isolation. Values are means+SE. Different letters
indicate significant differences (p<0.05).

Statistical analysis

Statistical analyses were carried out using the statistical
package SAS 9.13 (SAS Institute Inc., Cary, NC, USA).
The data were subjected to the Shapiro-Wilk test for
normality. Differences between pre- and post-isolation were
analyzed by Scheffe’s multiple range test (Scheffe, 1959),
in which blocks were formed on individual animals using
the GLM procedure. Correlations between the data were
obtained using Peason’s correlation coefficient as calculated
by the CORR procedure.

RESULTS AND DISCUSSION

The start time of sampling was delayed for 1.5 h on day
1 compared with the other sampling days. However, that
delay is not considered because the time range was as small
as that of spontaneous urination of each experiment animal.

Urinary cortisol and adrenaline levels were significantly
increased compared with pre-isolation levels on the first day,
and then declined to the basal levels during the next two
days (Figure 2). Urinary noradrenaline levels also tended to
increase on day 1 (p<0.07). Previous studies have shown
that short-term social isolation increases cortisol secretion
(e.g., Rushen et al., 1999). However, this increase seems to
disappear when social isolation is prolonged (Munksgaard
and Simonsen, 1996), suggesting physiological down-
regulation or adaptation to the new environment. Our
results indicate that social isolation caused a transient
increase of urinary cortisol levels in cattle.

In contrast to cortisol secretion, however, relatively few
studies have characterized catecholamine responses to stress
in domestic animals, partly because plasma catecholamines
have been regarded as a highly variable experimental end
point (Minton, 1994). However, Odore et al. (2004)
reported that transportation significantly induced transient
increases in blood catecholamine levels in calves,
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Table 1. Correlation coefficients among urinary hormone levels in
cows

Adrenaline  Noradrenaline
Cortisol (ng/mg creatinine) 0.375! 0.088
Adrenaline (ng/mg creatinine) 0.173

Noradrenaline (ng/mg creatinine)

! Approaching significance (p<0.08).

suggesting endocrine modifications induced by stress
conditions. In addition, Lowe et al. (2004) showed that pre-
slaughter handling affected urinary adrenaline levels in
postmortem bulls. The results of the present study indicate
that stress affects urinary catecholamine levels in living
cattle also.

Table 1 lists the correlations among urinary hormone
levels. Urinary cortisol levels tended to be correlated with
those of urinary adrenaline, but not noradrenaline. These
results are similar to those of Foury et al. (2005), who
reported that cortisol and adrenaline levels were highly
correlated, much more than cortisol and noradrenaline
levels measured in pig urine collected after slaughter. In
their study, urinary adrenaline levels were also highly
correlated with urinary noradrenaline levels. Another study
reported by Foury et al. (2007) indicated that the
concentrations of all three stress hormones in urine were
inter-correlated. In our study, however, there was no
correlation between urinary adrenaline and noradrenaline
levels. Apple et al. (1995) reported that restraint and
isolation stress elicited dramatic elevations in plasma levels
of cortisol and adrenalin, but not in noradrenaline in sheep.
Adrenaline is particularly considered to be an indicator of
mental stress, whereas increased noradrenaline levels seem
to be mainly related to increased physical activity (Odore et
al., 2004). In addition, Foury et al. (2005) pointed out that
the adrenal cortex (cortisol) and medulla (adrenaline) are
co-activated, but that the HPA axis (cortisol) and the SNS
(noradrenaline) are largely independent. These mechanisms
may be related with positive correlation only between
urinary cortisol and adrenaline levels in our study. In
addition, the relatively few animals in our study may affect
the weak correlation between levels of noradrenaline and
cortisol, or adrenaline in urine. Further studies using
numerous animals are required to obtain a precise
understanding of the respective influences of these
hormones.

In conclusion, the present study has demonstrated that
urinary adrenaline levels temporarily increased in response
to social isolation in Japanese Shorthorn cows and that the
change of urinary adrenaline was similar to that of urinary
cortisol. Our results indicate that urinary adrenaline may be
a non-invasive indicator of stress as urinary cortisol in both
slaughtered and living cattle. Smulders et al. (2006) showed
that salivary cortisol and urinary catecholamines were
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linked with behavioural aspects related to animal welfare
using pigs. Our results using a non-invasive technique will
contribute to animal welfare as well as to animal physiology.
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