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Abstract Stress assessment favours methods, which do
not interfere with an animal’s endocrine status. To develop
such non-invasive methods, detailed knowledge about the
excretion of hormone metabolites in the faeces and urine is
necessary. Our study was therefore designed to generate
basic information about catecholamine excretion in rats,
mice and chickens. After administration of *H-epinephrine
or *H-norepinephrine to male and female rats, mice and
chickens, all voided excreta were collected for 4 weeks,
3 weeks or for 10 days, respectively. Peak concentrations
of radioactivity appeared in one of the first urinary samples
of mice and rats and in the first droppings in chickens 0.2—
7.2 h after injection. In rats, between 77.3 and 95.6% of the
recovered catecholamine metabolites were found in the
urine, while in mice, a mean of 76.3% were excreted in the
urine. Peak concentrations in the faeces were found 7.4 h
post injection in mice, and after about 16.4h in rats
(means). Our study provides valuable data about the route
and the profile of catecholamine excretion in three fre-
quently used species of laboratory animals. This represents
the first step in the development of a reliable, non-invasive
quantification of epinephrine and norepinephrine to moni-
tor sympatho-adrenomedullary activity, although promising
results for the development of a non-invasive method were
found only for the chicken.

Communicated by G. Heldmaier.

M. Lepschy (<)) - S. Rettenbacher - R. G. Palme

Institute of Biochemistry, Department of Natural Sciences,
University of Veterinary Medicine, 1210 Vienna, Austria
e-mail: michael.lepschy @vu-wien.ac.at

C. Touma

Department of Behavioral Neuroendocrinology,
Max Planck Institute of Psychiatry,

80804 Munich, Germany

Keywords Rats - Mice - Chickens - Catecholamines -
Excretion - Faeces - Urine - Stress

Introduction

In response to stressors, an animal’s central nervous system
triggers physiological responses that ultimately result in an
activation of the hypothalamic-pituitary-adrenocortical axis
and/or the sympatho-adrenomedullary system, and that are
presumed to have adaptive values during periods of stress
as they help in regaining homeostasis (Moberg 2000;
Romero 2004).

Studies assessing endocrine stress responses comparing,
for example, different housing conditions, effects of routine
management procedures or transportation, require non-inva-
sive methods for hormone level measurement as traditional
approaches of data collection (e.g., blood sampling) cause
an additional stress response due to direct human interfer-
ence (Freeman and Manning 1979; Harvey etal. 1980;
Mostl and Palme 2002). Recent studies have elucidated the
metabolism and excretion of glucocorticoids in different
species of mammals and birds (reviewed by Palme et al.
2005). This knowledge has led to the development of novel
non-invasive methods to monitor adrenocortical activity by
measuring faecal metabolites of glucocorticoids (Mdstl and
Palme 2002; Palme 2005; Touma and Palme 2005).

However, in contrast to glucocorticoids, little is known
about catecholamine (CA) excretion. CA are secreted
within seconds after disturbance. Therefore, it is almost
impossible to determine plasma concentrations of CA with-
out the interference caused by the manipulation of an ani-
mal (Le Maho etal. 1992). A non-invasive method for
measuring CA and/or catecholamine metabolites (CAM) in
the faeces, analogous to steroid hormones, would thus be a
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valuable tool as the activity of the sympatho-adrenomedul-
lary axis could be monitored without the need to directly
interfere with the animal. This would enable long-term
studies including frequent sampling and would also facili-
tate working with species that are difficult to handle.

Until now CAM have been measured in the urine of
humans (Nikolajsen and Hansen 2001), dogs (Durocher
et al. 2007), cats (Claustre and Peyrin 1982; Kojima et al.
1995), rats (Hay et al. 1997), cattle (Strasser et al. 1993)
and pigs (Hay and Mormede 1998; Hay et al. 2000, 2003).
However, the collection of urine samples is not completely
non-invasive and much more difficult to perform, in partic-
ular in small laboratory animals such as mice and rats.
Additionally, CA are not very stable, i.e. requiring the urine
to be preserved or frozen immediately after collection. Due
to these constraints, assessment of sympatho-adrenomedul-
lary system activity in animals has often been performed
indirectly, by measuring for example the blood pressure or
the heart rate of an animal (Von Holst 1998). But these
methods provide only an imperfect solution for monitoring
sympatho-adrenomedullary system activity, since they are
not non-invasive, rendering the measurement of CAM in
the faeces a more suitable approach.

In order to establish a reliable method to quantify hor-
mone metabolites in the faeces, it is essential to gather
information about the time course (the time-lag until the
hormone metabolites appear in the faeces) and the percent-
age excreted via the faeces and the urine, respectively. Both
parameters are known to differ largely between species and
even between sexes (Palme et al. 1996, 2005). Radioinfu-
sion experiments in ruminants and pigs have shown that
SH-CA are mainly (>97.5%) excreted via the urine (Payne
1992; El-Bahr et al. 2005), which is also the main route of
elimination in humans (Moleman et al. 1992).

In the present study, we therefore aimed to gain neces-
sary knowledge about metabolism and excretion of CA in
two species that are widely used as laboratory animals,
namely mice and rats. In addition, we wanted to investigate
the suitability of chicken droppings for measuring CAM,
since urine and faeces are excreted together as droppings in
most bird species (Klasing 2005). The purpose of this study
was to investigate excretion patterns in rats, mice and
chickens after intravenous (rats and chickens) or intraperi-
toneal (mice) administration of radioactively labelled epi-
nephrine (E) and norepinephrine (NE).

Materials and methods
Animals and general housing conditions

The experiments were performed together with (or under
the same conditions as) the *H-corticosterone radiometabo-
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lism studies in the respective species (rats: Lepschy et al.
2007; mice: Touma et al. 2003; chickens: Rettenbacher
et al. 2004).

Rats

In total, 24 twelve-week-old rats [12 males and 12 females;
Fischer, Crl:CD (SD), Charles River, Germany] were used
(N = 6 for each hormone and sex). The animals arrived in
the laboratory four days before the experiment began. Each
rat was housed individually in a Type IV standard Makro-
lon cage (Tecniplast, Buguggiate, Varese, Italy) with saw-
dust as bedding material. The animal housing room was
maintained under standard laboratory conditions (light—
dark cycle: 12:12h, lights on at 6am; temperature:
21 £ 1°C; relative humidity: 50 + 10%). Commercial rat
diet and bottled tap water were available ad libitum. Per-
mission to conduct the animal experiments was obtained
from the provincial government of Lower Austria (LF1-
TVG-5/075-2004).

Mice

In total, 32 adult C57BL/6J mice (Mus musculus f. domesti-
cus, 16 males and 16 females) were used (N =8 for each
hormone and sex). The animals were housed in same-sex
groups of four individuals until the age of 9 weeks under
standardized laboratory conditions (see above). Commer-
cial mouse diet (Altromin No. 1324, Altromin GmbH,
Lage, Germany; content: protein 19%, fat 4%, raw fibre
6%, ash 7%, vitamins and minerals) and bottled tap water
were available ad libitum. At 10 weeks of age, the groups
were separated and the mice were housed individually for
the following 3 weeks under the same conditions as
described above to habituate them to single housing
required for the experiment. The experiments were
approved by the provincial government of Muenster
(23.0835.1.0 G 63/2000) as well as by the Animal Welfare
Officer at the University of Muenster.

Chickens

In total, 20 (ten of each sex) mature ISA brown laying
hybrids obtained from a commercial breeder (R. Schropper
PLC, Gloggnitz, Austria) were used. All animals were
housed individually in cages to which they were habitu-
ated one week prior to the experiments. Males and females
were housed in separate rooms. Food and water were sup-
plied ad libitum throughout the experiments. The daily
light period was from 6:00 to 20:00. Permission for
conducting the animal experiment was obtained from the
Federal Ministry of Education, Science and Culture (GZ
68.205/59-P1/4/2002).
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Administration of radiolabelled E and NE and sample
collection

All animals received *H-E (special synthesis, WS03DC, E,
levo—[ring-2,5,6-3H]) or *H-NE (NET 678, NE, levo-[ring-
2,5,6-3H]), both purchased from Perkin Elmer, Life and
Analytical Sciences (Boston, MA) with a specific activity
of 40-80 Ci/mmol (purity > 97%).

Rats

At 9 am on day 0 of the experiment, each rat was injected
intravenously with 1.1 MBq of *H-E or *H-NE diluted in
0.4 ml of sterile isotonic saline solution. The whole proce-
dure of catching, fixation, intravenous injection and trans-
ferring the rat into its individual metabolism cage (steel
wire, cylindrical shape, 20 cm height, 20 cm diameter) did
not exceed 4 min per animal.

All excreta dropped through the bars of the wire floor
of the metabolic cages and then were separated by two
pipes, one covered by a mesh that only urine could flow
through. This setup enabled easy collection without dis-
turbing the animals. Sample collections performed during
the dark phase were done under dimmed light conditions
to avoid disrupting the animals’ natural activity cycles.
During the first 4 h, the rats were kept without water or
pelleted food strictly in order to avoid contamination of
the urine and faeces. After this period, bottled water was
supplied ad libitum. After 12 h, food was given ad libitum
as well. During the first 24 h, every voided urine and fae-
cal sample was collected separately, stored at —24°C and
the time of sampling was documented. Further sampling
was done at 30, 36, 48, 72 and 96 h post injection. The
animals were then put back into Type IV standard Makro-
lon cages and transferred into the metabolism cages only
once a week (for 6 h) for 4 weeks to collect faecal and
urine samples.

Mice

On day O of the experiment, each mouse was given an intra-
peritoneal injection of 0.67 MBq *H-E or 0.33 MBq *H-
NE diluted in 1 ml of sterile isotonic saline solution con-
taining 10% (v/v) ethanol. The whole manipulation lasted a
maximum time of 3 min per animal.

The mice were housed singly in stainless steel type III
wire cages, described by Touma et al. (2003), to enable
individual sampling and quantitative collection of all
voided urine and faeces without handling the animal. To
habituate the mice to the housing and sampling procedures,
the animals were placed into this housing system three days
before the injections, and samples were collected in 12 h
intervals during this time. Since mice, like rats, are noctur-

nal animals, all sampling conducted during the dark phase
was performed under dimmed light conditions (<5 lux).

For 5 days after the injection, all faecal and urine sam-
ples were collected quantitatively and stored at —24°C until
analysis. During the first 24 h, sampling was done accord-
ing to the following time schedule: 0, 2, 4, 6, 8, 10, 12, 14,
16, 20, 24 h post injection. After the first 24 h, excreta were
sampled in intervals of 12 h through day 5 of the experi-
ment. From day 6 to day 14 after hormone administration,
sampling was done daily.

Chickens

Male and female birds were administered 1.85 MBq of *H—
NE, and after an interval of 4 weeks, the same animals were
administered 1.85 MBq of *H-E. The hormones were dis-
solved in 1 ml of 0.9% NacCl solution containing 10% (v/v)
ethanol and injected into the wing vein (Vena cutanea ulna-
ris). Before injection, droppings of each bird were collected
to determine background levels of radioactivity. During the
first 24 h after injection, all samples were collected imme-
diately after voidance, put into plastic freezer bags and
stored at —24°C. On the following day, all droppings were
collected at 6 h intervals. Starting on the third day, samples
were collected once a day for 10 days.

Extraction and determination of radiolabelled E and NE
metabolites

Rats and mice

To determine the radioactivity in the urine samples of the
rats, a total of 0.1 ml of each urine sample was put in a scin-
tillation vial (Art. No. 6008117, Packard Instruments, Mer-
iden, CT, USA). For the mice, the spots where urine
dropped onto the filter paper were cut out, the strips of each
sample were put in a scintillation vial and mixed with 2 ml
of 80% methanol. Afterward, 12 ml of scintillation fluid
(Quicksafe A, No. 100800, Zinnser Analytic, Maidenhead,
UK) were added and the radioactivity was measured in a
liquid scintillation counter (Tri-Carb 2100TR, Packard
Instruments, Meriden, CT, USA; for details, see Touma
et al. 2003).

To extract and determine the "H-CAM in the faeces,
each faecal sample was well homogenized (with mortar and
pestle), and an aliquot of 0.1 g was suspended in a mixture
of 1.6 ml of 100% methanol and 0.4 ml acetic acid
(0.2 mol/1) for rat samples. For mouse samples, 0.05 g of
homogenized faecal matter was suspended in 0.8 ml of
100% methanol and 0.2 ml acetic acid (0.2 mol/l). After
vortexing for 30 min, each sample was centrifuged (15 min
at 2,500g; Touma etal. 2003). After centrifugation, a
0.1 ml aliquot of the supernatant (in duplicate) was
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measured in a liquid scintillation counter (see above) and
the amount of radioactivity was then calculated as
described previously by Touma et al. (2003).

Chickens

A total of 0.5 g of well-homogenised droppings were sus-
pended in a mixture of 3 ml 100% methanol and 2 ml acetic
acid (0.2 mol/l). After vortexing for 30 min, the mixture
was centrifuged at 3,000g for 15 min. An aliquot (0.5 ml)
of the supernatant (in duplicate) was measured in a liquid
scintillation counter as described previously (Rettenbacher
et al. 2004).

Statistical analysis

All statistical tests were applied using the software package
SigmaStat (3.11). Two independent samples were com-
pared by using the Students 7 test (two tailed) when nor-
mally distributed, and by using the Mann—Whitney Rank
Sum-test (two tailed) when not normally distributed. Differ-

ences were considered significant if their probability of
occurring by chance was less than 5%. Mean total recovery,
excretion patterns and time of peak excretion in urine and
faecal samples (only applicable for rats and mice) of males
and females were also statistically analysed for significant
differences between the sexes.

Results

Recovery of radioactivity, median excretion and excretion
maxima (peak excretion after injection time) of rats, mice
and chickens treated with *H-E or *H-NE are given in
Table 1. The total recovery of radioactivity (in rats and
mice calculated as the sum of recovered radioactivity in
urine and faeces) is expressed as the percentage of adminis-
tered radioactivity.

In all tested animals, the majority of the radioactivity was
excreted within the first 24 h, while the remaining radioac-
tivity was excreted slowly over the following days/weeks
until background levels were reached (see Figs. 1 and 2).

Table 1 Overview of excreted epinephrine (E) and norepinephrine (NE) in rats, mice and chickens

TR (%) Excretion via urine (%) Faeces (%) Time delay (h) urine Faeces

Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max.
Rats
E
m 564 40.7 58.7 88.8 78.8 90.7 11.2 9.3 212 3.6 1.2 6.1 17.4 155 213
f 556 49.3 59.0 88.9 71.3 92.3 11.1 7.7 227 23 1.6 6.2 18.2 13.0 202
NE
m 81.7 74.5 894 923 90.9 94.7 7.7 5.3 9.1 25 2.1 5.4 15.0 9.1 185
f 66.1 62.4 77.1 944 92.7 95.6 5.6 4.4 73 25 1.0 7.2 16.9 102 188
Mice
E
m 87.0 73.8 98.5 91.0 234 93.9 9.0 6.1 76.6 2.0 2.0 2.0 8.0 8.0 10.0
f 86.7 74.1 99.3 84.0 10.1 90.6 16.0 9.4 89.9 2.0 2.0 4.0 6.0 20 120
NE
m 76.1 70.8 89.7 947 92.7 96.1 53 3.9 73 3.0 2.0 4.0 8.0 6.0 14.0
f 872 73.0 99.6  68.7 11.1 96.9 31.3 3.1 88.9 2.0 2.0 6.0 7.0 2.0 8.0

Peak 1* Peak 2%

Chicken
E
m 59.6 45.4 70.8 0.8 0.5 1.9 34 5.0
f  66.5 46.8 1043 1.2 0.2 1.9 4.1 3.8 4.3
NE
m 74.6 55.9 92.5 0.5 0.2 1.0 2.4 1.7 5.0
f 70.5 41.6 95.2 0.7 0.2 1.7 2.6 1.9 34

In chickens only TR is given (note the combined excretion of urine and faeces in droppings!)

m male, f female, TR total recovery

# Peak 1: presumably urinary peak excretion, peak 2: presumably faecal peak excretion of the droppings
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Fig. 1 Time course of excreted SH-E metabolites (kBg/sample) in
urine, faeces (rats and mice) or droppings (chickens) after injections.
Note the different scaling of the two y-axes of the upper and middle
panel. Data of a representative individual male of each species are
shown

Rats

After injection of E, peak radioactivity appeared in the first
urine samples following administration (median: 3.0 h,
range: 1.2-6.2 h in males and females, Table 1), and subse-
quently decreased rapidly (see Fig. 1). Nevertheless, back-
ground levels were reached only after 5 weeks. In the
faeces, maximum radioactivity was found about 18 h post
injection (range: 13.0-21.3 h; Table 1). The major part of
the injected radioactivity was recovered in the urine
(median: 88.9%, range: 77.3-92.3%; Table 1), while only

small amounts (median: 11.1%, range: 7.7-22.7%) were
recovered in the faeces. There were no significant differ-
ences between sexes regarding these parameters.

In the NE experiment, the mean total recovery in males
was significantly higher than that in females [82.4 £+ 5.1 vs.
68 £5.2, r test, n (males) =n (females) =6; P <0.001].
Peak radioactivity in urine samples appeared 1.0-7.2 h post
injection and in faecal samples after 9.1-18.8 h in both
sexes (see Fig. 2). Compared to recovery of E, total recov-
ery in the urine was higher (90.9-95.6%).

Mice

Excretion patterns of E and NE in mice were in general
similar to the findings for rats, but a larger inter-individual
variation was observed, in particular within the females
(see Table 1).

In the E experiment, the mean total recovery of radioac-
tive CAM was relatively high for both sexes, ranging
between 73.8 and 99.3%. Excretion of peak radioactivity in
the urine usually occurred in the first urinary samples, i.e.,
those collected two hours after the injection (males and
females: median: 2 h, range: 2—4 h). Peak radioactivity in
faeces was recovered later in both sexes, but the timing
differed significantly between males and females (males:
median: 8 h, range: 8-10 h, females: median: 6 h, range:
2-12 h; Mann—Whitney Rank Sum Test, n (males) =n
(females) =8; P =0.028). The route of excretion also
differed significantly between sexes [Mann—Whitney Rank
Sum Test, n (males) =n (females)=8; P =0.028]. In
males, all except one individual excreted the majority of
radioactivity via the urine (median: 91.0%, range: 23.4—
93.9%), whereas the percentage of radioactive CAM in the
urine of females was lower and two of the eight individuals
even excreted higher percentages via the faeces (median:
84.0%, range: 10.1-90.6%). Thus, the percentage of
excreted E metabolites in the faeces was relatively low
(with a few exceptions) in males as well as in females.

Similar results were obtained in the NE experiment (see
Table 1). Again, the total recovery ranged between 70.8
and 99.6% for both sexes and the majority of radioactive
NE metabolites was excreted via the urine. As in the E
experiment, urinary excretion of CAM in males was more
consistent than in females (males: median: 94.7%, range:
92.7-96.1%; females: median: 68.7%, range: 11.1-96.9%),
although not statistically significant between the sexes. In
general, peak radioactivity was recovered within 2 h in the
urine (males: median: 3 h, range: 2—4 h; females: 2 h,
range: 26 h). In the faeces, the time delay ranged from 6 to
14 h in males (median: 8 h) and from 2 to 8 h in females
(median: 7 h). Thus, in contrast to the E experiment, the
sexes did not differ significantly regarding the route and the
delay time of NE metabolite excretion.
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Chickens

For both hormones, significant differences between the
sexes concerning the time of excretion maxima were not
detected. Following E administration, peak excretion
occurred within 1.0 h (range 0.2-1.9 h) in both males and
females. In two males and three females, a second, smaller
peak was observed (see Fig. 1). Individual data are given in
Table 1. The median total recovery was 62.2% in both
sexes (range: 45.4-104.3%).

In the NE trial, excretion maxima were reached after
0.7h (range: 0.2-1.7 h) in both males and females. Six
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Fig. 2 Time course of excreted SH-NE metabolites (kBg/sample) in
urine, faeces (rats and mice) or droppings (chickens) after injections.
Note the different scaling of the two y-axes of the upper and middle
panel. Data of a representative individual male of each species are
shown
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males and three females showed a small second peak (see
Fig. 2). The median total recovery was 70.5% in both sexes
(range: 41.6-95.2%). Timing of the excretion maxima
differed significantly between the E and NE trial [r test,
n (males) = n (females) = 10; P = 0.048).

Discussion

The goal of this study was to gather basic information about
the excretion of CA in three species of commonly used lab-
oratory animals. Therefore, *H-E and *H-NE were admin-
istered to mice, rats and chickens. All voided excreta were
collected and radioactivity of each sample was measured.

The overall percentage of recovered radioactivity was
comparable to experiments on the metabolism of steroids
(Palme et al. 2005) and on the metabolism of CA in domes-
tic livestock (EI-Bahr et al. 2005). In rats, however, back-
ground levels were reached later than after administration
of glucocorticoids (Lepschy et al. 2007). The formation of
adducts, the binding of CA to plasma proteins, could be a
possible explanation for this. Adduct formation in vitro has
been reported not only for rats (Powis 1975a), but for sev-
eral other species including humans (Powis 1975b; Sager
etal. 1987), dogs (Teixeira etal. 1979), sheep (El-Bahr
et al. 2006) and domestic fowl (Powis 1975a). The uptake
and/or binding of CA in blood cells offers further explana-
tions for delayed excretion of *H-CA and was demon-
strated in humans (Altman et al. 1988; Azoui et al. 1994,
1996a; Ratge et al. 1991; Born et al. 1967), sheep (El-Bahr
et al. 2006), rabbits (Blakeley and Nicol 1978; Friedgen
et al. 1993) and rats (Azoui et al. 1996b; Alexander et al.
1984; Bouvier et al. 1987; Yoneda et al. 1984). The signifi-
cantly lower recovery in female rats in the NE trial may
also be attributed to these mechanisms.

In the mouse and chicken experiments, sampling was
performed only for 2 weeks and 10 days after the injection,
respectively. Therefore, a similar phenomenon could not be
investigated. However, the lower recovery rates compared
to radiometabolism studies of glucocorticoid performed in
the same species (Touma et al. 2003; Rettenbacher et al.
2004) indicate similar mechanisms. Future studies should
address possible interactions of CA with proteins in the
blood of both mice and chickens.

In mice and rats, radioactive CAM were mainly excreted
via the urine, but the faecal proportion was larger than in
sheep and pigs, which were reported to be only about 2.5%
(El-Bahr et al. 2005).

After injection of *H-E, the rats showed an excretion
pattern which was similar to that of glucocorticoids
(Lepschy et al. 2007). In the *H-E experiment, the main
share of the administered radioactivity (more than 80%)
was excreted in the urine. These findings correspond with
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the results of Kopin et al. (1961), who also found only 15%
of the administered H*>-E in the faeces and the rest in the
urine.

With regard to the distribution of radiolabelled CAM
between urine and faeces, mice showed a noticeable differ-
ence in the proportions. This was more pronounced in
females, where excretion in the urine varied considerably in
both hormones. To our knowledge, such marked inter-indi-
vidual differences of the CAM excretion patterns in females
have not been described previously for any species. Cross
contamination of urine and faeces can be ruled out, as the
excretion peak of urine and faeces always appeared at the
expected point of time and showed a distinct pattern of
increase and decrease. Certainly, cross contamination
would have disrupted these patterns of different points of
excretion maxima in faeces and urine. Failure of intraperi-
toneal injection might account for the high variance
(Gaines Das and North 2007), too. However, this explana-
tion seems to be unlikely as the same administration tech-
nique in previous applications did not result in variability in
the amount of recovered radioactivity or in the distribution
of radioactivity in the faeces or the urine of mice (Touma
etal. 2003). Therefore, sex-specific adduct formation of
CA, including binding to specific serum proteins has not
been described previously for any species in vivo, but
might be taken into consideration, since similar mecha-
nisms, i.e., binding of corticosterone to corticosterone bind-
ing globulins are well described in several species (see
Westphal 1983 for a review).

In chickens, excretion patterns were similar between
individuals and also between sexes. The peak concentra-
tions of radioactivity were excreted within 2 h after admin-
istration. Although the timing of the excretion maxima of E
and NE differed significantly, these results should be inter-
preted with caution. Since peak radioactivity appears in the
first dropping after *H-CA injection in chickens, a slightly
different defecation frequency of the E and NE groups
might have led to this result. In the chicken, urine and fae-
ces are excreted together as droppings. In individuals with a
two-peaked excretion curve, the first peak may be the result
of renal, the second of intestinal excretion (observed and
described after glucocorticoid administration, Rettenbacher
et al. 2004). The fact that the second peak was not detect-
able in all animals, together with the findings from mam-
mals, indicates that in chickens, similar to mammals,
urinary excretion is the main route of elimination while fae-
cal excretion is low.

For a reliable quantification of CAM, excretion patterns
must be constant in both the proportion of excreted metabo-
lites as well as the time of occurrence. With regard to our
results, these requirements are better met in rats than in
mice, as the latter species shows a more variable excretion
pattern, especially in the females.

In conclusion, establishing a non-invasive method for
measuring CA in faeces seems to be feasible only in the
chicken, which was investigated as a representative bird
species. Therefore, further investigations seem promising
for this species. Future studies should address the nature of
the excreted metabolites to some extent in order to develop
suitable antibodies for their quantification. A non-invasive
method for the measurement of CAM in the excreta analo-
gous to steroid hormones would allow monitoring of the
activity of the sympatho-adrenomedullary system as well.
This could serve as a valuable tool for a number of research
fields and would open new perspectives for biomedical and
pharmacological investigations as well as for animal wel-
fare related studies.
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