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Analysis of faecal glucocorticoid metabolites provides a powerful noninvasive tool for
monitoring adrenocortical activity in wild animals. However, differences regarding the
metabolism and excretion of these substances make a validation for each species and sex
investigated obligatory. Although maned wolves (Chrysocyon brachyurus) are the biggest
canids in South America, their behaviour and physiology are poorly known and they are
at risk in the wild. Two methods for measuring glucocorticoid metabolites in maned wol-
ves were validated: a radio- and an enzyme immunoassay. An ACTH challenge was used to
demonstrate that changes in adrenal function are reflected in faecal glucocorticoid meta-
bolites. Our results suggest that both methods enable a reliable assessment of stress hor-
mones in maned wolves avoiding short-term rises in glucocorticoid concentrations due to
handling and restraint. These methods can be used as a valuable tool in studies of stress

and conservation in this wild species.

INDEX TERMS: ACTH, corticosterone, cortisol, immunoassay, non-invasive monitoring, stress.

RESUMO.- [Comparacido de dois métodos para avalia-
¢ao de glicocorticéides em lobos guaras.] A andlise de
metabélitos de glicocorticdides fecais é uma ferramenta
ndo-invasiva poderosa para o monitoramento da ativida-
de adrenal em animais silvestres. Entretanto, diferencas
no metabolismo e na excrecdo dessas substancias tornam
obrigatéria a validacdo desse método para cada espécie e
sexo investigado. Embora os lobos guaras (Chrysocyon bra-
chyurus) sejam os maiores canideos da América do Sul, seu
comportamento e fisiologia sdo ainda pouco conhecidos e
estes animais sdo ameacados. Dois métodos para mensu-
racdo de metabdlitos de glicocorticéides em lobos guaras
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foram validados: um radio- e um enzima- imuno-ensaio.
Um desafio de ACTH foi usado para demonstrar que altera-
¢des no funcionamento adrenal podem ser detectadas nas
concentragdes metabolitos de glicocorticéides fecais. Nos-
sos resultados sugerem que ambos os métodos possibili-
tam uma avalia¢do confiavel dos horménios relacionados
ao estresse em lobos guaras, evitando assim aumentos de
curta duragdo nas concentragdes glicocorticéides, devidos
ao manejo e contencdo. Esses métodos podem ser usados
como uma ferramenta valiosa em estudos de estresse e
conservagdo com essa espécie silvestre.

TERMOS DE INDEXACAO: ACTH, corticosterona, cortisol, imu-
no-ensaio, monitoramento ndo-invasivo, estresse.

INTRODUCTION

Glucocorticoids are released in response to environmental
challenges to overcome stressful situations. Their functions
include increasing available glucose, improving cardiovas-
cular tone, and inhibiting the gastrointestinal, reproductive
and immune systems. The associated cascade of hormones
through the blood, known as the hypothalamic-pituitary-
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-adrenal (HPA) axis, is activated by a wide variety of envi-
ronmental and social stressors, in particular, exposure to
novelty and lack of predictability or controllability of im-
portant events (Sapolsky 1992, Mostl & Palme 2002). Acute
and chronic stress can have deleterious effects on survival
or reproduction. Knowledge of stress hormones is, there-
fore, important for conservation biology, wildlife manage-
ment, animal husbandry, behavioural ecology and biome-
dical studies (Boonstra & Singleton 1993, Graham & Brown
1996, Wingfield et al. 1997, Touma & Palme 2005, Thiel et
al. 2008).

Research on stress in wild animals has been aided grea-
tly by the development of techniques to monitor glucocorti-
coids noninvasively, often by using faecal glucocorticoid me-
tabolites (GCM). Faecal samples can be acquired with mini-
mal or no contact with study animals, avoiding increases in
circulating glucocorticoid levels as a result of handling. Ano-
ther advantage is that longitudinal sample collection is pos-
sible and enables studies connecting endocrinology with a
wide range of social or environmental factors. Finally, nonin-
vasive methods allow information to be obtained retrospec-
tively, as faecal samples represent average hormone produc-
tion a certain time ago (Touma & Palme 2005). Researchers
and conservationists in various animal species (for a review,
see Touma & Palme 2005, Schwarzenberger 2007) have ex-
tensively used these techniques, which are now widely ac-
cepted as effective for monitoring glucocorticoid levels. Ho-
wever, using these techniques to reliably assess an animal’s
adrenocortical activity is not that simple and straightforward
to apply. Because clear differences regarding the metabolism
and excretion of GCM exist between species, and someti-
mes even between sexes within a given species (Palme et al.
2005), a careful validation for each species and sex investiga-
ted is obligatory (Palme 2005, Touma & Palme 2005).

During the last decades, radioimmunoassays (RIAs)
have been progressively replaced in human medicine by
more modern and ecologically correct methods, such as
fluorescence immunoassays or enzyme immunoassays
(EIA). However, despite the considerable disadvantages of
the former technique if compared to enzyme immunoas-
says, associated with the use of radioisotopes, risk in their
transportation from abroad, high costs, and the need for
special environmental conditions (temperature, humidity,
etc.) in the laboratories where they are finally used (Mon-
dal & Prakash 2007), radioimmunoassays are even nowa-
days mainly used in animal research for measuring steroids
in blood and faeces in several countries, probably due to
the relative ease of acquisition. These countries do not have
easy access to the large variety of group specific EIA antibo-
dies provided by a few laboratories in the world, and do not
have facilities to produce their own. Therefore, both techni-
ques were tested, in order to make it feasible to noninvasi-
vely measure glucocorticoids in maned wolves (Chrysocyon
brachyurus) even in laboratories with restricted access to
specific immunoassay techniques.

The maned wolf is the largest canid in South America
and, in spite of its ample distribution in South America
(Brazil, Argentina, Bolivia, and Paraguay, Dietz 1984), the
population size in the wild is threatened (Dietz 1984, Bec-
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caceci 1991, IUCN 2009), mainly by large-scale habitat loss,
due to deforestation and conversion to agricultural land
(Fonseca et al. 1994). Due to this threat, the establishment
of a stable ex situ population is essential from a conserva-
tion perspective. However, according to the International
Register and Studbook for the Maned Wolf (2002), the cap-
tive population of maned wolves is not self-sustaining.

Lack of environmental novelty and complexity, common
in captive contexts, may lead to low welfare (Young 2003).
Severe and chronic stress may reduce individual fitness
through immunosuppression and tissue atrophy (Munck
et al. 1984), also diminishes the animal’s reproductive suc-
cess (Liptrap 1993, Dobson & Smith 1995).

Several authors used faecal GCM quantification to assess
stress responses in domestic dogs (Palme et al. 2001, Schatz
& Palme 2001), African wild dogs (Monfort et al. 1998),
spotted hyenas (Goymann et al. 1999), grey wolves (Sands
& Creel 2004) and red wolves (Young et al. 2004). Cummin-
gs et al. (2007) studied the physiological and behavioural
responses of the maned wolf to environmental enrichment.
However, a physiological validation of their techniques to
measure stress hormone metabolites in this species is mis-
sing in their paper. As there is limited specific information
about maned wolf stress physiology, increased knowledge
would improve captive breeding and management. Therefo-
re, the hypothesis that RIA and EIA can accurately measure
adrenocortical activity in the study species was tested. For
the first time, both methods for measuring faecal GCM in
maned wolves were validated biochemically and physiolo-
gically (Touma & Palme 2005, Chelini et al. 2011).

MATERIALS AND METHODS

Animals

Faecal samples from 2 adult captive-born maned wolves were
collected during the summer of 2008 (out of the breeding sea-
son in the Southern Hemisphere). As sex may play a role in the
metabolism and excretion of steroids (Palme et al. 2005), a male-
-female pair was used. The wolves had been pair-housed for the
previous five years at Sdo Bernardo do Campo Zoo, in the State of
Sdo Paulo (Brazil). The enclosure measured 490 m? containing
grass, trees, and 2 dog houses. The wolves were fed once a day, in
the morning, a meal consisting of seasonal fruits (apple, banana,
papaya) and meat (bovine heart, chicken neck, moist dog food or
slaughtered laboratory rats). Water was provided ad libitum.

Collection of faeces

Fresh faecal samples were collected daily around 9:00 h, for
11 days (5 days prior to an adrenocorticotropic hormone [ACTH]
injection and 6 days following this procedure). As these canids
normally defecate once or twice a day, the samples collected at
this time would reflect adrenocortical activity in the previous day.
In the afternoons, the female was fed with a meatball with pow-
der food dye, to permit identification of individual faecal samples.
Every faecal sample was mixed immediately after collection to
ensure sample homogeneity, and frozen (-20° C) until extraction.

Determination of faecal GCM

Radioimmunoassay. The steroid extraction method of Brown et
al. (1994) was used, as already described for maned wolves (Cum-
mings et al. 2007), with minor modifications. Aiming at the possi-
bility of avoiding the costs and the spending of unnecessary time in
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lyophilisation, a pilot test was run, comparing a set of 12 wet and the
corresponding 12 dried (lyophilized) extra samples. As the results
were highly correlated, nondried faecal samples (0.3g) were boiled
for 20 min in 5mL 90% ethanol: 10% distilled water. Each sample
was centrifuged at 500 x g for 15 min, the supernatant was recove-
red, the pellet was resuspended in 5 mL of 90% ethanol and re-cen-
trifuged at 500 x g for 15 min. The supernatant was recovered, poo-
led with the previous one, dried and resuspended in 1 mL methanol
(100%). The extracts were stored frozen (-20°C) until analysis.

GCM were quantified using a commercially available double-
-antibody corticosterone radioimmunoassay kit (MP Biomedicals,
Irvine, CA), following the manufacturer’s protocol. This assay
was shown to be able to detect changes in adrenocortical activi-
ty in a wide range of species (for a review, see Touma & Palme
2005). Wasser et al. (2000) and Heistermann et al. (2006) report
detailed crossreactions of the antibody with various GCM. Before
analysis, faecal extracts were diluted in RIA diluent (1:100 and
1:20, when necessary). Faecal concentrations of GCM measured
by RIA were expressed as micrograms per gram wet faeces. In
order to establish the biochemical validity of our assay, a test of
parallelism was performed: samples serially diluted were pooled
with the steroid diluent provided with the corticosterone RIA kit
to compare the slope of the antibody binding curve with that of
the standard supplied with the RIA kit.

Enzyme Immunoassay. The steroid extraction method re-
commended by Palme (2005) was used. The amounts of GCM
were determined using a cortisol EIA, previously described by
Palme and Méstl (1997). This assay has already been validated
and successfully used with dogs’ faeces to monitor changes in
adrenocortical activity (Schatz & Palme 2001). Faecal concentra-
tions of GCM measured by EIA were expressed as nanograms per
gram wet faeces.

ACTH-challenge test

This validation procedure involved monitoring of faecal GCM
before and after an exogenous administration of ACTH, in order to
demonstrate a temporal correlation between changes in adrenal
activity and changes in faecal GCM concentrations. Each maned
wolf was administrated an intramuscular injection of 0.38 mg of
a synthetic ACTH (Synacthen 1 mg/ml; Novartis Farma S.p.A, Ori-
ggio, VA). The day of injection was referred as day 0, with faecal
collection beginning on day -4 and continuing to day 6.

The experiment was conducted in accordance with the Brazi-
lian ethical guidelines. It also had the approval of the Committee
for Ethics in Animal Research, Institute of Psychology, University
of Sdo Paulo (permit number 001.2009).
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Statistics

Pearson’s Correlation Coefficient was used to evaluate the
correlation between metabolite concentrations in wet and lyo-
philized samples (pilot test), the concentrations measured in the
faeces of the female and the male, and between the results obtai-
ned with both techniques for each individual. A T-Test was used to
compare the baseline mean concentrations of GCM of males and
females and a Linear Regression was used to check for parallelism
between the slopes of the commercial kit standard and the dilu-
tions of the faecal extracts.

Faecal GCM measures from each individual were analysed se-
parately. For each animal, baseline level was calculated as the mean
of GCM concentrations measured through the days prior to injec-
tion. Increases in GCM excretion after ACTH injection were con-
sidered significant if they exceeded mean baseline concentration
plus 2 standard deviations. For all statistical tests, differences were
considered significant at P < 0.05, which were performed using
GraphPad InStat (version 3.00, GRAPHPAD Software Inc. 2000).

RESULTS

Biochemical validation of the assays

The pilot test revealed a positive correlation between
the concentrations measured by RIA in the wet and in the
dried samples (r=0.89, P<0.001). Serial dilutions of pooled
faecal extracts, measured by RIA, produced displacement
curves parallel to those of the corticosterone standard cur-
ve: r=0.998 (y=2.485+0.896x), P<0.001. The sensitivities of
the assays were 6.43 ng/g (RIA) and 0.7 ng/g (EIA) and all
the coefficients of variation were below 10%.

GCM concentrations

The animals maintained an average concentration (+ SD)
of 14.7 + 12.4 ng/g faeces (Female, RIA); 37.9 + 56.7 ng/g fae-
ces (Female, EIA), 11.3 + 7.3 pg/g faeces (Male, RIA) and 32.1
+ 31.7 ng/g faeces (Male, EIA) throughout the baseline period,
without differences between mean values of males and fema-
les (¢=0.5234, P=0.6148 for RIA and t=0.2013, P=0.8455 for
EIA). The ACTH treatment resulted in an increase (to 60 ug/g
faeces - Female, RIA; 220 ng/g faeces - Female, EIA; 42 pg/g fae-
ces - Male, RIA and 211 ng/g faeces - Male, EIA) in GCM con-
centrations from day 0 to day 1 and a decrease from days 1 to 2
and 2 to 3, when concentration returned to baseline (Fig.1a,b).
In both animals, peak values were observed in the first day
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Fig.1. Concentrations of faecal glucocorticoid metabolites (GCM) of a female (a) and a male (b) captive maned wolf (Chrysocyon bra-
chyurus) during an adrenocorticotropic hormone (ACTH) challenge measured by radio- (--0--) and enzyme immunoassay (-4-).
Samples were collected in the Summer 2008 at the Sdo Bernardo do Campo Zoo, Brazil. Day zero represents the day of injection

(0.38 mg, intramuscular).
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following the ACTH challenge, which reached between 268%
and 557% of the baseline concentration. Statistical analysis
evidenced correlations between male and female data (r=0.93;
P<0.0001 with RIA and r=0.89; P<0.0001 with EIA) as well as
between data resulting from EIA and RIA for each individual
(r=0.97; P<0.0001 for Female and r=0.95 and P<0.0001 for
Male). Both animals had relatively high concentrations of GCM
on day -2 for unknown reasons. However, the GCM concentra-
tions on this day did not exceed the pre-set level of significance
(mean baseline plus 2 SD).

DISCUSSION

Our results demonstrated that, in maned wolf, adrenocorti-
cal activity is well reflected in GCM concentrations. In both
animals, either through RIA or EIA, a peak value was observ-
ed on the first day following the ACTH challenge, which
reached between 268% and 557% of the baseline concen-
tration. GCM concentrations returned to basal level 3 days
after the injection. These results are consistent with the
findings of Schatz & Palme (2001). These authors used the
same cortisol EIA in domestic dogs’ faeces, and measured
an increase in concentrations of cortisol metabolites above
baseline of approximately 700% about 22 h after ACTH ad-
ministration. Therefore, the delay time of peak concentra-
tions is similar in the 2 species, which suggests a similar ex-
cretion pattern between maned wolves and domestic dogs.

Because the maned wolf is near threatened, it was not
possible to work with a larger sample and perform a con-
trol study. As high inter-animal variation in GCM concen-
tration were reported in similar studies (Schatz & Palme
2001, Chelini et al. 2006, Cummings et al. 2007), a 5-day
baseline period was included, so that each animal could
serve as its own control (Touma & Palme 2005). For the
same reason, it was not possible to assess the effect of the
injection procedure itself by injecting other wolves with sa-
line solution. Therefore, it is not possible to state that the
increase in GCM concentration on day 1 did not result from
the stressful effects of the injection procedure itself instead
of or in addition to the ACTH stimulation. However, both
situations fit our purpose by elevating circulating levels of
glucocorticoids. Likewise, the relatively high GCM concen-
tration measured in day -2 samples from both animals pro-
bably reflected an increase in blood glucocorticoid levels
on the previous day. As the pair was housed in the same
enclosure, it is likely that any stressful event affecting one
animal on day -3 would affect the other one and result in an
increase in blood glucocorticoids that was reflected in fae-
cal GCM concentration on the following day, as observed.
As the animals were not observed continuously during this
period, it was not possible to identify such an event.

The correlation between male and female data using
both techniques suggests that there are no sex differen-
ces in glucocorticoid excretion in maned wolves. However,
although similar observations were reported for other
species such as red-deer (Huber et al. 2003), guinea pigs
(Bauer et al. 2008) or wolves (Sands & Creel 2004), due to
the small number of animals available for this study, this
outcome should be taken carefully. Studies using more ma-
ned wolves will be necessary to generalize this result.
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For the first time in this species, a physiological valida-
tion of 2 methods for noninvasively assessing adrenocor-
tical activity was presented. It indicates that Chrysocyon
brachyurus produces glucocorticoid metabolites in detec-
table concentrations in faeces and that both - a corticoster-
one RIA as well as a cortisol EIA are suited to accurately
measure glucocorticoids metabolites in the faeces, despite
the fact that there is probably only very few cortisol and
corticosterone, if any, in the faeces (Touma & Palme 2005).
Cross-reactions of the antibodies (Palme & Maostl 1997,
Heistermann et al. 2006) with one or several GCM may ex-
plain this.

Besides avoiding radioactivity, an EIA has several ad-
vantages over conventional RIA: it is cheaper, less labour
intensive, simpler to perform, less time consuming, and
can be especially designed for measuring specific groups of
GCM (Mostl et al. 2005, Mondal & Prakash 2007). Conside-
ring the high correlation between the results of the assays,
both are equally suited and researchers can decide which
one to use, depending on the ease of availability.

Our data indicate that quantification of faecal GCM
through either EIA or RIA is a powerful alternative for non-
invasive monitoring of free-living or captive maned wolves’
responses to environmental and social stressors. These te-
chniques allow stress hormones monitoring without the
influence of short-term rises in glucocorticoid concentra-
tions due to handling and restraint. As a consequence, they
can be especially useful to predict or interpret behavioural
responses to stressors, such as when testing hypotheses
about population dynamics, predator-prey relationships,
and conservation strategies.
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