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� Patterns of serum and urinary CORT and T are comparable in amphibians. � Serum CORT increased between 0–0.5 h, reaching maximal levels
at 6–8 h. � Urinary CORT increased with a lag-time of 1 h. � Serum T decreased between 0–7 h and increased between 7–8 h. � Urinary T
decreased with a lag-time of 0.5 h, with no change between 4–8 h.
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1. Introduction

Conservation physiology is a broad field of biological scienc
that encompasses a number of physiological disciplines such a
endocrinology, environmental and ecological physiology and neu
rophysiology in order to address current conservation problem
and the consequences of conservation actions (Narayan, in pres
Wikelski and Cooke, 2006). One of the most useful tools associate
with conservation physiology is the measurement and monitorin

2

of stress hormones in animals in response to environmental stress-
ors. Non-invasive endocrinology is a key component of amphibian
conservation physiology and minimally invasive methods have
been used widely for measuring hormone metabolite concentra-
tions to assess reproductive hormones and physiological stress in
wild and captive amphibians with minimal disturbance (Narayan
et al., 2013). Minimally invasive sampling techniques in amphibi-
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nitoring with minimally invasive biological samples, such as urine, is bein
n biology research on amphibians. Currently, it is unknown how closely ur
ond with the traditional serum hormone measurements. We compared ur

ions of corticosterone (CORT) and testosterone (T) in adult male cane toad
andard capture and handling (short-term stressor) protocol. Free-living ma
nd sampled for baseline urine (0 h) with a second urine sample taken at 0.5
8 h. A single blood sample was collected from each toad after the final urin
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between 6 and 8 h. The mean urinary CORT concentration increased with
ed to increase up to 8 h. The mean level of serum T decreased between
een 7 and 8 h. Mean urinary T concentration decreased with a lag-time o

ot change between 4 and 8 h. Mean serum T levels reached 50% of the origin
serum CORT levels reached 200% of the original 0 h value within 0.5 h. Mea
of the original 0 h value within 3 h while mean urinary CORT levels reache

lue within 3 h. The inter-individual variation in baseline serum and urinar
ly comparable, suggesting that baseline urine sample provides a reliable ind

atus of the animal. Overall, the results have demonstrated that urine samplin
ling protocol provide reliable measures of baseline corticosterone and testo
m stress hormone responses in amphibians.

� 2013 Elsevier Inc. All rights reserve

ans diverge from using traditional methods such as blood samplin
and uses techniques associated with monitoring stress particularl
with feces, urine or saliva (see latest review based on amphibia
conservation physiology (Narayan et al., 2013). The traditiona
means of serial blood collection is considered invasive, as it coul
generate a physiological stress hormone response during samplin
and blood sampling procedures such as toe-clipping and cardia
puncture can lead to tissue damage (Deviche et al., 2001). The mos
commonly used minimally invasive means of monitoring stress i
74amphibians are with urine. Urine is easily acquired manually using
75a sterile plastic cup, micro-pipette or catheter tubing depending on
76the size of the species (Germano et al., 2009; Kindermann et al.,
772012; Narayan et al., 2010a) and is far easier to obtain than feces,
78especially in free-living populations. There are numerous examples
79of urinary corticosterone and testosterone metabolites being mon-
80itored in accordance with variations in a capture handling stressor,
81exposure to multiple experimental stressors, pathogenic disease,
82altitudinal gradients and temperature treatment (Graham et al.,
83in press; Kindermann et al., 2012; Narayan et al., 2012a, 2013,
842011b). Amphibians are a concern for the worldwide diversity

urinary corticosterone and testosterone during short-term capture and han-
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cline, with approximately a third of all amphibian species expe-
ncing major declines, facing extinction or have perhaps already
ne extinct (Stuart et al., 2004). Non-invasive endocrinology has
en used for both model and threatened species, in simulated lab-
atory scenarios and in situ (Kindermann et al., 2012, 2013; Nara-
n et al., 2010a).
Currently, there is no experimental demonstration of the rela-
nship between urinary based hormone monitoring and the tra-

tional blood analysis. Previous studies have examined the
lationship between plasma hormones and excretory hormone
etabolites in other animals, such as birds. For example, (Crespi
al., 2013) measured the relationship between plasma corticoste-
ne and fecal corticosterone metabolites in the chicken after an
renocorticotropic hormone (ACTH) and dexamethasone injec-
n to stimulate and suppress adrenal activity respectively.
sults showed that the concentrations of fecal metabolites (to
th tests) corresponded to the changes of biologically active hor-
one in plasma, but with fecal peaks obtained with a delay of 4 h
mpared to plasma. Furthermore, (Kindermann et al., 2013)
owed that fecal corticosterone reflects serum corticosterone in
rida Sandhill Cranes (Grus canadensis) in response to both con-
ement and ACTH stimulation.
In this study, we compare the urine and serum concentrations

corticosterone and testosterone in adult male cane toads (Rhinel-
marina) during exposure to a standard capture and handling pro-
col. Model species, such as the cane toad, are useful to validate
e method of urinary hormone metabolite monitoring as they
e robust, easy to sample, and are easily accessible. We demon-
ate the pattern of changes in serum and urinary levels of corti-
sterone and testosterone in the male toads with respect to
posure to the standard capture and handling stress protocol.

Methods

. Animals and sample collection

Adult male toads were collected from the Parkwood Interna-
nal Golf Course, Queensland. The toads were located at night
m 1800 to 2200 h by a visual encounter with support of a head

rch. Sampling was performed over a 2 week period of hot and dry
ghts in April 2012 when the toads were most likely to be outside
eir breeding period. Toads were sexed using a visual inspection
teria described earlier (Malisch et al., 2008). To obtain baseline
inary corticosterone and testosterone concentrations, we col-
ted urine samples from adult male toads (n = 8) immediately
on capture in the field (this time was termed, t = 0 h). Urine
s collected using the sampling protocol described earlier (Nara-

n et al., 2008). Each toad was gently handled and urine was ob-
ined usually between 30 s and 1 min of initial handling. Each
ad was then sampled using the standard capture and handling
ort-term stressor) protocol. Each toad was manually restrained
le 1
ws the experimental design, including groups and sample sizes of adult male toads used

Group Sample size

1 Control 10
2 8
3 8
4 8
5 8
6 8
7 8
8 8
9. 8

10 8

ease cite this article in press as: Narayan, E.J., et al. Changes in serum and urina
ing in the cane toad (Rhinella marina). Gen. Comp. Endocrinol. (2013), http://dx
r 5 min, which further stimulated the HPI-axis and then trans-
red inside resealable plastic bags that were kept in a large hold-

g container. A second urine sample was collected from each toad
actly 0.5 h after initial capture (0 h), and further urine samples
re collected at times 1, 2, 3, 4, 5, 6, 7 and 8 h after capture in

similar manner. Urine samples were transported to the labora-
ry and kept at �20 �C for a month prior to being assayed. A single

od sample was also collected from each toad at the end of the
ally invasive cardiac puncture technique with a sterile 25 gage
podermic needle. Briefly, the toad was held using one hand so
at its ventral side or underbelly abdomen was visible to the han-
er. The underbelly abdomen of the toad was wiped using a cotton

ol (dipped in 10% ethanol). The heart was palpated and the nee-
e was inserted into the skin at a 20–30 degree angle below the
rnum, directed towards the toad’s head. Blood was collected
less than 1 min after handing, which was consistent for all toads.
ood (500–1000 ll) from each toad was transferred immediately
to labeled Eppendorf tubes and kept on ice in the field (<12 h).
e blood samples were centrifuged (5000g; 10 min) overnight
the laboratory to obtain serum (300–500 ll serum per blood

mple). Toads were toe-clipped (n = 1 front toe; Narayan et al.,
11a to avoid repeat capture of the same individual after the
ghts sampling and released into their original habitat. During
e following (n = 10) nights, we collected remaining toads to ob-
in urine and blood for time periods as shown in Table 1. All toads
re toe-clipped and were released immediately into their original

bitat after sampling.

. Urinary and serum corticosterone and testosterone enzyme-
munoassays

Urinary corticosterone and testosterone enzyme-immunoas-
ys (EIA) were based to our earlier works (Narayan et al., 2010a,
. Urinary corticosterone concentrations in toad urine were deter-
Davis California) that was diluted 1:45,000, horseradish perox-
ase-conjugated corticosterone label that was diluted 1:120,000
d corticosterone standards (1.56–400 pg well�1). Urinary testos-
rone concentrations in toad urine were determined using a poly-
nal anti-testosterone antiserum (R156/7, UC Davis California)

at was diluted 1:25,000, horseradish peroxidase-conjugated
stosterone label that was diluted 1:40,000 and testosterone
ndards (0.78–200 pg well�1). Cross reactivity of the CJM06
ti-corticosterone antiserum and R156/7 anti-testosterone anti-
rum were reported in earlier works (Narayan et al., 2010a,b).
Toad serum samples were also assayed for corticosterone and

stosterone concentrations using the same EIA protocols as de-
ribed above. Laboratory validations of the urinary and serum

s were achieved by demonstrating; (a) parallelism between
rially diluted pooled toad serum or urine sample and the
in this study.

Treatment

Urine collected at 0, 0.5, 1, 2, 3, 4, 5, 6, 7 and 8 h. Blood collected at 8 h
Urine and blood collected at time = 0 h only.
Urine collected at 0 and 0.5 h. Blood collected at 0.5 h.
Urine collected at 0, 0.5 and 1 h. Blood collected at 1 h.
Urine collected at 0, 0.5, 1 and 2 h. Blood collected at 2 h.
Urine collected at 0, 0.5, 1, 2 and 3 h. Blood collected at 3 h.
Urine collected at 0, 0.5, 1, 2, 3 and 4 h. Blood collected at 4 h.
Urine collected at 0, 0.5, 1, 2, 3, 4 and 5 h. Blood collected at 5 h.
Urine collected at 0, 0.5, 1, 2, 3, 4, 5 and 6 h. Blood collected at 6 h.
Urine collected at 0, 0.5, 1, 2, 3, 4, 5, 6 and 7 h. Blood collected at 7 h.

ry corticosterone and testosterone during short-term capture and han-
.doi.org/10.1016/j.ygcen.2013.06.018
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182 respective standard curves and, (b) by significant recovery of exog-
183 enous steroid standards added to toad urine and serum samples.
184 Dilution rates for toad urine and serum were based on the concen-
185 tration of pooled samples that resulted in 50% binding on the par-
186 allelism curve. Recovery was expressed as a linear regression
187 formula (y = mx + b, where y = amount of hormone observed,
188 x = amount of hormone expected, b = y intercept and m = slope of
189 the line) and the multiple correlation coefficient was squared to
190 produce the coefficient of determination (r2). Assay sensitivity
191 was calculated as the value two standard deviations from the mean
192 response of the blank (zero binding) samples. Laboratory EIA vali-
193 dation results are provided in Table 2. Urine steroid conjugates
194 were standardized to creatinine (Cr) levels to control for water
195 content based on the methods described earlier (Narayan et al.,
196 2008). Urinary testosterone and corticosterone concentrations
197 were reported as pg/lg Cr while serum testosterone and cortico-
198 sterone concentrations were reported as ng/ml.

199 2.3. Statistical analysis

200 Statistical analyses were performed using Prism (Graphpad
201 Software Inc.) and Systat (Ver 13.0). Urinary and serum corticoste-
202 rone and testosterone concentrations were transformed to loga-
203 rithms before analysis to check the homogeneity of variances
204 using Levene’s tests.
205 Serum hormone concentrations were transformed using the
206 formula Y = sqrt(Y) to check for homogeneity of variances and then
207 one-way analysis of variance (One-way ANOVA) was used to com-
208 pare the mean serum corticosterone concentration between times.
209 Post-hoc comparisons between time periods were done using Bon-
210 ferroni’s multiple comparison tests. Serum testosterone concentra-
211 tions were transformed and analyzed in a similar way.
212 g
213 o
214 -
215 r
216 e
217 -
218 g
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220
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228
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231

2320 h value were obtained from the mean baseline concentration.
233The percentage decrease in concentration of urinary testosterone
234from 100% to 50% of the 0 h value was obtained from the mean base-
235line concentration.
236We also calculated the coefficient of variation (CV%) for baseline
237serum and urinary corticosterone and testosterone to show that
238even at baseline, the variation in urine reflected the variation in
239serum (see the result Table 2).

2403. Results

2413.1. Urinary and serum corticosterone

242All toads generated short-term urinary corticosterone stress re-
243sponses to the standard capture and handling protocol and most
244toads showed increasing levels of urinary corticosterone after 1 h
245while some toads showed increasing levels of urinary corticoste-
246rone between 0 and 0.5 h (Fig. 1A). There was a significant effect
247of time on urinary corticosterone concentrations [ANOVA;
248F3,366 = 880.1, p < 0.0001]. The mean urinary corticosterone con-
249centration increased significantly beyond the 0 h (baseline sample)
250with a lag-time of 1 h and continued to increase up to 8 h (Kruskal–
251Wallis Test; p < 0.05 for all comparisons of time periods with 0 h,
252except for comparison between 0 h with 0.5 and 1 h; Fig. 1B).
253There was a significant effect of time on serum corticosterone
254concentrations [One-way ANOVA; F9,63 = 107.0, p < 0.0001]. First
255significant increase in mean serum corticosterone concentration
256c.f. 0 h was observed at 0.5 h and mean serum corticosterone con-
257centrations were significantly different from baseline (0 h) sample
258for all time periods, reaching highest level between 6 and 8 h (Bon-
259ferroni’s Multiple Comparison Test; p < 0.05 for all comparisons;
260Fig. 1B). Comparison between each time period also showed that
261the mean serum corticosterone concentration was not significantly
262different between 4 and 8 h (Bonferroni’s Multiple Comparison
263Test; p > 0.05 for all time comparisons; Fig. 1B).

2643.2. Urinary and serum testosterone
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Urinary corticosterone and testosterone values were lo
(Y = log[Y]) transformed to check for normality using D’Agostin
& Pearson omnibus normality test. Urinary corticosterone and tes
tosterone values were analyzed separately using General Linea
Model (GLM) with time as the factor, and urinary corticosteron
or urinary testosterone as the dependant variable. Post-hoc com
parisons between time periods for each hormone were done usin

Kruskal–Wallis Test.

e
d
e
-

e
h
t-
-
e
e

265The individual concentrations of urinary testosterone decreased
266after 0.5 h for most toads while some toads showed decreasing lev-
267els of urinary testosterone after 1 h during exposure to the capture
268and handling protocol (Fig. 2A). There was a significant effect of
269time on urinary testosterone concentrations [ANOVA; F3,366 =
270221.11, p < 0.0001]. The mean urinary testosterone concentration
271decreased significantly c.f. 0 h with a lag-time of 0.5 h (Kruskal–
272Wallis Test; p < 0.05 for all comparisons of time periods with 0 h,
273except for comparison between 0 and 0.5 h; Fig. 2B). Mean urinary
274testosterone levels did not change much between 4 and 8 h
275(Fig. 2A).
276There was a significant effect of time on serum testosterone
Percentage change in serum corticosterone and testosteron
could only be calculated from the mean values at each time perio
(0, 0.5, 1, 2, 3, 4, 5, 6, 7 or 8 h) since each toad was sampled only onc
for blood. The percentage increases in serum corticosterone concen
tration from 100% to 200% and 500% of 0 h value were obtained from
the mean baseline concentration. The percentage decrease in th
concentration of serum testosterone from 100% to 50% of the 0
value was obtained from the mean baseline concentration. Percen
age changes in urinary corticosterone and testosterone were calcu
lated using means as were the serum percentages so that th
urinary and serum percentages could be compared. The percentag

increases in urinary corticosterone from 100% to 200% and 500% of 277concentrations [One-way ANOVA; F9,63 = 37.01, p < 0.0001]. First

d testosterone enzyme-immunoassays.

Urinary corticosterone Serum testosterone Urinary testosterone

1:2 1:3 1:4
y = 0.9258x + 0.2232,
r2 = 0.9975 (n = 6)

y = 0.6786x + 0.8439,
r2 = 1 (n = 6)

y = 0.7745x + 0.8345,
r2 = 1 (n = 6)

3.1% 2.4% 2.6 %
2.2% 2.2% 2.4 %
7.7% 6.4% 7.2 %
5.2% 3.2% 3.5 %
1.22 ± 0.45 (n = 32) 0.49 ± 0.14 (n = 7) 0.51 ± 0.11 (n = 22)
26.19% 21.35% 15.92%
Table 2
Shows the quality control parameters for the serum and urinary corticosterone an

Quality control parameters Serum corticosterone

Dilution factor 1:4
Recovery equation y = 0.6835x + 0.8455,

r2 = 1 (n = 6)
Intra-assay CV (70% binding control) 3.2%
Intra-assay CV (30% binding control) 2.1%
Inter-assay CV (70% binding control) 7.1%
Inter-assay CV (30% binding control) 4.2%
Assay sensitivity (pg well�1) 1.25 ± 0.42 (n = 7)
Inter-individual variation (Mean CV %) for baseline

samples (n = 6)
28.78%
Please cite this article in press as: Narayan, E.J., et al. Changes in serum and urinary corticosterone and testosterone during short-term capture and han-
dling in the cane toad (Rhinella marina). Gen. Comp. Endocrinol. (2013), http://dx.doi.org/10.1016/j.ygcen.2013.06.018
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nificant decrease in mean serum testosterone concentration c.f.
was observed at 0.5 h and serum concentrations were signifi-

ntly different from baseline sample for all time periods (Bonfer-
ni’s Multiple Comparison Test; p < 0.05 for all comparisons;
. 2B). Mean serum testosterone level increased between 7 and
.

. Percentage change in serum and urinary corticosterone and
tosterone

The time required for percentage increase in mean serum corti-
sterone to 200% and 500% of the mean baseline (0 h) value were
thin 0.5 h and 1 h respectively (Fig. 3A). The time required for
rcentage increase in mean urinary corticosterone to 200% and
0% of the 0 h value were within 3–7 h respectively (Fig. 3A).
e time required for the percentage decrease of mean serum tes-
sterone to 50% of 0 h value was 1 h (Fig. 3B) and within 3 h for
inary testosterone (Fig. 3B).

Discussion

The results show that the urinary corticosterone and testoster-
e enzyme-immunoassays reliably detected the changes in serum
rticosterone and testosterone in the male cane toads. Urinary
stosterone concentrations decreased (50% in 3 h) at a similar rate
mpared to the increase (200% in 3 h) in urinary corticosterone.
shown in Table 1, the mean CV% is comparable between the ser-

and urinary corticosterone and testosterone, which further
pports the utility of urine sampling for non-invasive reproduc-
e and stress endocrine monitoring in amphibians.
Physiological stress hormone responses vary depending on the

pe and exposure to a particular stressor (Narayan et al., 2012b,

. 1. Individual urinary corticosterone responses (A) of n = 10 male toads (group
during exposure to the standard capture and handling protocol. (B) shows the
an ± S.E.M serum and urinary concentrations of corticosterone. Sample size of
10–82 toads at each time point for urine samples. Sample size of n = 8 toads at
h time point for the serum samples.
ease cite this article in press as: Narayan, E.J., et al. Changes in serum and urina
ing in the cane toad (Rhinella marina). Gen. Comp. Endocrinol. (2013), http://dx
ring exposure to the standard capture and handling protocol. (B) shows the
an ± S.E.M. serum and urinary concentrations of testosterone. Sample size of
10–82 toads at each time point for urine samples. Sample size of n = 8 toads at
h time point for the serum samples.
. 3. Serum (A) and urinary (B) corticosterone and testosterone mean values
wn as percentage change from 0 h (100%) for the adult male cane toads. The

dlines intersect the mean% value (y-axis) with time (x-axis).
ry corticosterone and testosterone during short-term capture and han-
.doi.org/10.1016/j.ygcen.2013.06.018
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2011b). Many studies have examined how animals respond to di
ferent experimental stressors using blood samples and more re
cently with minimally invasive endocrine sampling technique
(see the latest reviews Creel et al. (2013), Crespi et al. (2013), Nara
yan et al., (in press)). The current study has shown that in respons
to the standard capture and handling stressor, there was an in
crease in both the serum and urinary corticosterone and a concom
itant decrease in both serum and urinary testosterone. Capture an
handling have been used widely in studies with amphibian
(Narayan and Hero, 2011,b, 2012c) to mimic the animal’s physio
logical stress hormone response to naturalistic stressors such a
the sight of a predator. Therefore, this method certainly holds mer
it for future investigations based on the physiological stress re
sponses of amphibians to acute and chronic environmenta
stressors, such as thermal variability, deforestation, pathogen
fungus, predation and so forth. Most importantly, the use of min
mally invasive urine sampling and capture handling protocol wi
enable the assessment of both intra- and inter-individual variatio
(Narayan et al., 2011a, 2012b) in the physiological status and phys
iological reaction of species to environmental change. Thus thes
methods will be useful for assessing the physiological status an
making predictions regarding vulnerability of free-living popula

tions hence beneficial for the broad research fields of conservation
biology and wildlife management.

Previous studies have also investigated the effects of experi-
mental stressors on plasma and urinary corticosterone in other
animals. For example, (Brennan et al., 2000) tested the effects of
persistent inescapable stress (tail shocks) on the plasma and uri-
nary corticosterone concentrations in Sprague Dawley rats. Expo-
sure to inescapable stress resulted in elevations in plasma
corticosterone concentrations as well as urinary corticosterone lev-
els. Urinary concentrations of corticosterone remained elevated for
3 days after terminating the stress protocol. The elevations of cor-
ticosterone in rat plasma were only apparent in the morning while
the levels in the night were not different between the stressed and
non-stressed rats. Thus serial urine sampling provides a minimally
invasive way for studying the adrenocortical activity of the study
animal over the entire day; however blood samples at certain
times of the day could miss important effects of acute stressors.
While mean serum levels of corticosterone appeared to be reaching
an asymptote within 8 h, the mean urinary corticosterone concen-
tration seemed to continue to increase. This corresponds to the rate
of clearance of the hormone metabolites (Abelson et al., 2009).
Blood plasma represents the total corticosterone/testosterone,
which includes both free corticosterone/testosterone and binding
globulin (Ludders et al., 2001). There is competition between cor-
ticosterone and testosterone for the same binding globulins (Devi-
che et al., 2001; Ward et al., 2007). Thus, assuming no change in
binding globulin concentration, a decrease in total plasma testos-
terone is expected to result in some testosterone dissociating from
the binding globulin, in turn freeing the binding sites to which cor-
ticosterone can bind. If the total plasma corticosterone concentra-
tion does not change, the process should result in more
corticosterone bound to the binding globulins, i.e., less free (‘‘bio-
available’’) corticosterone that is available for diffusion into cells.

Our study has provided new evidence that there is a lag-time
associated with detectable changes in both corticosterone and tes-
tosterone in urine in comparison with serum in cane toads. In their
study, (Abelson et al., 2009) used Sprague Dawley rats to show that
radioactivity in serum samples was highest at 90 min and a rapid
decline thereafter. Free corticosterone is removed from the plasma
and metabolized via the kidneys (in urine for 6 h) and finally in
feces after at least 12 h via the bile and liver. Thus there is most
likely an endpoint point for plasma corticosterone while urinary
levels continue to increase. The endpoint point for plasma cortico-
sterone could be related to perhaps increasing metabolism or

Please cite this article in press as: Narayan, E.J., et al. Changes in serum and
dling in the cane toad (Rhinella marina). Gen. Comp. Endocrinol. (2013), htt
clearance of the biologically active (free) corticosterone in orde
to avoid high concentrations of corticosterone in the blood, whic
can have serious implications. In earlier studies, the lag-times o
urinary corticosterone and testosterone have been demonstrate
for amphibians using ACTH and human-chorionic gonadotropi
(hCG) hormone challenge respectively (Narayan et al., 2010a,b).
lag-time for the detection of both corticosterone and testosteron
for urinary metabolites in comparison with serum is very impor
tant because (a) it provides baseline information or snapshot int
the physiological status of the study species, and (b) it provides
crucial time-frame for field capture and transfer into the laborator
prior to experimental manipulations.

In conclusion, our study has demonstrated the reliability an
usefulness of minimally invasive urine sampling and standar
capture handling protocol for assessing the physiological statu
short-term stress hormone response and changes in reproductiv
hormones in amphibians. Apart from being minimally invasiv
urinary methods provide a more integrated measure of the statu
of the animal’s adrenocortical and reproductive hormone axi
Overall, these methods are recommended over traditional bloo
sampling for assessing the reproductive and stress endocrinolog
of amphibians.
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