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Abstract We verified the relevance of measuring fecal

glucocorticoid metabolites (FGM) to assess the stress

response of the Syrian hamster. Male and female hamsters

(n = 10 each) were submitted to an adrenocorticotropic

hormone (ACTH) challenge test, whereas animals in the

control group received 0.5 mL of sterile isotonic saline

solution. All feces voided by each animal were collected at

4 h intervals from 24 h before (baseline) until 48 h after

injections. FGM were quantified using an 11-oxoetiocho-

lanolone enzyme immunoassay (EIA). Basal concentra-

tions of FGM were almost four times higher in males than

in females. Following ACTH administration, FGM levels

started rising from 8 h onwards, reaching peak concentra-

tions 20 or 28 h post injection in males and females,

respectively. Despite the much higher absolute concentra-

tions present in males, the relative increase (500%) in

response to the ACTH stimulation was similar in both

sexes. Sex differences in FGM levels are in accordance

with results reported by others regarding the hamster

adrenal physiology. The comparison of the adrenocortical

response of males and females to an ACTH challenge

provided new information about the amplitude and the

timing of such a response and the excretion of glucocor-

ticoids in both sexes. We demonstrated for the first time in

the Syrian hamster that adrenocortical activity can be

monitored in fecal samples in a noninvasive way. Our

study provides a humane, practical, and noninvasive

alternative to blood removal and therefore a powerful tool

for stress-related studies in a species frequently used as an

animal model in medical research.
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Introduction

Since the capture of the first litter in 1930, Syrian hamsters

(Mesocricetus auratus) have become one of the species

mostly used in biological and medical research due to some

unique features these animals present. For instance, ham-

sters can reproduce very fast and actually present the

shortest gestation period (16 days) among all eutherian

mammals. Additionally, hamsters are extensively used in

cardio-vascular research (Bajusz 1969; Missihoun et al.

2009) because their circulatory system shares some simi-

larities with the human system. Moreover, these solitary-

living and strictly territorial animals (Gattermann et al.

2001) have been widely used as models for behavioral and

stress-related studies (e.g. Cain et al. 2004; Cordner et al.

2004; Gebhardt-Henrich et al. 2007; Taravosh-Lahn and

Delville 2004; Touma and Palme 2005; Wommack et al.

2004; Zhang et al. 2008) for which measuring the activity

of the hypothalamic–pituitary–adrenal axis is a basic tool

(Möstl and Palme 2002). Classically, such studies have
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relied on blood sampling and the measurement of serum

cortisol or corticosterone, depending upon which gluco-

corticoid is predominantly secreted in each species (Palme

et al. 2005). Whereas in the rabbit and most rodents,

including the rat and the mouse, corticosterone is well-

recognized as the major glucocorticoid, a controversy

exists about this point in the hamster. Lehoux et al. (1992)

and Cloutier et al. (1997), for instance, reported that

hamsters, as human beings, synthesize more cortisol. In

contrast, Ottenweller et al. (1985) measured three or four

times higher basal concentrations of corticosterone than

cortisol. Therefore, these authors suggested that both glu-

cocorticoids should be measured when assessing adreno-

cortical function in the hamster. Methods for blood

removal from laboratory mammals and birds have been

reviewed by the BVA/FRAME/RSPCA/UFAW Joint

Working Group on Refinement (1993). The Group was

unable to recommend a preferred route for venepuncture in

the gerbil and hamster. Actually, blood collection in

hamsters is generally performed by cardiac puncture under

general anesthesia or decapitation. Noninvasive methods of

quantifying fecal glucocorticoid metabolites (FGM) are

now broadly used with free-ranging and intractable animals

(Bosson et al. 2009; Charbonnel et al. 2008; Franceschini

et al. 2007; Huber et al. 2003; Monclús et al. 2009; Rehnus

et al. 2010; Soto-Gamboa et al. 2009; Strauss et al. 2007;

Thiel et al. 2008; Wang et al. 2009) as well as with labo-

ratory animals (Bauer et al. 2008; Lepschy et al. 2007;

Nováková et al. 2008; Touma et al. 2003) to investigate

hormone–behavior relationships, as well as questions in the

fields of animal welfare, ecology, conservation biology,

and biomedicine (Touma and Palme 2005). These tech-

niques avoid effects associated with blood sampling, which

can seriously confound the experimental results. They

enable frequent sampling of the same animal (and thus

longitudinal studies), using individuals as their own con-

trols. Moreover, no animal material is easier to collect than

feces, and sampling can be done without disturbing the

animals. All these advantages justify the increasing success

of the analysis of fecal steroids. However, because the

metabolism and the excretion of steroids differ signifi-

cantly between species, and sometimes even between sexes

(Palme et al. 1996, 2005; Touma et al. 2003), these

methods must be rigorously validated for each species and

sex before application, to demonstrate that the assay

technique is able to detect changes in the levels of fecal

steroid metabolites related to respective changes of steroid

concentrations in the blood (Palme 2005). Despite the large

number of studies dealing with FGM measurement in a

wide range of animal species, validation experiments have

been performed in only a few species (Touma and Palme

2005) and never, to our knowledge, in the Syrian hamster.

Therefore, the objective of this work was (1) to detect

whether diurnal changes in endogenous glucocorticoid

levels are reflected in FGM concentrations, (2) to examine

the effect of an adrenocorticotropic hormone (ACTH)

challenge test on fecal glucocorticoid metabolite concen-

trations, and (3) to compare such effects in male and

female Syrian hamsters.

Materials and methods

Animals and housing conditions

A total of 41 heterogenic, adult (10–15 weeks of age),

sexually mature Syrian hamsters (20 males and 21 females)

were obtained from the Laboratory Animal Facility of the

Departamento de Patologia, Faculdade de Medicina Ve-

terinária e Zootecnia, Universidade de São Paulo, Brazil,

whose Ethics Committee approved the experimental design.

The animals were individually housed in standard propyl-

ene cages in the same animal facility under conventional

conditions (12:12-h light:dark, lights on at 03:00 h; room

temperature: 22 ± 2�C; 20 changes of air per hour; air

pouch filters) according to guidelines from the Institute of

Laboratory Animal Research (ILAR) (1996). Specific pel-

leted food (Nuvilab CR1, Nuvital, Curitiba, Brazil) and

filtered bottled tap water were supplied ad libitum. In order

to facilitate feces collection, absorbent paper pads were

substituted for the traditional wood-shaving bedding.

ACTH challenge test

The ACTH injection was used in ten males and ten females

randomly chosen (ACTH groups) to stimulate adrenocor-

tical activity (i.e., to increase circulating glucocorticoid

levels). On the second day (13:00 h) of the experiment,

these hamsters were injected (i.m.) with 100 lg of syn-

thetic ACTH (Synacthène Retard, 1 mg/mL, Novartis

Pharma SAS, Rueil-Malmaison, France) dissolved in

0.5 ml sterile isotonic solution. To investigate the poten-

tially stressful effects of the injection procedure itself on

the pattern of excreted FGM, another 11 females and 10

males (Control groups) received an injection of 0.5 mL

sterile isotonic saline solution.

Feces collection

All feces voided by each animal were collected at 4-h

intervals from 24 h before until 48 h after the injections. In

this way, we were able to determine baseline concentra-

tions and the normal circadian pattern of FGM in each

group and each group was used as its own control. All

samples (n = 711) were weighed, immediately identified,

and stored in a freezer at -20�C.
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Steroid extraction and quantification

Fecal steroids were extracted using the methanol-based

procedure described by Palme (2005). Because hamster

feces are very dry, lyophilization was not necessary. After

the homogenization of each fecal sample, we shook an

aliquot of 0.5 g or the whole sample for 20 min on a

multivortex with 5 mL of 80% methanol for samples

heavier than 0.25 g, 2.5 mL for samples whose weight was

between 0.1 and 2.5 g and 1 mL for samples lighter than

0.1 g. The suspension was then centrifuged at 5009g for

10 min. The supernatant was stored at -20�C until

assayed. Fecal glucocorticoid metabolites were quantified

in an aliquot of the extract (50 ll diluted 1:10) using a

group-specific 11-oxoetiocholanolone enzyme immuno-

assay (EIA measuring glucocorticoid metabolites with a

5b-3a-ol-11-one structure) first described by Möstl et al.

(2002) and successfully validated for the common hamster

(Cricetus cricetus; Franceschini et al. 2007). Intra- and

inter-assay coefficients of variation were 8.6 and 9.7,

respectively. All samples were assayed in duplicate. Con-

centrations of glucocorticoid metabolites were expressed as

nanograms per gram fecal dry matter.

Statistics

Data were analyzed using the software SPSS 13.0 for

Windows. As they did not fulfill the assumptions of nor-

mality and homogeneity of variance FGM data were log

transformed after replacing missing values (n = 68; no

feces produced in the respective interval) by linear inter-

polation. Repeated measure General Linear Model

(rmGLM) was used to detect sex, treatment (ACTH or

saline), and time effects on these concentrations. We per-

formed Wilcoxon signed ranks tests (Bonferroni corrected)

as a post hoc test to compare concentrations measured

in different intervals within a sex. Means are given with

standard deviations and significance levels for all tests

were set at p \ 0.05 unless otherwise noted.

Results

Baseline levels

The rmGLM analysis of FGM concentrations measured on

the day preceding injections showed a strong effect of sex

(F = 288.5, p \ 0.005) but no effect of treatment

(F = 0.193, p = 0.663) as between subject factors. In fact,

male baseline concentrations (320 ± 16 ng/g feces) were

almost four times higher than female ones (89 ± 50 ng/g

feces; Fig. 1). However, despite individual differences

in FGM concentrations (range: 30–283 ng/g feces for

females; 135–605 ng/g feces for males), the homogeneity

of the groups was confirmed by similar baseline concen-

trations among females and males (Females: ACTH

88.6 ± 43.8 ng/g feces; Control: 88.6 ± 49.3 ng/g feces;

Males: ACTH: 306 ± 69 ng/g feces; Control: 335 ±

65 ng/g feces). A clear effect of the interaction between

sex and time (Wilks’ Lambda F = 11.004, p \ 0.0005)

indicated that concentrations varied in a different way in

females and males. As no effect of time of day as a within

subject factor was detected (Wilks’ Lambda F = 1.207,

p = 0.328), no circadian rhythm of FGM excretion was

documented by our assay.

ACTH challenge test

FGM values (of the 4 h intervals) from the moment of

injections onwards were submitted to rmGLM with time as

a within subject factor. FGM concentrations changed

significantly in males and females in response to the

ACTH stimulation, and the time course of FGM excretion

differed between the sexes. There were marked time

(Wilks’ Lambda F = 25.009, p \ 0.0005) and inter-

action effects (time 9 sex: Wilks’ Lambda F = 13.108,

p \ 0.0005; time 9 treatment: Wilks’ Lambda F =

22.009, p \ 0.0005; time 9 sex 9 treatment: Wilks’

Lambda F = 2.968, p = 0.010). There were also strong

effects of both, sex (F = 456, p \ 0.0005) and treatment

(F = 142, p \ 0.0005) as between subject factors. As

found with basal concentrations, absolute values were

much higher in feces of males, but the relative increase was

quite similar for both sexes (509 ± 131%).

Wilcoxon signed ranks test with Bonferroni correction

(significance level p \ 0.016) confirmed that FGM

Fig. 1 Variation of fecal glucocorticoid metabolites (FGM) over

24 h in male (n = 20; white boxes) and female (n = 21; light gray
boxes) Syrian hamsters
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concentrations in males of the ACTH group were signifi-

cantly higher than the ones measured at the same time on

the day prior to injection from 8 h after injection (Z =

-2.66) onwards, and reached its highest value (median:

1,408 ng/g feces) 20 h after administration (Fig. 2). It was

also from 8 h after the injection in females that the ACTH

group showed significantly higher concentrations com-

pared with the corresponding baseline values (Z =

-2.803), but the highest concentrations (median: 346 ng/g

of feces) were detected only after 28 h (Fig. 3). In contrast,

FGM were still higher in ACTH males at the end of the

sampling period (48 h after injection) than baseline values

(Z = -2.547). In the female group, FGM had already

returned to baseline levels 44 h after injections (Z =

-1.826, p = 0.068).

Following the saline injection no significant (Wilcoxon

signed ranks test, Bonferroni corrected p [ 0.016 for all

comparisons between concentrations measured at the same

time intervals on the different days) increase in FGM was

found in males. In females only FGM values 32 h after the

injection (median: 154 ng/g feces) were significantly higher

(Wilcoxon signed ranks test, Z = -2.934, p = 0.003).

Discussion

Our study describes and successfully validates a non-

invasive method for evaluating adrenocortical activity in

hamsters by measuring fecal glucocorticoid metabolites

(FGM) for the first time. It demonstrates that in hamsters

adrenocortical activity is well reflected in concentrations of

FGM, measured with an 11-oxoetiocholanolone EIA. This

indispensable validation (Touma and Palme 2005), the lack

of which some authors already deplored (Gebhardt-Henrich

et al. 2007), provides the basis for a reliable and powerful

non-invasive tool for further investigations involving

monitoring of hamsters’ glucocorticoids. Beyond this, there

are other important findings in our study. One of them,

which has already been reported for cortisol concentrations

in hamster blood samples (Gebhardt-Henrich et al. 2007;

Lucas et al. 1999) is the presence of large inter-individual

differences regarding baseline FGM concentrations. For

example, levels between females varied almost tenfold

during the day prior to the injection. This confirms one

more time the importance of longitudinal studies, in which

each animal or group is its own control, which is almost

impossible in small rodents, if blood is sampled.

In most laboratory rodents, females have larger adrenal

glands and greater steroid production than males (Huhman

et al. 2003; Nikicicz et al. 1984). This dimorphism is

reversed in Syrian hamsters and the adrenal glands of male

hamsters are larger and secrete more cortisol than those of

the females (Huhman et al. 2003; Nikicicz et al. 1984). Our

data show that, as expected, this sex difference is reflected

in FGM concentrations: Males exhibited four times higher

baseline and peak concentrations than females. Glucocor-

ticoid excretion was shown to differ significantly between

sexes in a related species, the Common hamster (C. cri-

cetus; Franceschini et al. 2007). However, when these

authors compared FGM concentration before, during and

Fig. 2 Boxplots of fecal glucocorticoid metabolites (FGM; ng/g) of

male Syrian hamsters after an i.m. injection of adrenocorticotropic

hormone (ACTH; dark gray boxes) or saline solution (Control; white
boxes). Respective median baseline values of the ACTH (filled circle
with broken lines) and control group (open circle with dotted lines) at

the same time of the day are also shown. Asterisks beside the box
indicate significant differences compared with the baseline levels of

the same group

Fig. 3 Boxplots of fecal glucocorticoid metabolites (FGM; ng/g) of

female Syrian hamsters after an injection of adrenocorticotropic

hormone (ACTH; dark gray boxes) or saline solution (Control; light
gray boxes). Respective median baseline values of the ACTH (filled
circle with broken lines) and control group (open circle with dotted
lines) at the same time of the day are also shown. Asterisks beside the

box indicate significant differences compared with the baseline levels

of the same group
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after the reproductive period, they only found significant

differences during the reproductive phase, when male FGM

levels increased significantly, whereas FGM concentrations

in females remained relatively constant throughout the

active season. Therefore, they associated higher male lev-

els to competition for females and general high mating

effort. Our study was performed in laboratory conditions

with constant temperature (22 ± 2�C) and photoperiod

(12:12-h light:dark), conditions considered as photostimu-

latory (Ottenweller et al. 1985) all year around. In fact, our

hamsters reproduce all year around and may present high

glucocorticoid levels related to reproduction at every time.

In the feces we were unable to detect the significant

circadian rhythmicity of corticoid secretion reported in

male hamsters (Albers et al. 1985; Ottenweller et al. 1987;

we did not find any description of the female circadian

rhythm in the literature). However, Ottenweller et al.

(1987) reported that, whereas plasma corticosterone and

cortisol rhythms are present on long days (14:10-h light–

dark cycle), only cortisol has a significant rhythm on short

days (10:14-h light–dark cycle). Even its amplitude was

suppressed compared with the cortisol rhythm on long

days. Our animals were housed under an intermediate

12:12-h light–dark photoperiod which may have blunted

the amplitude of the diurnal glucocorticoid rhythm. In

addition, because fecal hormone metabolite levels reflect

the cumulative secretion and excretion of hormones over

several hours, unlike blood samples, fecal samples are less

affected by the pulsatility of hormone secretion, and fluc-

tuations in the blood plasma are smoothed in the feces

(Palme 2005). Similar, a rhythm in FGM levels was absent

in guinea-pigs (Bauer et al. 2008), but in contrast, well

expressed in rats and mice (Lepschy et al. 2007; Touma

et al. 2004).

Numerous researchers investigated the adrenal response

of the Syrian hamster to a wide range of stressors and to an

ACTH challenge test, and various concentrations of corti-

sol and corticosterone in this species have been published

(e.g. Gebhardt-Henrich et al. 2007; Lehoux et al. 1992;

Lucas et al. 1999; Ottenweller et al. 1985). However, as

with most rodent models, male hamsters are usually pre-

ferred for non-reproductive research purposes, because

they are less aggressive than females and there is less

hormonal interference due to cyclic fluctuations of hor-

mone levels. Therefore, most studies including glucocor-

ticoid measurement are performed with male hamsters, and

we could not find any record of females’ endocrine reaction

to an ACTH challenge. Identical treatment applied to both

male and female hamsters in our study allows for the first

time a reliable assessment of sex differences in adrenal

responsiveness and glucocorticoid excretion in the Syrian

hamster. A first difference occurred in control animals:

whereas the injection procedure caused a transient but

significant peak (153% above level at the same time of the

precedent day) in females 32 h after the injection, no sig-

nificant response could be measured in the male group.

Again, it is possible that the signal of a short rise in cir-

culating glucocorticoid had been dampened in feces of

males. It seems, however, that the whole process of cap-

ture, immobilization, and injection represented only a short

mild stress in laboratory animals used to routine handling.

This was underlined by results in mice and rats, or guinea

pigs (Touma et al. 2004; Lepschy et al. 2007; Bauer et al.

2008), where the injection procedure itself did not cause a

significant increase in FGM. In contrast, an ACTH

administration induced long-lasting increases in our ham-

sters, and peak values were in both sexes about 500%

above the baseline. These increases in FGM were lower

than those measured for plasma cortisol concentrations by

Lehoux et al. (1992) after injecting ACTH in male ham-

sters (approximately 700% above basal level 5 h after the

injection) or the tenfold increase observed by Gebhardt-

Henrich et al. (2007). However, the latter injected 12 male

hamsters and decapitated them one by one in ascending

time intervals for glucocorticoid measurement, so the real

significance of the resulting data may be problematic.

Again in males, Ottenweller et al. (1985) measured both

cortisol and corticosterone blood concentrations following

ACTH administration. They reported a significant increase

(about 350% above basal levels) in total glucocorticoid

concentrations. Interestingly, these authors observed that,

although corticosterone and cortisol concentrations

increased significantly, the rise in cortisol was greater.

Altogether, the comparison of our results with Ottenwel-

ler’s data suggests that the fivefold increase in FGM con-

centrations we detected following ACTH stimulation

reflects total variation in plasma glucocorticoids and that

our EIA actually detected both cortisol and corticosterone

metabolites both the feces. of both males and females This

is also in accordance with the characteristics of the anti-

body used in the 11-oxoetiocholanolone EIA. It measures

glucocorticoid metabolites with a 5b-3a-ol-11-one struc-

ture (Möstl et al. 2002), which can be derived from both,

cortisol or corticosterone. This is an additional advantage

of our analytic technique for assessing adrenocortical

function in this species, since the measurement of both

glucocorticoids is recommended (Ottenweller et al. 1987).

The route of steroid excretion varies among species, as

well as among steroids within the same species (Palme

et al. 1996, 2005). We did not find a study about gluco-

corticoid metabolism and excretion in the Syrian hamster,

but Chelini et al. (2005) suggested delay times between 5

and 25 h for the excretion of gonadal steroids. In the

present study, the time lag between ACTH injections and

the appearance of peak FGM levels was 20 h (males) or

28 h (females). These delay times are longer than those
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found in mice and rats (4–12 h; Touma et al. 2003;

Lepschy et al. 2007), but comparable to those reported in

chinchillas (30 h; Ponzio et al. 2004). In the guinea-pig,

Bauer et al. (2008) observed FGM concentrations reaching

peak values between 14 and 20 h after ACTH adminis-

tration, but, in contrast with these authors, we observed a

clear difference between sexes in this timing, which has

never been reported in any other species so far. In males

the increase in FGM concentrations peaked (20 h vs. 28 h)

earlier, but lasted longer (until the end of the experiment)

than in females. If these time differences reflect different

adrenal responses to ACTH or differences in glucocorticoid

metabolism and excretion or more likely both, we are not

able to decide, because more accurate investigations such

as a radiometabolism study with a characterization of the

excreted glucocorticoid metabolites in both sexes of this

species are still lacking.

In conclusion, our results show for the first time in the

Syrian hamster that adrenocortical activity can be moni-

tored in fecal samples in a non-invasive way. Actually, the

satisfactory results generated by our EIA, measuring FGM

with a 5b-3a-ol-11-one structure demonstrated clearly that

changes in glucocorticoid concentrations in the blood are

well reflected in changes in FGM in both sexes. The dif-

ference we observed between male and female FGM levels

are in accordance with the sex difference reported by others

regarding the hamster adrenal physiology. Therefore, our

study provides a humane, practical, and noninvasive

alternative to blood removal, and therefore a powerful tool

for stress-related studies in a species where venepuncture

has traditionally been regarded as problematic. This is

especially important, as hamsters are used as an animal

model for medical research.
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Möstl E, Palme R (2002) Hormones as indicators of stress. Dom

Anim Endocrinol 23:67–74
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