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Abstract 
The aim of this study was to monitor the progesterone and fecal estrone metabolites throughout 
gestation in ewes correlating with the serum levels of these steroid hormones. Therefore, fecal and 
serum samples were collected from 5 weeks before mating and gestation until two weeks 
postparturition. Serum levels of progesterone and estrone and their fecal metabolites were measured 
by enzyme immunoassay. Serum and fecal hormonal patterns showed a significant correlation for 
both hormones (R = 0.8572, P < 0.001 for progesterone and R = 0.5893, P < 0.001 for estrone). The 
fecal progesterone metabolite levels showed significant increasing values among the three thirds of 
pregnancies, consistent with the serum levels and with the literature. Additionally, the prepartum peak 
of estrone in the fecal matrix was identified but without observation in the serum matrix due to the 
blood collection interval used. Therefore, this study demonstrated the viability of progesterone and 
estrone monitoring throughout gestation using fecal samples, making noninvasive longitudinal 
endocrine monitoring throughout gestation possible in this species. 
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Resumo 
O objetivo deste estudo foi monitorar os níveis de metabólitos fecais de progesterona e estrona ao 
longo da gestação em ovelhas, correlacionando-os com os níveis séricos desses hormônios esteroides. 
Assim, amostras de fezes e sangue foram colhidas de cinco ovelhas no período pré-cobertura e 
durante a gestação, até duas semanas após o parto. Os níveis séricos de progesterona e estrona e de 
seus metabólitos fecais foram mensurados por enzimaimunoensaio. Os perfis hormonais séricos e 
fecais apresentaram correlação positiva significativa para os dois hormônios (R = 0,8572, P < 0,001 
para progesterona e R = 0,5893, P < 0,001 para estrona). Os níveis de metabólitos fecais de 
progesterona apresentaram valores significativamente crescente entre os terços da gestação, 
corroborando com os níveis séricos e com os relatos da literatura. Adicionalmente, foi possível 
evidenciar o pico pré-parto de estrona na matriz fecal, porém sem registro na matriz sérica, 
provavelmente devido ao intervalo de coletas aplicado. Deste modo, este estudo demonstrou a 
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viabilidade do monitoramento dos níveis de progesterona e estrona durante a gestação em ovinos 
utilizando amostras fecais, possibilitando monitoramento endócrino longitudinal não invasivo 
durante a gestação nessa espécie. 
Palavras-chave: Fezes; Ovinos; Reprodução; Esteroides; Prenhez  
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Introduction 
 
 
Sheep farming is one of the main livestock, being increasingly developed in all regions of Brazil(1). 
Thus, the need to improve management protocols and the use of reproductive biotechnologies is 
extremely important to increase production quantity and quality(2). Hormonal monitoring is a useful 
tool to support the development of reproductive biotechnologies, enabling the monitoring of 
endocrine responses to hormonal protocols and applied biotechnologies. 

Sheep are also widely used in research as an experimental model for reproductive studies of wild 
ruminant artiodactyls and for human neonatology studies(3-9). Thus, hormonal monitoring becomes 
essential for understanding reproductive physiology and monitoring gestational development. 

Progesterone is the hormone responsible for the maintenance of pregnancy. In ewes, progesterone is 
initially produced only by the corpus luteum, but after approximately 55 days of gestation, the 
placenta produces significant amounts of progesterone that are able to maintain pregnancy, regardless 
of the presence of a functional corpus luteum(10). Serum estrone levels are elevated at approximately 
two days before delivery and are related to the triggering of the mechanisms of delivery(10). 

However, the technological progress of sheep production must respect the growing concern for 
animal welfare, understanding its advantages toward the final product(11). Additionally, the use of 
noninvasive methods for hormonal monitoring during animal experimentation, rather than blood 
collection decreases the manipulation of individuals and reduces the deleterious effects of stress. 

Considering the metabolism and excretion pathways of reproductive steroid metabolites(12), some 
researchers have evaluated the use of fecal samples for hormone monitoring in sheep. Fecal 
metabolites of progesterone were evaluated during the estrous cycle and pregnancy in domestic (Ovis 
aries)(13, 14) and wild (Ovis canadensis)(5) ewes, observing a high correlation between fecal 
metabolites and serum progesterone levels. Additionally, Schoenecker et al.(6) also evaluated 
progesterone and estrone fecal metabolite levels in pregnant ewes, but the hormone levels were not 
correlated with the serum levels. 

According to Palme(15), when using alternative biological matrices, such as feces, it is essential to 
perform physiological validation, demonstrating that the technique used is able to detect changes in 
the levels of fecal steroid metabolites related to the respective changes in the serum concentrations of 
these steroids. 

Thus, the aim of this study was to monitor progesterone and estrone fecal metabolite levels throughout 
gestation in ewes, correlating these factors with the serum levels of these steroid hormones. 
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Material e Methods 
 
 
We used five healthy and cyclic ewes, all housed in the livestock sector of the Federal Institute of 
Education, Science and Technology of the Amazonas (IFAM), campus Manaus Zona Leste – CMZL, 
Manaus - AM, Brazil (3.081899S; 59.936908W). Blood and fecal samples were collected between 
April and October. Extensive daily management was adopted, and the animals were maintained on a 
pasture during the day and housed at night, with ad libitum water supply and mineral salt. 

Initially, the females were monitored for three weeks. During this premating phase, fecal samples 
from each female were collected twice a week shortly after defecation or taken from the rectal 
ampoule, and blood samples were collected by venipuncture of the jugular vein once a week. Then, 
the females were maintained full time with a ram and monitored daily to record the mating, adopting 
a natural breeding system. The pregnancies were confirmed by ultrasound at 25 days after coverage, 
and the deliveries were assisted. 

After pregnancy confirmation, fecal samples were continuously collected twice a week for up to two 
weeks after delivery. Blood samples were collected every 15 days during the gestation and postpartum 
phases. The blood samples were centrifuged for serum separation and stored together with the fecal 
samples at -20°C until analysis. For adverse reasons, the blood and feces samples of from an ewe 
were collected only until the 95-day of pregnancy. 

All experimental procedures were approved by the IFAM Animal Ethics in Research Committee 
(Protocol: CEUA.008.02.1928.2206/2017). Fecal samples were lyophilized and subsequently 
submitted to hormone extraction using 80% methanol, following the protocol described by Palme(15). 
Briefly, 0.2 g of dried feces was weighed and transferred to a glass tube containing 5 mL of 80% 
methanol. The tube was shaken for 16 h and then centrifuged. The supernatant (fecal extract) was 
transferred to a plastic tube and kept at -20°C. An aliquot of the fecal extract was evaporated and then 
resuspended in buffer (0.04 M NaH2PO4.H2O; 0.06 M Na2HPO4; 0.15 M NaCl; 1.0% BSA; pH 7.0) 
in the same volume. 

For hormone extraction from serum samples, the protocol using diethyl ether as described by 
Rasmussen et al.(16) was used, followed by resuspension in buffer solution. Samples extracted from 
serum and feces were analyzed by enzyme immunoassay using a protocol described for several other 
species(17-19). Antibodies CL425 (1: 5,000) for progesterone and R522-2 (1: 20,000) for total estrone, 
with their respective peroxidase-conjugated hormones (1: 160,000; 1: 350,000), all provided by the 
University of Davis – UC Davis, USA, were used. 

Microtiter plates (MaxiSorp, Nunc, Rochester, USA) were coated (50 μL/well) with antibody diluted 
in labeling solution (0.015 M Na2CO3.H2O, 0.035 M NaHCO3; pH 9.6), sealed with acetate adhesive 
and incubated at 4°C for 16 h. After incubation, the plates were washed three times (0.15 M NaCl, 
0.05% Tween-20). Then, 25 μL of buffer solution was added to each well, and 50 μL of each sample, 
standard or control was added. Then, 50 μL of enzyme-conjugated hormone solution diluted in buffer 
solution was immediately added. The plates were sealed and incubated for 2 h at room temperature. 

After incubation, the plates were washed and then 100 μL/well of substrate solution (250 µL of 0.016 
M tetramethylbenzidine in dimethylsufoxide; 50 µL of 0.1752 M H2O2; 11 mL of substrate buffer 
[0.01 M C2H3Na; pH 5.0]) was added. The chromogenic reaction was stopped with 50 μL of acidic 
solution (4.0 M H2SO4). The optical density of each well was measured on a plate reader using a 450 
nm filter. 
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All samples, controls and standards were analyzed in duplicate. The sensitivities of the progesterone 
and estrone assays were 0.07 ng/mL and 0.08 ng/mL, respectively. The intra- and interassay 
coefficients of variation of the high (70% binding) and low (30% binding) controls were <10.35% 
for both assays, and all assays showed parallelism between serial dilutions of the samples and the 
standard curve of the assay. Serum progesterone levels were presented as ng/mL and estrone levels 
were presented as pg/mL, whereas progesterone and estrone fecal metabolite results were corrected 
and presented as ng/g of dry feces. 

For data standardization, only hormonal results from samples between 14 days before mating and 15 
days after delivery were used. Hormone data were aligned considering the day of mating and the 
hormone profile plotted. The correlation between serum hormone levels and their fecal metabolites 
was calculated (Pearson’s correlation). Hormone levels were also separated into three thirds of 
pregnancy and statistically compared (Kruskal-Wallis test and Tukey’s post hoc test; Bioestat 
Program, IDSM). A probability value of P < 0.05 was considered significant. 

 
Results 

 
 
The average duration of gestation was 147.2 ± 6.5 days, ranging from 143 to 157 days, totaling 
approximately 21 weeks. One of the five ewes showed a twin pregnancy. 

Serum and fecal hormone profiles showed a significant positive correlation (R = 0.8572, P < 0.001 
for progesterone and R = 0.5893, P < 0.001 for estrone) (Figure 1). 

 
The female with the twin pregnancy (Figure 2, A-1) did not show discrepant hormone values from 
the other females. For this female, the serum progesterone levels and their fecal metabolites during 
pregnancy ranged from 0.7 to 9.7 ng/mL and 1,489.0 to 11,324.8 ng/g of dry feces, respectively, 
while for the remaining females these levels were 0.2 to 8.6 ng/mL and 1,254.2 to 23,931.8 ng/g of 
dry feces, respectively. For serum estrone and its fecal metabolites, the values for the twin pregnancy 
female were 80.0 to 479.2 pg/mL and 335.5 to 803.3 ng/g of dry feces, respectively, and for the other 
females were 80.0 to 323.8 pg/mL and 206.9 to 2.044.9 ng/g of dry feces, respectively. 

After mating, all females showed an increasing profile of progesterone serum levels during 
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pregnancy, with a subsequent decline to basal levels after parturition (Figure 2). The same profile 
was observed for progesterone fecal metabolite levels (Figure 2). Serum estrone levels showed a 
profile with a slight increase during pregnancy, showing higher values on the week of delivery, 
wherein the hormone peak on the week of delivery was more evident for fecal samples (Figure 2). 

 
Comparing hormone levels among three-thirds of gestation in single pregnancy animals, progesterone 
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levels showed significantly increasing values in both matrices (P < 0.001, Tukey’s test, Figure 3). For 
estrone, fecal metabolite levels of estrone also showed increasing values, with significantly higher 
levels in the final third of pregnancy than the initial and middle thirds (P < 0.010, Tukey test). The 
rise in serum estrone levels during pregnancy, however, was slight, with values for the final third 
being statistically higher than the initial third (P < 0.050, Tukey’s test, Figure 3). 

 

Discussion 
 
 
The mean pregnancy length on the monitored ewe and the observed individual variation corroborate 
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those reported in the literature for the species(20). The blood hormone profile during pregnancy in 
ewes has been previously described(21-23), and the serum progesterone and estrone levels during 
pregnancy obtained in this study corroborated previous reports. The high correlation between serum 
progesterone levels and fecal metabolites during pregnancy was also observed by Cebulj-Kadunc et 
al.(14) in ewes. Additionally, Borjesson et al.(5) also demonstrated a high correlation between serum 
and fecal progesterone levels in wild ewes. In goats, Capezzuto et al.(24) also observed a high 
correlation between progesterone and estradiol serum levels and their fecal metabolites. Thus, the 
results of the present study reinforce the advantage of using fecal rather than serum samples for 
longitudinal progesterone monitoring throughout gestation in ewe, minimizing the stress of handling 
animals. 

However, although Schoenecker et al.(6) previously evaluated fecal metabolite levels of estrone during 
pregnancy in two wild ewes, there is no report of the correlation level between serum estrone levels 
and their fecal metabolites. Thus, the present study demonstrates the existence of a significant 
correlation of estrone between the two biological matrices evaluated during pregnancy. 

According to Palme et al.(12), the main route of progesterone and estrone excretion in sheep is fecal, 
in which approximately 76% of progesterone metabolites and 88% of estrone metabolites are excreted 
in feces. Additionally, according to these authors, the metabolism and excretion of these hormones 
in feces occur in less than 24 h. The rapid metabolism of progesterone and estrone and preferential 
fecal excretion justifies the correlation observed between these hormones and their fecal metabolites. 

Both biological matrices showed a significant increase in the progesterone profile during pregnancy, 
with a subsequent decline to baseline levels, corroborating the literature, as expected. According to 
Noakes et al.(10), ewes with approximately 55 days of gestation (~ 7 weeks) show a gradual increase 
in serum progesterone levels, related to the onset of the production of this hormone by the placenta. 

Considering the endocrine role of the placenta in progesterone production to pregnancy maintenance, 
according to Bassett et al.(25), ewes with twin pregnancies may have up to twice the blood levels of 
progesterone during the final third of pregnancy compared to ewes with single pregnancy. In the 
present study, only one female had twin pregnancies, which did not show discrepant hormone values 
from those of females with a single pregnancy. The metabolism and excretion rate of fecal 
progesterone metabolites may vary among individuals of the same species(12). Therefore, it is possible 
that the lack of marked variations in the levels of fecal metabolites of progesterone between the twin 
pregnant female and the other single pregnant females may be related to variations in the individual 
metabolism rate. Therefore, further study comparing animals from different gestational conditions is 
recommended to better understand fecal progesterone metabolite levels in multiple pregnancies in 
sheep. 

For estrone, according to Tsang(22), Thompson and Wagner(26) and Noakes et al.(10), its serum levels 
in pregnant ewes are greatly increased within two days before calving, being related to the induction 
parturition mechanisms. This information corroborates the statistically higher values of estrone in the 
final third of pregnancy for both matrices observed in this study. Additionally, it was possible to 
observe an increase in fecal metabolite levels of estrone in the week of delivery of the monitored 
animals. 

However, despite the results obtained in the fecal matrix corroborating the estrone profile reported in 
the literature, this result was not clearly observed in serum estrone levels. This discrepancy is related 
to the low frequency of blood collection used in this study during pregnancy (every 15 days), which 
did not alloe the sampling of serum estrone peak levels in all females. Capezzuto et al.(24) also 
observed a better estrogen hormone pattern in fecal samples than in serum samples when evaluating 
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weekly goat samples during pregnancy. Considering the entire process of metabolization and the 
excretion of hormones involved in the present study, as already described by Palme et al.(12), the 
possibility of monitoring specific physiological variations, such as peripartum elevation of estrone 
levels, using fecal samples is demonstrated, thus reducing the intensity in the handling of animals. 

The increasing use of sheep as an experimental model in reproductive studies of wild ruminant 
Artiodactyls and in human neonatology studies(3-9) makes the development of noninvasive hormonal 
monitoring techniques, such as the use of fecal samples, an important support tool for these studies. 
Thus, the results obtained in the present study demonstrate the possibility of endocrine monitoring of 
pregnant ewes submitted to experimental neonatology protocols, minimizing the deleterious effects 
of stress and highlighting this analysis as a tool to be used in wild sheep and tested in wild deer. 

 
Conclusion 

 
 
This study showed that changes in progesterone and estrone fecal metabolite levels during pregnancy 
reflect the expected physiological serum changes of these hormones in ewes, demonstrating the 
feasibility of noninvasive longitudinal monitoring of progesterone and estrone levels using fecal 
samples in this species.  
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