
AN ABSTRACT OF THE THESIS OF 

Charles W. Miller, Jr. for the degree of Master of Science in Animal Sciences. 

Presented on 06 December 2000. Title: Fecal Progestins in the Early Gestation 

Ewe Monitored by Gas Chromatography/Mass Spectrometry. 

Abstract approved: 

Donald W. Holtan 

Previous work in this laboratory revealed that hormone analysis using fecal 

samples may predict the number of fetuses carried by pregnant ewes at mid- to late 

gestation. Reliable lambing number prediction is useful to the producer. Using gas 

chromatography/mass spectrometry the 5a- and 5j3-series ofpregnanes and 

selected 4- and 5-pregnenes were monitored in the feces of36 black and white-face 

cross ewes during early gestation. Feces were collected at d 5, 19, and 30 post

mating. Endoscopy was used at d 6 to determine the number of corpora lutea, and 

litter size data were collected at term. The number of copora lutea was not related 

(P>.05) to hormone concentrations at any ofthe sampling times (ANOVA-GLM). 

No differences in hormone levels were detected at d 5 in response to lambing 

number. At d 19, 5j3-pregnane-3,20-dione and 5j3-pregnane-3j3,20a-diol were 

higher in ewes carrying triplets than ewes carrying twins (PS008). At d 30, 3a



hydroxy-5p-pregnan-20-one was higher in ewes carrying triplets than twins 

(P<.05). Five progestins, including progesterone and 20a-hydroxy-4-pregnen-3

one, were lower at d 5 in ewes that conceived (n=26) than in ewes that did not 

conceive (n=6) at the first mating (P<.05). Concentrations often progestins were 

different (P<.05) (some higher and some lower) between groups of ewes that 

conceived at the first mating versus those that conceived at the second mating. In 

ewes that conceived at the second mating, pregnenolone and 5P-pregnane-3,20

dione were higher (P<.05) at d 5 than at d 5 of their previous non-conceptive cycle. 

Of the six ewes that were mated a second time, two still did not conceive but had 

elevated concentrations of three 5P-pregnanes (P<.05). Although there are 

differences in progestin profiles in ewes carrying different numbers of fetuses, 

concentrations alone are not adequate predictors of prolificacy at early gestation. It 

is inconclusive whether detection of pregnancy is possible as early as d 5 of 

gestation. 
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Fecal Progestins in the Early Gestation Ewe Monitored by 
Gas Chromatography/Mass Spectrometry 

CHAPTER 1 INTRODUCTION 

Issues in the Pregnant Ewe 

Little is known about certain aspects ofthe ovine pregnancy. 

Although the ewe is a common model for studies in endocrinology, there is 

still uncertainty about early pregnancy detection, lambing number 

prediction, and the placental influence on progestin profiles during 

gestation. At this time, trans-abdominal and trans-rectal ultrasonography 

are used to detect pregnancy and the number of fetuses carried by the 

pregnant ewe. Producers use these techniques in large-scale production 

systems to design more efficient feeding practices in which the higher 

metabolic needs of the more prolific ewes are met. There are limitations to 

these techniques, however, including expense and level ofaccuracy. 

Unable to afford their own equipment and trained technicians, some 

producers may seek veterinary assistance or other qualified technicians in 

determining pregnancy and lambing number. The accuracy of this 

technique is dependent upon the experience and ability of the operator but 

even in the most skillful hands there are still limitations. 
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Preliminary Work 

Procedure 

In fulfillment of requirements for a B.S. degree in Bioresource 

Research at Oregon State University, I conducted research in this 

laboratory comparing progestin concentrations in the feces and plasma of 

the pregnant mare, cow, and ewe. Matched blood and fecal samples were 

collected and analyzed for free, 5-position reduced pregnanes and selected 

4- and 5-pregnenes. In this study methods were validated for the 

extraction, identification, and quantitation of up to 25 different progestins. 

Results: Lambing Number Prediction 

Observational evidence from this research revealed that it may be 

possible to detect lambing number in ewes carrying one, two, or three 

fetuses at mid or late gestation (Figure 1.1). Progestin concentrations were 

markedly different among groups but with low sample size could notbe 

considered completely reliable (P<.05). Another interesting finding was 

that the most apparent way to compare lambing number groups was to sum 

the concentrations of all progestins and then classify them into lambing 

number groups. Although there were individual progestins which were 
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Figure 1. 1. Summation of fecal progestin concentrations (ng/g, wet wt. , mean±SE) 
detected in mid or late gestation ewes carrying one (n= 1), two (n=4) , or three 
(n=3) lambs. Different means are denoted by different superscripts (P<.05). 
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adequate indicators oflambing number such as 5~-pregnane-3,20-dione 

(5~-DHP) at mid-gestation and 5~-pregnane-3a, 20a-diol (5~-aa) at late 

gestation, the summation method allowed prediction of lambing number at 

any time during mid or late gestation with 100% accuracy. It was 

concluded that this was due to a transition from less-reduced progestins at 

mid gestation to more reduced progestins toward late gestation. The 

summation method eliminated the reliance on single steroids and also 

decreased variability among groups. Total progestin concentrations (ng/g, 

dry wt., mean±SE) were 4,294.3 in ewes carrying a single fetus (n=1), 

22,017.2±2,174.0 in ewes carrying twins (n=4) and 59,434.6±2,510.3 in 

ewes carrying triplets (n=3). This evidence suggested that the 

development of a non-specific fecal immunoassay might be possible for 

lambing number prediction. 

Other results and discussion 

This research indicated that a higher number of different progestins 

were present in the feces than in the plasma of the mare, ewe, and cow. In 

addition, concentrations were dramatically higher in the feces than in 

plasma. This research may provide insight for those choosing to use feces 

instead of plasma as a sample substrate. In addition to identification and 

quantitation of the fecal progestins present, this work indicated that in most 
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cases, considerable care should be taken when developing immunoassays 

to identify and quantify progestins (and perhaps more correctly, all steroids 

in the feces of animals for endocrine research). Wasser et al. (1994) stated 

that "high variability in crossreactivities of various progesterone antisera to 

progesterone metabolites in baboons makes antiserum selection a more 

serious concern in attempts to quantify faecal progestogen dynamics". Our 

laboratory's work has supported this statement in that the high 

concentrations and higher number ofprogestins (often very closely related 

epimers) create an overwhelming chance for quantitative interference and 

mis-identification due to cross-reactivity. It is, therefore, suggested that 

definitive steroid identification and quantitation by means such as gas 

chromatography/mass spectrometry, (GC/MS), be conducted for fecal 

immunoassay development and validation for each species of interest in 

which radioimmunoassay (RIA) and enzyme immunoassay (EIA) are used 

to monitor reproductive endocrinology. 
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CHAPTER 2 REVIEW OF LITERATURE 

Through the measurement of hormones in the peripheral 

circulation, the endocrine pattern of the pregnant ewe has been well 

characterized and is therefore a good domestic model for reproductive 

studies. Since ewes are one of the few mammals in animal agriculture that 

consistently have multiple offspring they provide an interesting perspective 

on placentation and steroid metabolism during pregnancy. 

Estrous Cycle ofthe Ewe 

The ewe has an estrous cycle of approximately 16 d and is 

seasonally polyestrous (Short, 1964 ). Edgar and Ronaldson (1958) 

reported that the corpus luteum (CL) reaches its full secretory activity of 

progesterone (P4) on d 6 of the estrous cycle and continues at a relatively 

constant rate until the last day of the cycle when it decreases to very low 

concentrations. This is consistent with results obtained nearly ten years 

later using a competitive protein-binding technique in which P4 was 

detected at no more than 0.4 ng/ml in the peripheral plasma for the first 

four days of the estrous cycle and then increased to a mean of 1.5 to 2.5 

ng/ml between days four and nine. Progesterone concentrations then 
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remained at that level for approximately another five days after which a 

decline in concentration was detected until reaching 0.1 ng/ml on the day 

of the following estrus (Thorburn, et a!., 1969). 

Pregnancy 

The length of gestation in the ewe is approximately 150 d with the 

major contribution of progestins in early pregnancy being made by the 

corpora lutea (CL). Plasma progesterone concentrations in early gestation 

have been found to be similar to those found in the non-pregnant ewe 

(Short and Moore 1959, Bassett et al. 1969, Bedford et al. 1972). Over the 

years, there has been confusion over the concentrations of P4 in the 

pregnant ewe. Short and Moore (1959) reported concentrations ofP4 and 

20a-hydroxy-4-pregnen-3-one (20a-P4) to be highly correlated in the 

pregnant ewe and reported them together. Their results indicated that the 

mean concentrations ofP4 and 20a-P4 detected during pregnancy were 4.1 

ng/ml and 3.7 ng/ml respectively, and remained stable throughout 

gestation. In contrast to those reports, Bassett et al. (1969) reported that 

P4 remained between 2.0 and 2.5 ng/ml until about d 50 of gestation at 

which time P4 increased steadily until approximately d 130 to 

concentrations about five times the value of that detected in the luteal cycle 
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of the estrous ewe. After parturition, P4 levels dropped to baseline values 

again. 

Evidence from studies in the mare indicated that similar increases 

detected in P4 concentrations from early gestation were, in reality, the 

summation of a number of cross-reacting pregnanes and pregnenes. The 

difficulty stemmed from the non-specific immunoassays which were 

commonly in use at that time and their inability to resolve P4 from other 

circulating progestins (Holtan et al., 1975). This evidence is supported by 

the fact that Short and Moore (1959) used spectrophotometric methods 

which are only sensitive to ~4 double bonds (like P4 and 20a-P4) and 

moderately sensitive to ~5 double bonds (like pregnenolone (P5)). 

Consequently, their method was not capable of detecting the Sa-and 5P

pregnanes whereas other techniques may have had a broader sensitivity to 

the entire class of progestins such as those used by Bassett et al. (1969) 

and Thorburn et al. (1969). 

Placental and Fetal Contributions 

Early studies found no obvious luteotropin in the peripheral 

circulation that was responsible for the prolonged survival of the CLs 

throughout gestation. It was therefore speculated that there must be some 

placentally derived luteotropin that supported the CLs P4 production for 
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the duration of pregnancy. After d 55 of gestation, however, pregnancy is 

maintained even after the removal of the ovarian tissue or CLs (Casida and 

Warwick, 1959). This finding indicated that an alternate system is 

responsible for maintaining uterine quiescence after that time, and is 

presumably under the control of the fetus or placenta. It has also been 

shown in data from the ewe that fetal hypophysectomy after d 90 of 

gestation affects placental steroid biosynthesis (Deayton et al., 1993). 

Collectively, these results demonstrate the influence of extra-ovarian 

sources of endocrine regulation. This is in contrast to the theory that the 

placenta moderates progestin profiles and uterine quiescence through a 

secondary luteotropin that it releases to stimulate ovarian progestin 

production. 

Lambing Number Prediction Through Progestin Analyses 

Further evidence of placental contribution comes from observations 

that lambing number can potentially be detected using blood samples from 

pregnant ewes. In 45 Ivesi ewes in the second half of gestation, P4 

concentrations (ng/mL, mean±SE) were 2.02±0.08, 3.24±1.18, and 

4.90±0.85 in ewes carrying one, two, or three fetuses, respectively (Kalkan 

et al., 1996). Other results have found mean concentrations of plasma P4 

to be twice as high in ewes carrying twins versus ewes carrying a single 

http:4.90�0.85
http:3.24�1.18
http:2.02�0.08
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fetus (Bassett et al., 1969). Thorburn et al. (1969), and later verified by 

Fahmy et al. (1994), found in superovulated ewes that P4 concentrations 

were highly related to CL number. As will be addressed later in greater 

detail, it should be noted that these were most likely a measurement of total 

progestins and not just P4. 

Unfortunately, accurate lambing number prediction has mostly 

proven unsuccessful with plasma samples. For one, the individual 

variation among ewes has been shown to dramatically increase during late 

gestation (Bassett et al., 1969, Bedford et al., 1972). The variability is 

high enough that some individuals from one lambing number group may 

have progestin concentrations which fall within the range of different 

lambing number groups making accuracy of prediction very poor. 

Secondly, the weak repeatability of these observations in the literature 

hints that there are probably many confounding factors which make the 

prediction much more inconsistent such as fetal weight, for example, 

which has been shown to influence P4 concentrations (Bedford et al., 

1972). Using spectrophotometric techniques Short and Moore (1959) 

monitored P4 concentrations and detected no difference among groups of 

ewes carrying different numbers of fetuses. Since their method was 

sensitive specifically to P4 and other pregnenes, but not pregnanes, there is 

satisfactory evidence that monitoring just these variables does not allow 

accurate lambing number prediction. But those laboratories using less 
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specific methods have, in fact, detected differences among groups because 

they have not specifically monitored P4. Instead they have monitored P4 

as well as other constituents of the broader class of progestins which seem 

to be a more accurate indicator of lambing number. 

Detection o(Pregnancv and Lambing Number with Ultrasonography 

Ultrasonic imaging is a reliable technique to detect pregnancy and 

fetal number. The primary advantage to this technique is that once 

diagnoses have been made, ewes can be sorted appropriately at that time. 

Non-pregnant ewes can be sorted and collected for re-breeding, and ewes 

of different levels of prolificacy can be separated on the basis of nutritional 

needs throughout gestation. 

In skilled hands the ultrasound is an accurate detector of lambing 

number by mid-gestation. And by measuring fetal growth parameters such 

as trunk diameter, crown-rump-length, and the diameter of the eye, 

ultrasound can also be used to determine gestational age and parturition 

dates (Kaehn et al., 1992). Early pregnancy detection however, is no 

more accurate than guessing before d 24 in the pregnant ewe. By d 32-34 

the level ofaccuracy increases to 85%. Detection ofnon-pregnant ewes is 

more accurate; by d 21-23 accuracy is 80% and is as high as 98% by d 32

34 (Garcia et al., 1993). 
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Fecal Samples 

Fecal samples are increasingly being used to monitor reproductive 

function in domestic species (Palme et a/., 1996, Schwarzenberger eta/., 

1996, Palme et a/., 1997), and in a wide variety of free-ranging and exotic 

species including feral horses (Kirkpatrick et a/., 1990), bison (Kirkpatrick 

eta/., 1992, Kirkpatrick eta/., 1993), caribou (Messier eta/., 1990), moose 

(Monfort eta/., 1993), humans (Eriksson and Gustafsson, 1971), felids 

(Brown eta/., 1994, Brown eta/., 1995), baboons (Wasser eta/., 1991, 

Wasser eta/., 1994) and wolves (Wasser eta/., 1995). Many researchers 

working with free-ranging or exotic, captive species have turned to fecal 

samples to monitor estrus, pregnancy, and stress response in their 

populations of interest. This technique is advantageous in that it is non

invasive and allows remote monitoring of populations which may be 

grazing large areas. Logistically, the round-up, capture, and blood 

sampling that would be necessary to monitor those parameters would be 

very difficult. Threatened or endangered species that are housed, for 

instance, in zoos are exposed to many stresses with which their species do 

not normally contend in their natural habitat. The use of fecal samples to 

investigate and monitor the reproductive physiology of these species 

allows a less-stressful alternative to the collection of blood which may 
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allow the development of more efficient and accurate breeding strategies 

for re-population efforts. When using fecal samples for steroid analysis and 

physiological studies there are many important considerations that must be 

carefully made for each species. 

Method validation 

Since the use of fecal samples in endocrinology is a relatively new 

technique, methods are somewhat inconsistent from one scientist to 

another. Much of the work has been specific for each laboratory. For 

example, extraction solvents may range from ethyl alcohol to diethyl ether 

and assays may range from RIA to high-pressure liquid chromatography 

(HPLC). These types of inconsistencies have prohibited data comparisons 

among researchers in a slowly but steadily growing body of literature. 

There have been very few ways to determine what effect the different 

collection, storage, extraction, and measurement methods have on the data 

that has been generated by the different groups. In the following sections, 

work that may help standardize the methods used in these analyses will be 

presented. 
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Sample Composition 

The steroid composition of fecal samples has been found to vary 

depending on which portion of the sample is used. Recent evidence has 

revealed that some steroids are excreted through both intestinal mucosa 

and bile. It has been speculated that the former is responsible for the 

increased steroid concentrations on the outermost layer of the fecal balls. 

Unlike some other species such as ponies and pigs, sheep have been found 

to have very low variability of steroid concentration within the fecal balls 

and therefore require no homogenization prior to extraction (Palme et al., 

1996). 

Drv weight and Extraction Solvents 

Fecal steroid concentrations are often reported on a dry matter 

basis. To do this samples must be desiccated by freeze-drying or oven 

drying if the compounds are temperature stable. Some recent reports have 

indicated that progestin analyses of "dry" or "wet" samples from 

herbivores yields similar results making desiccation unnecessary 

(Schwarzenberger et al., 1996). Additionally, it has been found that some 

methods of drying produce variable results when compared to other drying 
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methods. Larter et al., (1994) reported that absolute hormone 

concentrations from freeze-dried fecal extracts were lower than identical 

samples that were analyzed after oven drying, although relative progestin 

concentration differences between animal types were the same. 

One simple method of increasing the application of fecal data is to 

include the dry matter composition of the samples on a percent basis. It 

can be assumed that similar water content is found in the feces of animals 

on the same diet with the same accessibility to water. When samples are 

collected at the same time, mean percent dry wt. can be reported to make 

conversion between wet and dry wt. concentrations relatively accurate and 

easy. 

Efficiency of extraction solvents is also a concern, but for neutral 

steroids such as progestins, diethyl ether has been found to be the most 

effective (Larter et al., 1994, Palme et a!., 1997). 

Conjugation 

The solubility of steroids in aqueous media is very low. Steroid 

hormones detected in plasma and urine are typically conjugated to either 

sulfates or glucuronides to provide hydrophilicity. The formerly 

hydrophobic compound is then water soluble and available for transport in 
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the general circulation or excretion through urine (Palme et a!., 1996). 

Fecally excreted steroids may not need to be as water soluble as steroids 

excreted via the urinary system but there is often some percentage which is 

conjugated. When the conjugated portion of excreted steroids is 

significant then chemical hydrolysis or enzymatic cleavage of the 

compound may have to be performed before extraction of the steroids can 

be completed. Studies have been conducted for a variety of species and a 

variety of steroids to document the excretion ratios. A large body of 

literature supports the theory that the majority of progestins excreted via 

the feces are metabolized by the liver and then enter the bile as conjugates 

but are then un-conjugated by gut microbes. Those steroids not 

undergoing enterohepatic circulation are then excreted via the feces in the 

unconjugated form (Taylor, 1971, Palme et al., 1996, Schwarzenberger et 

al., 1996, Palme et al., 1997). In ewes, radioactive labeling studies have 

been used to detect that 77% of administered labeled P4 is excreted via the 

feces with 99% of that being in the unconjugated form (Palme et a!., 1996, 

Palme eta!., 1997). Seventy-four percent of labeled estradiol-17B (E2) is 

excreted via the feces with 97% of that being unconjugated (Adams et a!., 

1994). 



17 

Cross-reactivity 

In general, a higher number of steroids and higher concentrations 

can be detected in the feces than in the blood. As mentioned previously, it 

is important that if immunoassays are used to detect and quantify steroid 

concentrations that they be carefully prepared to be extremely specific or 

that the cross-reactivity is carefully considered (Wasser et al., 1994, 

Schwarzenberger et al., 1996) 

Lag time 

Each species is different, but all have a lag time of steroids excreted 

though feces versus those voided through the urine or detected in the 

circulation. In radiolabelling studies in the ewe, the maximum excretion 

rate was detected in urine during and immediately after peripheral 

circulation infusion and in feces 12 h after infusion (Palme, 1996). Care 

must be taken to account for lag time when testing correlation between 

plasma and fecal steroid levels for each species. 
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Bacterial metabolism in the gut 

Since steroids are mostly unconjugated upon arrival in the intestine 

they are available for microbial degradation. The most significant 

microbial steroid metabolism in the gut has been found to be that of 

cortisol to a number of different metabolites and of 16a-hydroxy-P4 to 

17a-hydroxy-P4. It has also been shown that 3-position epimerization and 

reduction of 20-keto groups is possible. Once reduced to 20-hydroxy 

compounds, steroid metabolites are resistant to further microbial 

degradation. Fortunately, metabolism at the 3- and 20-positions have been 

found to be negligible (Macdonald et al., 1983). These data suggest, at 

least for progestins of interest in the ewe, that there is little to no microbial 

transformation. 

Social Ranking and Fecal Progestins 

As mentioned previously, the use of fecal samples in 

endocrinogical work has many practical advantages. Additionally, it may 

provide insight to questions that are unanswerable using plasma samples. 

In a study conducted by Wasser et al., ( 1996) free-ranging baboons were 

monitored for fecal progestins. It was determined that conception could be 

detected as early as d 4 post-ovulation. Fecal progestins were higher in the 
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conceptive cycles than non-conceptive cycles but then fell to nearly 

indistinguishable levels by d 12-17 post-ovulation. After d 17, progestin 

concentrations rose again and remained at higher levels until parturition 

than in non-pregnant baboons. In addition to pregnancy detection at as 

early as 4 d of gestation, social rank-related differences in progestin 

concentrations were also detected. Social status was determined over years 

of observation and was monitored regularly throughout the study. In 

conceptive cycles, mean progestin concentrations were lower in high

ranking baboons than in lower-ranking baboons. They speculated that this 

finding revealed a device by which the population of baboons is kept 

reproductively efficient by either being dominant and therefore less 

susceptible to negative social stress during gestation or by possessing 

strong reproductive efficiency in the form of compensatory endocrine 

regulation allowing the dam to overcome social and environmental stresses 

during gestation. No such patterns were detected in non-conceptive cycles. 

Undoubtedly, the collection of these data could have been easily 

confounded had researchers had to disturb the social dynamics by 

capturing and restraining the baboons for the purpose of drawing daily 

blood samples. These interesting results demonstrate an important 

potential use for fecal samples in endocrinology on wild populations of 

animals, especially in behavioral applications. 



20 

Gas Chromatography/Mass Spectrometry 

Gas chromatography/mass spectrometry (GC/MS) is a very specific 

technique by which steroid concentrations can be measured without the 

confusion of cross-reactivity. In a biological context, this technique was 

originally used for drug detection in urine in the racehorse industry 

(Dumasia et a!., 1986). Since then, this technique has been used 

extensively in steroid metabolism studies (Holtan et al., 1991, Houghton et 

al., 1991, Schutzer and Holtan, 1996, Schutzer et al., 1996, Doostzadeh et 

al., 1998, Marshall et al., 1999). Until recently, GC/MS has been used 

almost exclusively to analyze plasma. In limited cases, GC/MS has been 

used to identify unknowns generated by fecal extraction and quantitative 

methods such as immunoassay and HPLC (Wasser et a/.1994, Palme, et al. 

1997). 

Objectives 

The purpose of our laboratory's recent studies has been to 

investigate the role of the placenta on the Sa- and 5P-series reduced 

pregnanes and selected 4- and 5-pregnenes (see Table 1.1 for steroids and 

their abbreviations) in the pregnant mare, but more recently, the ewe. 

Using GC/MS, we have developed methods for the routine quantitation of 
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Table 1.1. List of steroid abbreviations in this paper and their 
corresponding IUP AC names. 

IUP AC Nomenclature Abbreviations 

S~-pregnane-3 ,20-dione S~-DHP 

Sa-pregnane-3 ,20-dione Sa-DHP 
4-pregnene-3 ,20-dione Progesterone, P4 
3a-hydroxy-S~-pregnan-20-one 3a-S~ 

3~-hydroxy-S-pregnen-20-one Pregnenolone, PS 
3~-hydroxy-Sa-pregnan-20-one 3~-Sa 

20~-hydroxy-S~-pregnan-3-one 20~-S~ 

20a-hydroxy-S ~-pregnan-3 -one 20a-S~ 

20a-hydroxy-Sa-pregnan-3-one 20a-Sa 
S~-pregnane-3a,20~-diol S~-a~-diol 

20a-hydroxy-4-pregnen-3-one 20a-P4 
Sa-pregnane-3a,20~-diol Sa-a~-dio1 

S~-pregnane-3 ~,20~-diol S~-~~-diol 

S~-pregnane-3a,20a-diol S~-aa-diol 

S~-pregnane-3~,20a-diol S~-~a-diol 

S-pregnene-3 ~,20~-diol PS-~~-diol 

Sa-pregnane-3 ~,20~-diol Sa-~~-diol 

Sa-pregnane-3 ~,20a-diol Sa-~a-diol 
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up to 25 different free progestins in the feces of the pregnant mare, cow, 

and ewe. Gas chromatography/mass spectrometry is a highly specific 

technique which has allowed our laboratory to positively identify and 

quantify the numerous progestin metabolites found in the feces and with a 

sensitivity down to 0.5 ng/g. Using these techniques we have investigated 

domestic livestock and some other species such as elephants, salmon, and 

primates. Our primary target has been progestins and the affective roles of 

placental and ovarian metabolism. Because ofher interesting reproductive 

physiology, we have in recent years chosen the ewe as our model. 

Preliminary work demonstrated that differential progestin concentrations 

were obtained when ewes carried different numbers of fetuses (Miller and 

Holtan, 1997). 

The main objectives of this study were to determine if a 

relationship existed between progestin concentrations and fetal number, 

CL number, or breed differences at early gestation. These data represent a 

potential for the development of assays for early pregnancy detection and 

lambing number prediction that may be beneficial to the producer. In 

addition, we have validated methods for the use of GC/MS for the routine 

analysis of progestins in fecal samples. 



23 

CHAPTER 3 MATERIALS AND METHODS 

Animals and Sampling 

Overview and time line 

A flock of ewes maintained by the Animal Sciences Department at 

Oregon State University was mated and a subset of ewes mated September 

third through the fifth, 1997, were selected for this trial. Fecal samples 

were then collected at three different times (Figure 3.1 ); 10 September 

1997, 24 September 1997, and 5 October 1997. Laparoscopies were 

performed on 11 September 1997 to identify the ovulation rate of each ewe 

(Seeger and Klatt, 1980). 

Pregnant Ewes 

Thirty-five black and white-faced cross breed ewes were used in this 

study and were housed at the sheep unit at Oregon State University, 

Corvallis, OR. They were maintained on autumn pasture and received 

water ad libitum. Those ewes that failed to conceive and subsequently 

returned to estrus were re-mated. Samples were collected and ewes were 

monitored throughout gestation until lambing data were obtained. 
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Mating SamQling 1 LaQaroscom: SamQling 2 SamQling 3 
3-5 Sept. 10 Sept. 11 Sept. 24 Sept. 5 Oct. 

m u-- + + 
(d. 0-3) (d. 5) (d. 6) (d. 19) (d. 30) 

Figure 3.1. Time line including dates ofmating, sampling, and laparoscopies. 
Relative days after mating are listed below the timeline. 
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Sample collection 

Fecal samples were collected by gloved hand from the rectum and 

placed in re-sealable plastic bags and stored at -1 0°C until analysis. 

Laparoscopy 

Dr. Howard Meyer of Oregon State University performed 

laparoscopies on each ewe used in the study approximately 5 d post

mating. Fasted ewes were mildly sedated with Rompun (0.15 mg/kg/body 

wt.)(Bayer Corporation, Toronto, Canada) and restrained in cradles for the 

procedure. The abdomen of the ewes was shaved, treated with betadine, 

then moderately inflated with C02 to allow space to manipulate the 

endoscope. The cradles were then tipped such that the ewe was oriented 

abdomen up and head down to allow the internal organs to move away 

from the area of incision. The endoscope was inserted and the ovaries 

were inspected for the number of CLs present as an indicator of the 

number of ovulations the ewe underwent. Ewes recovered in enclosed, 

covered pens under supervision. Those ewes that had not ovulated were 

removed from the study. 
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Laboratory Procedures 

Internal standards 

Deuterium-labeled internal standards (Figure 3.2) were prepared as 

described by Dehennin et al. (1980). Each sample plus five additional 

standards received 500 ng each ofD4-5P-pregnane-3,20-dione (D4-5P

DHP), D4-P5, D4-3p, and D4-5a-pp-diol (50 J.lL of 10 ng/J.lL solution in 

methanol (MeOH)). The extraction substrate for the standards consisted of 

0.5 g feces from an ovariectomized (OVX) mare. To those five standards, 

increments of 125, 250, 500, 1000, and 2000 ng ofnon-labeled 5P-DHP, 

5a-DHP, 4-pregnene-3,20-dione (progesterone, P4), 3a-hydroxy-5p

pregnan-20-one (3a-5p), P5, 3p-hydroxy-5a-pregnan-20-one (3P-5a), 

20p-hydroxy-5p-pregnan-3-one (20P-5P), 20a-hydroxy-5p-pregnan-3-one 

(20a-5p), 20a-hydroxy-5a-pregnan-3-one (20a-5a),5p-pregnane-3a, 

20p-diol (Sp-ap-diol), 20a-P4, 5a-pregnane-3a, 20p-diol (Sa-ap-diol), 

5P-pregnane-3p, 20P-diol (5P-PP-diol), 5P-pregnane-3a, 20a-diol (SP

aa-diol), sp-pregnane-3p, 2oa-diol (5P-Pa-diol), 5-pregnene-3p,20P-diol 

(P5-PP-diol), 5a-pregnane-3p, 20P-diol (5a-pp-diol), 5a-pregnane-3p, 

20a-diol (5a-Pa-diol) were added. Feces from an ovariectomized mare 

was used as an extraction substrate because there were no OVX ewes 

available at the time of steroid analysis and the feces of anestrus ewes 
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Figure 3.2. Full scan mass spectra of deuterium labeled sp-pregnane-3 ,20-dione 
(D4-5P-DHP) internal standard (top) , compared to the endogenous sp-DHP 
(bottom). Note that with four hydrogen molecules replaced with four deuterium 
molecules, the D4 internal standard possesses a molecular weight of four more than 
the endogenous progestin. 
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contained low but significant enough concentrations of progestins to 

prohibit their use as an extraction substrate 

Extraction 

Fecal samples (0.5 g) were placed in 15 mL polypropylene 

centrifuge tubes with 50 J.!L of deuterium-labeled (D4) internal standards, 5 

mL of hexane, and 5 mL of de-ionized water. The tubes were repeatedly 

inverted for 1 h on a tilting plate and frozen upright at -40°C for 

approximately 1 h. The steroid-containing hexane fraction was then 

poured directly into MeOH and water-primed, Sep-Pak, solid-phase C18 

extraction columns (Fisher Scientific, Fair Lawn, NJ). Samples were 

pulled through a 16-cartridge vacuum manifold (Waters, Milford, MA) at 

approximately -18 psi and then rinsed with water and finally eluted with 4 

mL of diethyl ether into 4 mL glass vials. The ether extract was dried 

under N2 before derivatization (Figure 3.3). 

Derivatization 

Ketone functional groups were derivatized to their methoximes in 

50 J.!L 3% methoxyamine (Sigma, St. Louis, MO) in pyridine (Regis 
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Chemical Company, Morton Grove, IL) at 60°C for 30 min. After drying 

under a stream ofN2, hydroxyls were derivatized to form tert

butyldimethylsilyl (tBDMS) derivatives by adding 25 )lL N-methyl-N-t

butyldimethylsilyl-trifluoroacetamide (MtBSTF A; Regis) and 50 )lL 5% 

diethylamine (DEA; Regis) in dimethylformamide (DMF; Regis) (as a 

catalyst) and incubating at 80°C for 45 min. (Schutzer and Holtan, 1996). 

Teflon-lined caps were used on glass storage vials during all extractions 

and derivatizations. Additional steroid extractions were performed to 

remove the steroid fraction from spent reagents by first adding 0.5 mL de

ionized water to the glass sample vials containing aqueous derivatization 

by-products. Four mL of diethyl ether was then added and the vial was 

capped and vortexed for a few seconds. Pasteur pipettes (Fisher) were 

used to transfer the steroid-containing ether fraction to borosilicate culture 

tubes (Fisher); this step was repeated except that additional water was not 

added to the vial. The ether was dried under N2while care was taken to 

rinse the steroid residue down the inside of each vial with additional ether. 

When the steroid residue was dry and collected in the bottom of the tubes, 

the steroids were re-suspended in 30 )lL undecane (Sigma) and transferred 

to polypropylene autosampler vials (Wheaton, Millville, NJ) for injection 

into the GC/MS. 
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Analysis ofProgestins 

Equipment and operating conditions 

Samples were analyzed with a Hewlett-Packard (Wilmington, DE) 

5890 series II gas chromatograph interfaced with a model5971A mass 

spectrometer equipped with an automatic sample injector. 

Chromatography was achieved with a DB-5MS, 30 m fused silica column 

with an inner diameter of0.25 mm (J & W Scientific, Folsom, CA). 

Helium was used as the carrier gas (1 mL/min.). The temperature ramp of 

the GC began at 160°C and remained at that temperature for 1.5 min before 

climbing to 280°C (25°C/min) and again to a final temperature of 31 ooc 

(3°C/min). Data from all samples were collected and analyzed with Chern 

Station Software (Hewlett-Packard). 

Progestin Identification 

Progestins were identified using full scan mode and routine 

quantitative analyses were performed in selected ion mode. Endogenous 

progestins that had not previously been characterized using these methods 

were compared with full-scan spectra of individually analyzed standards 

(Sigma, St. Louis, MO, Figure 3.4). Retention time, mass ions, and 
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Figure 3.4. Full scan mass spectra of progesterone (P4) standard (top) and 
endogenous P4 (bottom) analyzed at different times . Note the similarity 
between ratios of the derivatized ions: 100, 125 , 153, 273 , 341 , 372 in the 
standard and the sample. 
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fragmentation patterns were the criteria for comparison (Figure 3.4). Up 

to 18 progestins were identified and quantified, eight of which have been 

previously characterized by Houghton eta!. (1990) and verified by Holtan 

eta!. (1991). 

Progestin Quantitation 

Standard curves were generated for each progestin using D4 

internal standards with the response ratio (response v. amount added) being 

used for quantitation. Progestins without an exact D4 internal standard 

were quantified by developing a standard curve against the D4 progestin 

with the most similar structure. For example, to quantify the hormone 5P

ap-diol, the response ratio of 5P-aP-diol v. D4-5a-PP-diol internal 

standard was used to produce a standard curve for that compound. 

Coefficients ofVariation 

One fecal sample containing relatively high progestin 

concentrations was selected before beginning the progestin analyses for 

calculating the inter-assay coefficient ofvariation (CV). An aliquot of that 

sample was prepared with each batch of samples that were analyzed. In 

order to generate a CV to test the repeatability of the GC/MS and 
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quantitation system, one sample was injected five times in a row and 

monitored for progestin concentrations. That measurement will be referred 

to as GC/MS and quantitation system CV. 

Statistical Analyses 

After all fecal samples were collected they were randomized into 

different sets. Those sets were analyzed together to eliminate any effect 

due to inter-assay variation. Samples that were collected at the same time 

were not analyzed together. 

Statgraphics (Manugistics Inc., Rockville, MD) was used to test for 

differences within sampling times and between sample collections when 

appropriate. Using one-way ANOVA, the following variables were tested 

against 18 progestin concentrations: lambing number, number of CLs, 

pregnant versus non-pregnant, breed, and ewes with the same number of 

CLs as lambs born versus ewes that had more CLs than lambs born. 

Approximately fifteen days after mating, nine ewes returned to 

estrus and were re-bred. Of those that returned to estrus and were re-bred, 

two failed to conceive and one later died at pasture before parturition. The 

remaining six ewes were compared during that conceptive cycle to the 

progestin concentrations detected at the first collection from ewes that 

conceived at their first breeding. This comparison was made using one
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way ANOVA, and was made to detect differences between the conceptive 

cycles of ewes that conceived at the first breeding and those that conceived 

at the second mating. The two groups of ewes were of comparable 

gestation length (approximately 5 d) at their respective times of sample 

collection. 

Paired t-tests were used in making two comparisons. The first was 

to compare the six ewes that did not conceive at the first mating to 

themselves at the second sampling when they were successfully mated. 

Again, both samples were collected at approximately 5 d post-mating. The 

second comparison using the paired-t test was to compare the two 

unsuccessful ewes that were mated twice but failed to conceive either time 

but were maintained throughout the study. 

Repeated measures with SAS (Cary, NC) ANOVA-generallinear 

means (ANOV A-GLM) were used to detect changes among the three 

sampling times in those ewes that conceived at the first mating (n=27). All 

repeated measures data were log transformed before analysis. The 

dependant variables, lambing and CL number, and whether a difference 

existed between CL number and lambing number, were fitted in the model. 
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Bacterial Metabolism Trials 

During the method validation in our lab, deuterated internal 

standards D4-5a-pregnane-3,20-dione (D4-5a-DHP), D4-pregnenolone 

(D4-P5), D4-3J3-hydroxy-5a-pregnan-20-one (D4-3J3), D4-5a-pregnane

3J3, 20J3-diol (D4-5a-J3J3-diol) were added to fresh rumen fluid and 

incubated at 3 7° C for 24 h on a shaker tray. Samples were then extracted 

and analyzed with GC/MS to detect deuterated progestins which had 

undergone microbial transformation. 
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CHAPTER 4 RESULTS 

Assay Validation 

Bacterial Metabolism Trials 

Incubation of D4 standards in rumen fluid produced no detectable 

D4 labeled metabolites. As expected, 1 00% recovery of D4 standards was 

not achieved leaving the fate of the steroids, to a small extent, uncertain. 

Current methods would not detect compounds that had been metabolized to 

compounds with active sites at positions other than 3 and 20. 

Coefficients ofVariation 

Mean inter-assay CV was 22.6% for 18 different steroids. The 

intra-assay CV from five separately run aliquots ofthe same sample on the 

same day was 6.2%. The mean CV for the machine and the quantitation 

system was 2.0%. 
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Standard Curves 

Five-point standard curves were generated for each compound 

against a deuterium-labeled internal standard with correlation coefficients 

generally being .99 or higher but not less than .98. 

General Means and Correlation ofProgestins 

Many of the progestin concentrations in this early gestation study 

were correlated. In order to isolate the most notably correlated progestins, 

compounds with coefficients greater than 0.70 (P<.0001) were reported 

and can be found in Table 4.1. Most progestin levels changed over time 

and are reported below (P<.05, ANOV A-GLM). P5-PP-diol and 5a-DHP 

both increased from d 5 to d 19. Increasing from d 19 to 30 were 3a-5p, 

5P-aP-diol, 5a-ap-diol, and 5P-aa-diol. The remaining 12 progestins 

changed over all three sample collection times. 20P-5P, 20a-5p, 5P-PP

diol, and 5a-PP-diol increased steadily over all three sampling times. 5P

DHP, P5, 3p-5a, 20a-5a, 5P-Pa-diol, and 5a-Pa-diol increased from d 5 

to 19 and then decreased slightly by d 30 to levels higher than those 

detected at d 5. Both P4 and 20a-P4 were unique in that they increased 

from d 5 to 19 and then decreased by d 30 to levels lower than those 

detected at d 5. 
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Table 4.1. Progestins below were highly correlated at all three sample 
collection times. Correlation coefficients greater than 0. 70 are included in the 
table (P<.OOOl). 
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Corpora Lutea Effect 

The number of ovulations that ewes underwent, reflected by the 

number of CLs formed, was not correlated with progestin concentrations at 

any of the sampling times (P=.85). Total progestin concentrations for ewes 

at all sampling times with one (n=3), two (n=39), three (n=32), or, four 

(n=6) CLs respectively were 1985.3±1114.1, 2867.9±309.0, 3018.2±341.1, 

and 2922.5±787.8. Additionally, there were no differences detected for 

any of the hormones at any ofthe collection times when comparing ewes 

that had the same number of CL' s as lambs born with ewes that had a 

higher number of CL' s than number of lambs born. 

Influence ofLambing Number 

At the first sample collection ( d 5) there was no difference in 

progestin concentrations due to lambing number. Two progestins from 

samples collected at d 19 of gestation were different between ewes 

carrying singletons and twins versus those with triplets (P_:::;.008, Figure 

4.1). Mean 5~-DHP concentrations were 331.6±140.1, 389.4±45.4, or 

697.8±80.9 for ewes carrying one, two, or three fetuses, respectively. 

Mean 5~-~a-diol concentrations were, in the same order, 47.4±22.6, 

60.4±7.3, and 115.3±13.1. At the third sampling (d 30), one progestin, 
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Figure 4.1. Fecal progestin concentrations (ng/g, wet wt., mean±SE) at d 19 
of gestation in ewes giving birth to one, two, or three lambs. Means with different 
superscripts are different (PS-008). 
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(3a-5p), was different between ewes carrying singletons or twins versus 

those carrying triplets (P=.03). The mean concentrations of 3a-5p were 

105.8±46.0, 124.9±14.9, and 216.4±29.1 for ewes carrying one, two, or 

three fetuses, respectively (Figure 4.2). 

Ewes that Returned to Estrus 

Of the 35 ewes sampled in this study, nine failed to conceive and 

returned to estrus. Five progestins were different at d 5 in the ewes that 

had conceived versus the ewes that had not conceived (Figure 4.3). With 

the exception of 5a-PP-diol these progestins were the more polar variety 

with keto-groups or unsaturation near ring A. Concentrations were lower 

(P<.05) in pregnant versus non-pregnant ewes, respectively: 5a-DHP, 

96.4±11.5, 151.4±19.6; P4, 75.4±18.7, 210.6±32.3; 20a-5a, 68.0±9.8, 

11 0.4±17.0; 20a-P4, 78.1±18.4, 222.3±31.8; 5a-PP-diol, 131.6±18.2, 

206.1±31.6. 

The ewes that returned to estrus were re-bred at approximately 15 

d after the initial breeding. Another sample collection was carried out 5 d 

later. A comparison between the conceptive cycles ( d 5) of ewes that 

conceived at the first versus ewes conceiving at the second mating revealed 

ten progestins that were different (Figure 4.4). The following were higher 

(P<.05) in ewes pregnant at the first mating (n=26) versus the second 
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Figure 4.2. Fecal concentrations of3a-5p at d 30 of gestation in ewes giving 
birth to one, two , or three lambs. Different superscripts denote different 
means (P<.05). 
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(n=27) and non-pregnant (n=6) ewes at 5 d gestation. All progestins shown were 
different between pregnant and non-pregnant groups (P<.05). 
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progestins that were detected at lower concentrations. 
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mating (n=6), respectively: 3a-5p, 55.0±6.5 and 19.3±13.7; 5P-aP-diol, 

63.7±6.7 and 19.7±14.2; and 5P-aa-diol, 96.4±10.5 and 26.7±22.3. The 

following were lower in ewes pregnant at the first mating than in the second 

(P<.05) respectively: 5a-DHP, 96.4±22.5 and 299.3±46.9; P4, 75.4±15.7 

and 155.4±33.2; P5, 1.9±.4 and 6.0±0.8; 20a-5a, 66.0±10.0 and 

126.7±21.3; 20a-P4, 78.1±14.1 and 153.6±29.8; 5P-PP-diol, 19.2±2.0 and 

34.5±4.2; and P5-PP-diol, 1.1±0.2 and 2.5±0.4. 

In the six ewes that were re-bred and conceived, two progestins, P5 

and 5P-DHP, were higher in their conceptive than non-conceptive cycles at 

d 5 post-mating (P<.05, Figure 4.5). Ewes that were mated twice and 

failed to conceive either time (n=2) had elevated concentrations of three 

5P-series pregnanes and a lower concentration of 5a-DHP after the second 

mating (Figure 4.6). In the first mating versus the second mating, the d 5 

post-mating concentrations were 5B-DHP, 222.7±66.3 and 423.4±78.0; 

3a-5p, 40.2±17.3 and 161.9±15.8; 5p-ap-diol, 61.3±20.9 and 218.8±29.2. 

The concentration of5a-DHP however, was 163.2±25.4 in ewes at the first 

mating and 86.5±20.1 in ewes at the second mating. 

Concentrations of P5 were higher (P<.05) in pregnant ewes that 

conceived at the second mating (6.0±08, n=6) versus the first mating 

(1.9±0.4., n=27). Six of the ewes that conceived at the second mating 

possessed higher concentrations (P<.05) ofP5 (6.0±0.8) at d 5 than 5 d 

after their unsuccessful first mating (1.6±0.4). Three ewes did not 
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cycles (P<.05). Note: P5 concentration is represented on the right axis. 
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Figure 4.6. Four fecal progestin concentrations (ng/g, wet wt., mean±SE) were 
different between 1st (n=2) and 2nd (n=2) non-conceptive matings (P<.05). 
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conceive at the second mating. One ewe died but the two remaining non

pregnant ewes were used to compare the first mating versus the second 

mating at d 5. P5 concentrations were found to be higher (P<.05) at the 

second mating (2.8±0.9) than at the first (0. 7±0.1 ). 

Breed Effect 

Two di-keto and two mono-keto progestins were different between 

black-faced (n=20) and white-faced (n=15) crossed ewes (P<.05, Figure 

4.7). Progesterone and 20a-P4 concentrations were higher in the black

faced ewes (P4; 144.7±23.9 versus 58.7±27.6 and 20a-P4; 151.4±24.0 

versus 62.1±27.7). White-faced ewes had concentrations of20a-5p twice 

that of their black-faced counterparts, 202.6±26.8 and 103.1±23.2, 

respectively and 5P-DHP was detected at 251.3±31.3 in the white-faced 

ewes and 120.6±27.1 in black-faced ewes. 

One progestin was related through interaction to genotype 

difference and whether or not the ewe was pregnant (P<.05). Non

pregnant, black-faced ewes (n=5) had considerably higher concentrations 

of20a-P4 (270.2±38.5) than either white-faced or pregnant ewes (Figure 

4.8). Pregnant, black-faced ewes (n=13) had mean concentrations of20a

P4 of92.0±23.9 and pregnant, white-faced ewes (n=14) had mean 
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concentrations of65.3±23.0. Very similar values for each group were 

found for P4 but significance was established at P<.07. The lowest 

concentration of20a-P4 belonged to a non-pregnant, white-faced ewe 

(n=l) and was 17.4. 
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CHAPTER 5 DISCUSSION 

Bacterial Metabolism Trials 

The lack ofmetabolites detected from the incubation trial provides 

confidence for the study of progestins in the feces ofmost domestic 

livestock. It was assumed that fresh rumen fluid contained a similar 

bacterial flora to that found in the hindgut of the ewe where steroid 

degradation would most likely occur. Since the D4 standards were not 

recovered completely, there is still a possibility ofminimal bacterial 

steroid metabolism to unidentified compounds. In this study only the 3

and 20-position metabolism is of concern. Therefore, according to this 

work and reports in the literature, there is no reason to believe that 

bacterial metabolism would significantly alter the steroid profiles detected 

in this study (Macdonald, 1983). 

Progestin Profiles During Gestation 

The presence of elevated progestin concentrations in the peripheral 

circulation ofmost domestic species is considered the major indicator of 

pregnancy. In the late gestation mare, the placenta appears to produce the 

majority ofprogestins (Holtan et al. 1991, Chavatte et al., 1995). The late 
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gestation ewe possesses higher concentrations of fecal pregnane-diols than 

at early or mid gestation. This rise has been associated with fetal 

metabolism at the placental level (Miller and Holtan, 1997). It is 

reasonable that if progestins of mid to late gestation originate in the feto

placental unit that there may be a relationship between fetal number and 

progestin concentrations. 

Compared to progestin concentrations detected in previous work in 

this laboratory it was consistent that progestin profiles progressed from 

predominately high concentrations of di-keto compounds in early gestation 

to mono-keto, mono-hydroxy compounds, to di-hydroxy compounds later 

in gestation (p. 26). These trends may reflect the transition from luteal to 

placental influence as gestation progresses. 

In this early gestation work it is notable that only P4 and 20a-P4 rise 

by d 20 and then decrease by d 30 to concentrations lower than detected at 

d 5. Unlike our results from feces, however, Short and Moore (1959) 

reported stable concentrations in plasma throughout gestation and Bassett 

et al. (1969) reported the same at least through d 50. By d 30, however, 

fecal concentrations were down to levels that were comparable to those 

detected at mid and late gestation in previous work (Miller and Holtan, 

1997). Corresponding plasma concentrations from that study were in 

accordance with other reports from d 30 (Short and Moore, 1959, Bassett 

et al. 1969, Miller and Holtan, 1997). These two progestins were found to 
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be highly correlated in this study (Table 4.1) and in previous studies (Short 

and Moore, 1959). The remainder of the progestins increased by d 19 and 

either increased again by d 30 or dropped slightly (p. 26). The overall 

trend is one of increasing progestin concentrations, at least through d 30. 

Lambing Number 

Three progestins, 5P-DHP, 5P-Pa-diol, and 3a-5p were all lower 

in ewes carrying singletons and twins than triplets. These concentration 

differences, although relatively inconspicuous at early gestation, may 

reflect a trend that becomes more noticeable later in gestation. There was 

no difference observed between ewes carrying singletons versus twins. 

This evidence, as well as differences detected between breeds (Figure 4.7), 

demonstrates high variability and uncertainty in early gestation lambing 

number prediction. All three progestins that were found to be different, 

however, were of the 5P-pregnane series. 5P-DHP was also identified as a 

good indicator of lambing number prediction at mid gestation and 5 P-aa

diol was a good indicator at late gestation (Miller and Holtan, 1997). This 

may indicate that the placental influence on progestins relating to lambing 

number difference are more highly represented by 5p-pregnanes. 
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Pregnant and Non-Pregnant Ewes 

Three Sa-series progestins and P4 and 20a-P4 concentrations were 

elevated at the first sample collection (d 5) in non-pregnant ewes (n=6) 

compared to pregnant ewes (n=26). This is in opposition to reports which 

indicate that plasma P4 concentrations are similar between early gestation 

and non-pregnant ewes (Short and Moore, 1959, Bassett et al. 1969, 

Bedford et al., 1972). As with the fecal studies in baboons (Wasser et al., 

1996), it initially appeared that fecal detection of ovine pregnancy by d 5 

would be possible. Interestingly, in baboons, elevated fecal progestins 

were detected in conceptive baboons whereas it was the opposite in ewes. 

This may be explained though by the additional observation that it was 

baboons of lower social rank that possessed higher fecal progestins during 

pregnancy to offset the reproductive manifestations of social stress of their 

subordinate rank. As in lower-ranking baboons, less reproductively 

successful ewes may have enhanced progestin concentrations in order to 

overcome physiological or environmental challenges. Both the baboon and 

the ewe exhibit what may be a compensatory mechanism. They are 

different however, and this may be due to the baboon's more developed 

social structure. This results in an endocrine mechanism that is induced 
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first through behavioral stress and then physiologically mediated while the 

ewe's mechanism is more directly mediated by physiological stress. 

As reported earlier (Miller and Holtan, 1997), the Sa-series 

progestins are very inconspicuous in the latter stages of gestation. 

Interestingly, they were conspicuous in the current early gestation 

comparison ofpregnant and non-pregnant ewes. Further investigations 

were carried out to compare ewes that were initially pregnant, to ewes that 

conceived later, to ewes that never conceived. The results were 

confounding. Progestin concentrations of ewes that conceived on the first 

mating were compared to the ewes that conceived at the second mating. 

Ten differences were detected (Figure 4.4). We can conclude that in 

comparing d 5 conceptive groups there were some major differences 

between the groups that may not be related to pregnancy at all, as 

explained below. 

In a comparison of ewes (n=6) that were not pregnant at the first 

mating but were pregnant at the second mating, P5 and 5P-DHP 

concentrations were higher in pregnant ewes (Figure 4.5). But PS 

concentrations were elevated at the second sample collection regardless of 

pregnancy status (Table 4.2). These results generate many interesting 

questions, but, it might be more apparent if early pregnancy detection 

through fecal samples in ewe was possible had a group of similarly cycling 

but un-mated ewes been included in this study. 
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Table 4.2. Concentrations ofP5 (ng/g, wet wt., mean±SE) in the feces of 
ewes that either conceived (n=27) at the first mating or did not conceive 
and were subsequently re-bred (n=9). A subset (n=2) of those ewes still 
did not conceive at the second mating. Arrows indicate comparisons 
between statistical analysis groups (P<.05). 

, Mating 1 Mating 2 

Pregnant 1.9±0.4 ng/g (n=27) ._..... 6.0±0.8 ng/g (n=6) 

Not Pregnant 1.6±0.4 ng/g (n=9) 
0.7±0.1 ng/g (n=2) 01111 ~ 2.8±0.9 ng/g (n=2) 
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It is possible that a second mating upon returning to estrus is 

different than the first mating of the season alone. The ewe may be 

physiologically altered when returning to estrus after copulation versus if 

she simply underwent two estrous cycles. 

The result that P5 was elevated at the second sampling, regardless of 

pregnancy status, supports the theory that once mated, the ewe's 

reproductive system undergoes physiological changes either in preparation 

for pregnancy or for the remainder of the breeding season. Elevated P5 

concentrations may indicate an increase in steroid production overall. 

Alternatively, it may indicate a depression ofmetabolism ofP5 to other 

progestins, leaving P5 concentrations elevated. 

Breed Influence 

There were differences between black and white-faced ewes. 5~

DHP and 20~-Sa were lower in black-faced ewes and P4 and 20a-P4 were 

both higher in black-faced ewes. It is first noticeable that 5~-DHP, P4 and 

20a-P4 are again the progestins which are different between groups. This 

indicates the importance of these progestins, in particular, in the endocrine 

profile of the ewe. The elevated presence of20a-P4 and P4 in the black

faced ewes coincides with the depressed conception efficiency associated 
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with the black-faced breeds. It appears that higher levels of these two 

progestins indicate impaired fertility or lack of readiness for conception. 

Although there are differences in progestin profiles in early 

gestation ewes carrying different numbers of fetuses, concentrations alone 

are not adequate predictors ofprolificacy. CL number was not associated 

with progestin concentrations but a breed effect was detected. It is 

inconclusive whether detection of pregnancy is possible as early as d 5 of 

gestation. 



61 

BIBLIOGRAPHY 

Adams, N. R., J. A. Abordi, J. R. Briegel, M. R. Sanders. 1994. Effect of diet on 
the clearance of estradiol-17P in the ewe. Biol. Reprod. 51:668-674. 

Bassett, J. M., T. J. Oxborrow, I. D. Smith, G. D. Thorburn. 1969. The 
concentration of progesterone in the peripheral plasma of the pregnant ewe. J. 
Endocr. 45:449-457. 

Bedford, C. A., F. A. Harrison, R. B. Heap. 1972. The metabolic clearance rate and 
production rate of progesterone and the conversion of progesterone to 20a
hydroxypregn-4-en-3-one in the sheep. J. Endocr. 55:105-118. 

Brown, J. L., S. K. Wasser, D. E. Wildt, L. H. Graham. 1994. Comparative aspects 
of steroid hormone metabolism and ovarian activity in felids, measured non
invasively in feces. Biol. Reprod. 51:776-786. 

Brown, J. L., D. E. Wildt, L. H. Graham, A. P. Byers, L. Collins, S. Barrett, S., J. 
G. Howard. 1995. Natural versus chorionic gonadotropin-induced ovarian 
responses in the clouded leopard (Neofelis nebulosa) assessed by fecal steroid 
analysis. Biol. Reprod. 53:93-102. 

Casida, L. E. and E. J. Warwick. 1959. The necessity of the corpus luteum for 
maintenance of pregnancy in the ewe. J. Anim. Sci. 4:34-36. 

Chavatte P.M., P. D. Rossdale, A. D.Tait. 1995. Modulation of 3P-hydroxysteroid 
dehydrogenase (3p-HSD) activity in the equiine placenta by pregnenolone and 
progesterone metabolites. Equine Vet. J. 27(5):342-347. 

Deayton, J. M., I. R. Young, G. D. Thorburn. 1993. Early hypophysectomy of 
sheep fetuses: Effects on growth, placental steroidogenesis and prostaglandin 
production. J. Reprod. Fert. 97(2):513-520. 



62 

Dehennin, L., A. Reiffsteck, R. Scholer. 1980. Simple methods for the synthesis of 
twenty different, highly enriched deuterium labelled steroids, suitable as internal 
standards for isotope dilution mass spectrometry. Biomed. Mass Spectrom. 7:493
499. 

Doostzadeh, J., A. Cotillon, R. Morfin. 1998. Hydroxylation of pregnenolone at the 
7a- and 7~-position by mouse liver microsomes. Effects of cytochrome p450 
inhibitors and structure-specific inhibition by steroid hormones. Steroids. 63:383
392. 

Dumasia, M. C., E. Houghton, S. Sinkins. 1986. Development of a gas 
chromatographic-mass spectrometric method using multiple analytes for the 
confirmatory analysis of anabolic steroids in horse urine. I. Detection of 
testosterone phenylpropionate administration to equine male castrate. J. 
Chromatogr. 377: 23-33. 

Edgar, D. G. and J. W. Ronaldson. 1958. Blood levels of progesterone in the ewe. 
J. Endocr. 16:378. 

Eriksson, H., J. A. Gustafsson. 1971. Excretion of steroid hormones in adults. 
Steroids in faeces from adults. Eur. J. Biochem. 18:146-150. 

Fahmy, M. H., F. Castonguay, J. P. Laforest. 1994. Uterine morphology and 
reproductive phenomena in relation to number of embryos at different stages of 
gestation in prolific sheep. Sm. Rum. Res. 13(2): 159-168. 

Garcia, A., M. K. Neary, G. R. Kelly, R. A. Pierson. 1993. Accuracy of 
ultrasonography in early pregnancy diagnosis in the ewe. Theriogenology. 
39(4):847-861. 

Hodges, J. K., R. J. van Arde, M. Heistermann, H. 0. Hoppen. 1994. Progestin 
content and biosynthetic potential of the corpus luteum of the African elephant 
(Loxodonta Africana). J. Reprod. Fert. 102(1):163-168. 

Holtan, D. W., E. Houghton, M. Silver, A. L. Fowden, J. Ousey, P. D. Rossdale. 
1991. Plasma progestagens in the mare, fetus and newborn foal. J. Reprod. F ert. 
Suppl. 44:517-528. 



63 

Holtan, D. W., T. M. Nett, V. L. Estergreen. 1975. Plasma progestins in pregnant, 
postpartum and cycling mares. J. Anim. Sci. 40(2):251-260. 

Houghton, E., D. Holtan, L. Grainger, B. E. Voller, P. D. Rossdale, J. C. Ousey. 
1991. Plasma progestagen concentrations in the normal and dysmature newborn 
foal. J. Reprod. Fert. Suppl. 44:609-617. 

Kaehn, W., B. Kaehn, A. Richter, J. Schulz, M. Wolf. 1992. Sonogrophy during 
pregnancy of sheep: I. Fetometry for determination of gestational age and 
prediction of parturition. Deutsche Tieraerztliche Wochenshchrift. 99(11):449-452. 

Kalkan, C., H. Cetin, E. Kaygusuzoglu, B. Yilmaz, M. Ciftci, H. Yildiz, A. Yildiz, 
H. Devici, A. M. Apaydin, H. Ocal. 1996. An investigation on plasma 
progesterone levels during pregnancy and at parturition in the Ivesi sheep. Acta. 
Vet. Hung. 44(3):335-340. 

Kirkpatrick, J. F., K. Bancroft, V. Kincy. 1992. Pregnancy and ovulation detection 
in bison (Bison bison) assessed by means of urinary and fecal steroids. J. Wildl. 
Dis. 28( 4):590-597. 

Kirkpatrick, J. F., D. F. Gudermuth, R. L. Flagan, J. C. McCarthy, B. L. Lasley. 
1993. Remote monitoring of ovulation and pregnancy of yellowstone bison. J. 
Wildl. Manage. 57(2):407-412. 

Kirkpatrick, J. F., S. E. Shideler, J. W. Turner, Jr. 1990. Pregnancy determination 
in uncaptured feral horses based on steroid metabolites in urine-soaked snow and 
free steroids in feces. Can. J. Zool. 68:2576-2579. 

Larter, N. C., R. Rajamahendren, K. Sivakumaran. 1994. Immunoreactive faecal 
progestins as indicators of reproductive status. Vet. Rec. 134: 474-475. 

Macdonald, I. A., Bokkenheuser, V. D., Winter, J., McLemon, A. M., Mosbach, E. 
H. 1983. Degradation of steroids in the human gut. Journal of Lipid Research. 
24:675-700. 



64 

Marshall, D. E., D. B. Gower, M. Silver, A. Fowden, E. Houghton. 1999. 
Cannulation in situ of equine umbilicus. Identification by GC/MS of differences in 
steroid content between arterial and venous supplies to and from the placental 
surface. J. Steroid Biochem. Mol. Biol. 68:219-228. 

Messier, F., D. M. Desaulniers, A. K. Goff, R. Nault, R. Patenaude, M. Crete. 
1990. Caribou pregnancy diagnosis from immunoreactive progestins and estrogens 
excreted in feces. J. Wildl. Manage. 54(2):279-283. 

Miller, C. W. and D. W. Holtan. 1997. Progestin analysis by gas chromatography/ 
mass spectrometry in plasma and feces of horses, sheep, and cattle. Biol. Reprod. 
Suppl. 56:191 (Abstr.). 

Monfort, S. L., C. C. Schwartz, S. K. Wasser. 1993. Monitoring reproduction in 
captive moose using urinary and fecal steroid metabolites. J. Wildl. Manage. 
57(2):400-407. 

Palme, R., P. Fischer, H. Schildorfer, M. N. Ismail. 1996. Excretion of infused 14C
steroid hormones via faeces and urine in domestic livestock. Anim. Reprod. Sci. 
43:43-63. 

Palme, R., E. Mostl, G. Brem, K. Schellander, E. Bamberg. 1997. Faecal 
metabolites of infused 14C-Progesterone in domestic livestock. Reprod. Dom. 
Anim. 32:199-206. 

Schutzer, W. E., D. W. Holtan. 1996. Steroid transformations in pregnant mares: 
Metabolism of exogenous progestins and unusual metabolic activity in vivo and in 
vitro. Steroids. 61: 94-99. 

Schutzer, W. E., J. L. Kerby, D. W. Holtan. 1996. Differential effect of trilostane 
on the progestin milieu in the pregnant mare. J. Reprod. Fert. 107:241-248. 

Schwarzenberger, F., E. Mostl, R. Palme, E. Bamberg. 1996. Faecal steroid 
analysis for non-invasive monitoring of reproductive status in farm, wild and zoo 
animals. Anim. Reprod. Sci. 42:515-526. 



65 

Seeger, K. H. and P. R. Klatt. 1980. Laparoscopy in the sheep and goat. In: R. M. 
Harrison and D. E. Wildt (Ed.) Animal Laparoscopy. p 107. The Williams and 
Wilkins Co., Baltimore, MD. 

Short, R. V. and N. W. Moore. 1959. Progesterone in blood V. progesterone and 
20a-hydroxypregn-4-en-3-one in the placenta and blood of ewes. J. Endocr. 
19:288-293. 

Short, R. V. 1964. Ovarian steroid synthesis and secretion in vivo. Recent Prog. 
Horm. Res. 20:303-333. 

Taylor, W. 1971. The excretion of steroid hormone metabolites in bile and faeces. 
Vitam. Horm. 29:201-285. 

Thorburn, G. D., J. M. Bassett, I. D. Smith. 1969. Progesterone concentration in the 
peripheral plasma of sheep during the oestrous cycle. J. Endocr. 45:459-469. 

Wasser, S. K., A. de Lemos Velloso, M.D. Rodden. 1995. Using fecal steroids to 
evaluate reproductive function in female maned wolves. J. Wildl. Manage. 59: 
889-894. 

Wasser, S. K., S. L. Monfort, J. Southers, D. E. Wildt. 1994. Excretion rates and 
metabolites of oestradiol and progesterone in baboon (Papio cynocephalus 
cynocephalus) faeces. J. Reprod. Fert. 101:213-220. 

Wasser, S. K., S. L. Monfort, D. E. Wildt. 1991. Rapid extraction of faecal steroids 
for measuring reproductive cyclicity and early pregnancy in free-ranging yellow 
baboons (Papio cynocephalus cynocephalus). J. Reprod. Fert. 92:415-423. 




