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INTRODUCTION

Much interest has recently been shown in using fecal samples to monitor

hormone concentrations in free-roaming animal populations. This process is non-

invasive and, therefore, provides easy sample collection and assures no stress-related,

physiological responses that might alter the hormonal data. Concerns have been

expressed, however, that the hormone concentrations detected in fecal samples may

not correlate with those detected in blood plasma[1]. Since the bulk of our steroid

hormone data has been generated from plasma, this is a legitimate concern when

comparing with fecally derived data. There have been few blood and fecal comparison

studies but, Larter et al. (1994) reported from radioimmunoassays (RIA) that progestin

concentrations in cattle were similar whether obtained from plasma or fecal samples.

Kirkpatrick et al. (1993) have established methods of detecting pregnancy with fecal

RIA and ovulation with fecal enzyme immunoassay (EIA) in Yellowstone bison [2].

Using fecal RIA, Messiers et al. (1990) were able to reliably detect pregnancy after day

50 of pregnancy in free-roaming caribou [3]. These reports indicate that if the

hormones and their concentrations are not similar, they are at least useful in similar

ways as plasma data is. It is only a matter of time until enough fecal data has been

published for there to be an accepted "norm" of hormone profiles in various species.

The impetus for this study is the cross-reactivity of RIA and EIA. Holtan et al.

(1991) reported that even with rigorous sample purification, cross-reactivity is inevitable

when these techniques are used and can significantly alter the data [4]. Others,



including Houghton et al. (1991) and Larter et al. (1994), have expressed the same

concerns [5, 1 ]. The assays, however, are easy to use, inexpensive, and, given the

radical hormone concentration changes throughout pregnancy, they provide enough

data to monitor reproductive status in wild populations.

As an alternative to immunoassay, GC/MS has been used to analyze blood

plasma to identify and quantify hormones. Methods have been established that provide

highly specific hormonal data (ie. elucidation of isomers) and are also sensitive,

accurate, and precise [4]. This study was designed to establish GC/MS methods for

analyzing fecal progestins in horses, sheep, and cattle with GC/MS plasma progestins

serving as a basis for comparison. In addition, sheep plasma was analyzed for

progesterone (P4) by RIA and GC/MS to compare results between these methods in

plasma.

MATERIALS AND METHODS

Animals

Horses (n = 6), dairy cattle (n = 10), and sheep (n = 8) were provided by the

Department of Animal Science at Oregon State University. All sampling followed

Oregon State University animal research protocol and departmental protocol. Samples

were taken from late gestation mares, mid and late gestation ewes, and early, mid, and

late gestation dairy cows. The animals used were accustomed to handling and should

be considered a good representation of their domesticated species.
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Blood Samples

Collection - Blood samples were collected in heparinized tubes (Vacutainer;

Becton Dickson, Rutherford, NJ) from the jugular vein in horses and sheep. With cows,

the tail veins were used. Samples were stored as plasma at -10°C until extracted and

derivatized for analysis.

Extraction - Three ml of plasma from horses and sheep or 5 ml from cattle were

extracted with hexane through Sep-pakTM, solid-phase C18 extraction columns (Fisher

Scientific, Fair Lawn, NJ) and then with ether following established methods [6].

Derivitization - Ketone functional groups were derivitized with 2% methoxyamine

in pyridine to methoxime. Hydroxyl groups were derivitized with N-methyl-N-t-

butyldimethylsilyl-trifluoroacetamide (MtBSTFA; Regis Chemical Company, Morton

Grove, IL) and 5% diethylamine (DEA; Regis) in dimethlyformamide (DMF; Regis) (as a

catalyst) to tert-butyldimethylsilyl (tBDMS) following established methods [4]. Teflon-

lined caps were used on glass storage vials during all extractions and derivitizations.

Fecal Samples

Collection - Fecal samples were collected directly from the rectum and stored at

-10°C in glass vials.

Extraction - One g samples were placed in 15 ml polypropylene centrifuge tubes

with 50 ul of internal standard, 5 ml of hexane, and 5 ml of de-ionized water. At the

same time, one g of the same samples were placed in storage vials for dry matter

evaluation. The tubes were repeatedly inverted for one h on a tilting plate. The tubes

were spun at 500 G for 20 min and frozen upright at -40°C for one h. The steroid-
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containing hexane fraction was then poured directly into Sep-pakT"" cartridges. The

remainder of the method follows the same procedures as were used with the plasma.

Dry Matter Evaluation - Samples were weighed and then dried on aluminum

drying dishes not less than 24 h in a 55°C drying oven (Napco, model 630). The

samples were then transferred to a 135°C oven (VWR Scientific, 1380FM forced air

oven) for two h. Samples were then stored in a dessicator (Boekel, Philadelphia, PA)

until they reached room temperature and were then weighed (Mettler, Princeton, NJ).

Dry weight was divided by wet weight and multiplied by 100 to calculate the % dry

matter. Percent dry matter (mean + SD) for horses, sheep, and cattle were 18.7 ± 2.55,

25.8 + 4.98, and 15.5 ± 2.28, respectively. All fecal data reported are expressed on a

dry matter basis.

Progestin Analysis

Data from all samples were collected and analyzed with Hewlett-Packard Co.

Chem Station Software TM for the Hewlett-Packard Co. (Wilmington, DE) 5890 series II

GC and MS model 5971A. Quantitative analysis was performed in selected ion mode

and full scan mode was used for progestin identification. Up to 24 hormones were

identified and 25 were quantified, eight of which have been previously characterized by

Houghton et al. (1990) and verified by Holtan et al. (1991). Endogenous progestins

which were not previously characterized using these methods were compared with full-

scan spectra of individually-run standards (Sigma). Retention time, mass ions, and

fragmentation patterns were the criteria for comparison.

Deuterium-labelled (D4) internal standards were prepared as described by
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Dehennin et al. (1980)[7]. Standard curves were generated by adding 500ng each of

D4 standards D4-5a-pregnane-3,20-dione (D4-5a-DHP), D4-Pregnenolone (D4-P5),

D4-313-hydroxy-5a-pregnan-20-one (D4-313), and D4-5a-pregnane-313, 2013-diol (D4-1313-

diol) to five vials. To those 5 vials, a range from 125 - 4000ng (for plasma) or 250 -

8000ng (for feces) of non-labelled, 5a-DHP, Progesterone (P4), P5, 313, 20a-hydroxy-

5a-pregnan-3-one (20a), 5-pregnene-313, 2013-diol (P5-1313), 013-diol, and 5a-pregnane-

313, 20a-diol (13a-diol) were added. Standard curves were generated for each of the

compounds with the response ratio (response v. amount added) being used for

quantitation. When any of the above progestins were found endogenously, their

quantitation was accurate. Any of the other endogenous progestins that were found

were quantified aginst the standard curve of whichever progestin was the most similar.

For example, to quantify the hormone 3a-hydroxy-5a-pregnane-20-one (3a-5(X), the

response ratio from D4-313 and 313 was used. The assumption is that similar hormones

under the same extraction and derivitization procedures will be recovered in similar

proportions. The quantities of these hormones are therefore, only close

approximations. For routine testing, these progestins could easily be added to the mix

of standards and standard curves could be generated for each. This would ensure

quantitative accuracy. The mean intra-assay coefficient of variation for our method was

3.0 percent with a range from 6.9 percent for 20a to 1.1 percent for 313. The mean

inter-assay coefficient of variation was 7.6 percent.

Unseparated progestins

Two progestins, 3a-hydroxy-513-pregnan-20-one (3a-513) and 313-hydroxy-513-



pregnan-20-one (30-50) eluted at the same time under our normal GC conditions. We

achieved separation with a slower GC temperature ramp, but we did not consider this

practical for routine analysis. For this reason, 3a-50 and 30-50 are reported as 50's in

this study. Both 50's were present in both plasma and feces of cattle and sheep but

were not detected in horses.

Unidentified Progestins

In this study we found 3 compounds that we have not yet identified. Since they

were found consistently and in notable concentrations we reported them. We assigned

the names 404A, 404B, and 491 A which reflect their identifying major mass ion and

order of elution since two have the same major mass ion. We used the standard curve

for 303 for 404A and 404B and the standard curve for RR-diol for 491A. Because of the

molecular fragmentation patterns and molecular mass we have identified them as

progestins. However, the retention times do not match with the progestin standards

that we have used. The 404 progestins both appear to have a position 20 keto-group

since they also have a mass 100 ion fragment which is a result of the methoxime

derivitive. The mass ion 404 indicates the presence of a hydroxyl group in addition to

the keto-group. It is likely that these progestins have a hydroxyl at a position other than

the 3 position which we normally detect. Assuming the possibility of hydroxyls

commonly found at 17, 6, or 11 positions, we can exclude the possibility of a 17

position active site. Our derivitization scheme is not effective on 17 position hydroxyls

but will derivitize active sites at the 6 and 11 positions. In addition, the presence of

two of these progestins may be a result of an a and 0 oriented hydroxyl at the same
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position. The progestin 491A is a similar mystery with a mass 103 fragment which

indicates a hydroxyl at the 20 position resulting from the TBDMS derivitive. All of the 8

possible 3,20 di-hydroxy-pregnane isomers have been detected in feces and none

elute at the same time as hormone 491A but some have very similar spectra.

Results

Progestins were found in the plasma and feces of horses (Table 1), sheep

(Table 2), and cattle (Table 3). Eight different progestins were detected in both the

plasma and feces of the horse. Four progestins were found exclusively in the plasma

of horses while six were found exclusively in their feces. Cattle and sheep had only one

progestin that was present in the plasma but not the feces. We detected 10 progestins

in sheep and nine in cattle that were present in only the feces. Eleven progestins in

sheep and 10 in cattle were found in both the feces and plasma. Sheep plasma and

feces contained 22 different progestins, the highest total of the species studied. Cattle

and horses had a total of 20 and 18, respectively.

Hormones of extraordinarily high concentrations or those hormones which were

found in the highest concentrations were considered major hormones. Major hormones

(expressed as ng/ml for plasma and ng/g of dry weight for feces) of horses, cattle, and

sheep were identified from late gestation plasma and fecal samples. In horse plasma

the major hormones of late gestation were found to be 5a-(3a-diol (58.7 ± 12.95 ng/ml)

and 20a (51.7 ± 26.57 ng/ml, Table 1). In feces the major hormones were 0(3-diol
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(49,064.0 + 17,956.00 ng/g), 5a-13a-diol (29,379.0 + 13,331.00 ng/g), 30 (22,286.0 ±

8,604.62 ng/g), 404A (21,675.0 ± 5,583.52 ng/g,Table 1). In cattle P4 (4.8 ± 1.17

ng/ml) was the major hormone found in the plasma (Table 3). In feces 513's (6,902.4 ±

2,504.61 ng/g), 50-a.3-diol (6,517.7 + 2,556.27 ng/g), (3(3-diol (3,584.9 ± 1,644.82 ng/g),

and 513-as-diol (2,447.6 + 1,932.52 ng/g) were the major progestins found (Table 3).

In sheep the major progestins found in plasma were 50-as-diol (22.0 ± 13.65 ng/ml)

and P4 (5.3 ± 1.34 ng/ml, Table 2). In feces 513's (13,210.2 ± 6,705.99 ng/g), 513-DHP

(22,279 ± 17,184.11 ng/g), 30 (6,407.3 ± 1,530.04 ng/g), 513-3-one-200 (7,137.8 ±

1,441.30 ng/g), 513-3-one-20a (16,022 ± 4,222.84 ng/g), 50-aR-diol (6,665.0 + 140.43

ng/g), 513-as-diol (19,029.5 ± 2,353.96 ng/g), and P5-1313 (9,712.6 ± 628.48 ng/g) were

the major progestins (Table 2).

The mean of total progestins serves as a comparison between plasma and

feces. The mean of total progestins in horses was 208.64 ± 60.82 ng/ml in plasma and

140,800 ± 40,551 ng/g in feces (Figure 1). Cattle plasma contained a mean of 13.13 ±

3.91 ng/ml and feces contained a mean of 28,735 ± 10,758 ng/g of total progestins

(Figure 1). The plasma and feces of one diestrus cow was analyzed to establish the

concentration of hormones arising from the corpus luteum versus the hormones which

are associated with pregnancy. The total of plasma progestins in the diestrus cow was

11.5 ng/ml while the total of fecal progestins was 8,779.7 ng/g. This indicates that it

might be possible to mistake a diestrus cow for a pregnant cow if analyzing only the

plasma. In feces the concentrations of total progestins are different enough to make

such a mistake improbable. It is important, however, to consider that individual
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hormones may be misleading even in the feces. Mean totals in sheep were 39.85 +

36.15 ng/ml in plasma and 123,600 ± 78,841 ng/g in feces (Figure 1). Diestrus sheep

progestins totalled 4.1 ng/ml in the plasma and 0.0 ng/g in the feces. The amounts of

progestins found in the plasma, expressed as a percentage of progestins found in the

feces, was 0.148% in horses, 0.046% in cattle, and 0.032% in cattle.

Stages of gestation were assigned as early, mid, or late according to their

corresponding trimester of gestation. No allowances were made for animals that were

close to the divisions between trimesters. Therefore, there is much variation in

hormone concentration in animals of the same gestational period. Since only late

gestation horses were used in this study, the mean totals listed above apply (Figures 2

and 3). Mid-gestation ewes had a total progestin mean of 140,640.0 ± 93,115.00 ng/g

in feces (Figure 2) and 45.3 ± 43.31 ng/ml in plasma (Figure 3). Late gestation ewes

had a mean of 95,198.0 ± 49,789.00 ng/g total progestins in feces (Figure 2) and 30.8

+ 25.03 ng/ml in plasma (Figure 3). In early gestation cattle the mean was 30,498 ±

6,656 ng/g in feces (Figure 2) and 12.5 ± 3.12 ng/ml in plasma (Figure 3). Mid-

gestation cattle contained a lower concentration (16,127.0 ± 1,195.00 ng/g) in feces

(Figure 2) and in plasma (9.4 + 0.40 ng/ml, Figure 3). Late gestation cattle had an

increased concentration of total progestins (36,869.0 ± 8,150.00 ng/g) in feces and in

plasma (16.4 ± 3.18 ng/ml) that was higher than in the early gestation cattle. Although

the concentration of fecal progestins is usually higher than the plasma concentration,

certain hormones exhibit this trait more consistently and obviously. f3 -diol in the horse

(Table 1), 3f3 in the'cow (Figure 4), and 50-as-diol in the sheep (Table 2) are
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examples.

One of the most interesting discoveries of this project was the hormonal trends

detected in ewes carrying different numbers of lambs. It was apparent that there were

three distinct concentration plateaus for some progestins in sheep feces. It was also

obvious that certain progestins were better indicators at different stages of gestation

than others. In mid-gestation ewes 50-DHP was found at a concentration of 637,111.0

± 4,944.78 ng/g in ewes carrying triplets, 20,060.0 ± 9,751.05 ng/g in ewes carrying

twins, and 4,607.5 ng/g in a ewe carrying a single lamb (Figure 5). The mean

concentrations of 30 and 5a-(ia-diol were found at any stage of gestation to be

11,758.0 + 4,086.42 ng/g and 14,944.0 ± 88.74 ng/g in ewes with triplets, 4,246.9 +

589.76 ng/g and 8,691.1 ± 3,133.6 ng/g in ewes with twins, and 1,160.5 ng/g and

2,041.2 ng/g in one ewe carrying a single lamb (Figure 6).

RIA and GC/MS were used to detect the concentration of P4 in matched sheep

plasma samples as a way of comparing methods. The mean concentration detected

with RIA was 6.7 ± 2.48 ng/ml and the mean concentration detected by GC/MS was 5.4

+ 2.02 ng/ml (Figure 7). Using a paired T-test these concentrations were not

significantly different (P<.002) and were highly correlated (r=.988).

Discussion

Hormone concentrations in feces are dramatically higher than those detected in

plasma. It is also possible to detect a greater number of hormones in the feces. Fecal
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sampling for steroid analysis is important as a non-invasive technique. It allows

sampling of fragile populations of endangered species which must be studied without

putting the species' viability at risk. It allows the sampling of wild, free-roaming

populations that are dangerous to capture or restrain for pregnancy or estrus detection.

There are also applications for exotic animals at zoos which should be studied as a

source for understanding diversity and commonality in reproductive endocrinology but

that may provide misleading data due to effects of artificial stress unless they are

sampled non-invasively.

Applying GC/MS to fecal samples can be a method for routinely detecting

pregnancy or estrus in free-roaming populations of animals without putting the

collectors or the animals at risk. But it is also a means of studying the endocrine

system. GC/MS makes it possible to study an entire class of hormones instead of only

a few at a time. By amplifying the amount of data available, there is a greater possibility

of elucidating poorly understood reproductive systems in domestic, wild, or exotic

populations. For routine analysis GC/MS may not be as sensitive as well-prepared

immunoassays, but it is more specific. In cattle, to detect many of the low-

concentration plasma progestins with GC/MS, 5m1 of plasma (approximately 1 Oml of

blood) was needed. Collecting 1 Oml of blood from some species may be practical but

certainly would not be from others. Generating standard curves for lower

concentrations and more rigorous sample purification could improve quantitation and

improve sensitivity for low concentration steroids but it is unlikely that GC/MS will ever

be more sensitive in routine applications than RIA. While RIA is used routinely to
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quantify concentrations in the picogram to nanogram range, GC/MS can be used to

routinely quantify numerous hormones in the nanogram to microgram concentration

range. These results indicate that when immunoassays are used to detect hormones in

feces there is a greater chance of cross-reactivity than with plasma analysis due to the

greater number of hormones found in the feces. This problem is confounded by the

dramatically higher hormone concentrations found in the feces. Such that, if there are

hormones of higher concentrations present in the feces than the hormone for which the

RIA was developed cross-reactivity becomes an even greater concern. Consider one

percent unintended cross-reactivity from a fecal hormone that has a concentration of

100 µg/g. If the subsequent calculations do not account for that cross-reactivity an

error of 1000 ng/g could occur. It seems prudent then to cross-check

radioimmunoassays with GC/MS for cross-reactivity as assays are being developed

and validated for different species. It is important to note that GC/MS can further

validate assays which already exist. The results from the sheep plasma P4 detected by

both RIA and GC/MS demonstrates that the methods provide similar results. Error

could be due to standard curves or correction factors. Since there were no 4-pregnene

compounds or even 5-hydroxyl-pregnane-3,20-dione compounds detected in sheep

plasma it is likely that there are no compounds similar enough to P4 to strongly cross-

react.

The number-of progestins and concentrations detected in the feces is

remarkable. This study required the identification of many hormones. The quantitation

and comparison of this many hormones is logistically difficult but very valuable. Since
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very little data have been published that identifies these compounds and establishes

their profiles and roles, it is difficult to concentrate on any specific progestins over

others. In the future there may be less need to study the entire lot of hormones. It is

important now, however, to collect as much matched data as possible to observe

possible relationships among the hormones and finally, to determine their physiological

roles.

In sheep feces, the discovery of three distinct plateaus of certain progestin

concentrations indicated something more than a strange a pattern of variation. It was

apparent that 503-DHP was going to be a lambing number indicator at mid gestation

while 50-as-diol and other pregnane-diols were going to be indicators at late

gestation. When graphically represented it was apparent that 30 and 5a-Ra-diol may

be indicators of lambing number at either mid or late gestation. Further work with

throughout-gestation sampling will be necessary to confirm these trends.

The high number of isomers that can be detected in the feces may be a result of

bacterial metabolism in the gut rather than from the metabolism of the animal studied.

In fact, many of the hormones detected may not even have a physiological role. Our

follow-up work with dueterium-labelled steroids incubated in feces and rumen fluid,

however, indicate that if any metabolism is occurring in the hindgut, or in environments

similar to the rumen it is minimal and could not account for the high concentrations of

steroids detected in the feces. More extensive studies in this area need to be

completed to dismiss the possibility of microbial steroid metabolism in the digestive

tract. It is believable that each of the hormones detected in the feces could have a
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distinct physiological role. But with the similarity of progestins found it is more

believable that groups of progestins bind to common receptors to illicit common

responses.

GC/MS is one of the strongest tools of steroid identification and quantitation

available. Fecal sampling is non-invasive and is applicable in many situations in which

data collection before seemed impractical or unreasonable. With the high number of

steroid hormones in feces, GC/MS is necessary for effective separation, identification,

and quantitation. The two methods combined form a powerful and unique new tool of

assessing endocrine sysems in a variety of applications that were not previously

possible.
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Tablel. Mean + SD concentrations of progestins in plasma and feces of late gestation
horses (n=6).

HORMONE ABBREVIATION PLASMA
NAME

513-pregnane-3,20-dione
5a-pregnane-3,20-dione
4-pregnene-3,20-dione
3a-hyd roxy-5-p re g n e n-20-o n e
404A
3a-hydroxy-5a-pregnan-20-one
3a-hydroxy-53-pregnan-20-one

and
30-hyd roxy-5(3-pregnan-20-one
404B
313-hydroxy-5-pregnen-20-one
313-hydroxy-5a-pregnan-20-one
2013-hydroxy-5p-pregnan-3-one
20a-hydroxy-513-pregnan-3-one
20 3-hydroxy-5a-pregnan-3-one
20a-hydroxy-5a-pregnan-3-one
513-pregnane-3a,2013-diol
5a-pregnane-3a,2013-diol
513-pregnane-33,2013-diol
5a-pregnane-3a,20a-diol
53-pregnane-3a,20a-diol
491A
513-pregnane-3p,20a-diol
5-pregnene-313,2013-diol
5a-pregnane-313,2013-diol
5-pregnene-3p,20a-diol
5a-pregnane-30,20a-diol
`ND - none detected

n /ml

513-DHP ND*
5a-DHP 28.0+10.58
P4 0.3+0.82
3a-P5 0.05+0.12

ND
5a-3a 11.2+3.75

5p's NO

ND
P5 1.7+1.14
313 30.9+9.60
513-3-one-2013 ND
513-3-one-20a ND
5a-3-one-2013 ND
5a-3-one-20a 51.7+26.57
513-ap-diol ND
5a-ap-diol ND
513-1313-diol ND
5a-as-diol 15.8+2.77
513-as-diol ND

ND
513-13a-diol ND
P5 pp 0.8+1.36
pp-diol 8.8+3.30
P5-13a-diol 0.6+0.99
5a-13a-diol 58.7+12.95

FECES

(ng/g_)

ND
2255.2 + 1381.63
ND
165.7 ± 32.21
21,675.0 + 5583.52
ND

ND

1870.9 +1063.06
ND
22,286 ± 8604.62
ND
ND
2707.4 + 2711.77
2755.8 + 2476.80
326.4 + 118.19
3339.5 + 2293.31
ND
3489.8 + 2918.87
ND
1419.7 + 1137.41
ND
64.1+77.55
49,064.0 + 17,956.0
ND
29,379.0 ± 13,331.0



Table 2. Mean ± SD concentrations of progestins in plasma and feces of mid (n=5) and
late (n=3) gestation ewes.

HORMONE MID LATE
NAME

ABBREVIATION
Plasma
(na/ml)

Feces
na/c

Plasma
no/ml

Feces
n

5(3-DHP ND 34,430 ± 28,003 ND 10,128+254
5a-DHP ND 2693.2 + 2436.57 ND 941.1 ± 216.19
P4 6.2+1.55 219.8 + 260.50 4.3+2.28 83.2+72.06
3a-P5 0.9+0.24 149.4 + 131.87 0.4+0.75 285.8 + 259.11
404A ND 1665.7 + 1333.99 ND 1696.0 + 975.69
5a-3a 2.7+0.65 ND 1.6+0.59 ND
5b's 2.3+1.87 17,952 ± 18,805 1.2+1.20 8468.3 ± 3117.31
404B ND 160.5 + 161.19 ND 102.7 + 52.49
P5 3.15+1.37 20.8+46.40 6.3+6.02 77.1+66.84
30 1.1+0.24 7489.2 + 6097.74 0.9+0.38 5325.4 + 2053.77
50-3-one-200 ND 8156.9 + 5092.08 ND 6118.6 + 2318.47
50-3-one-20a ND 19,008 ± 15,259 ND 13,036 ± 5907.26
5a-3-one-20l3 ND ND ND ND
5a-3-one-20a ND 1750.3 + 1365.94 ND 997.6 + 240.54
5(3-a.(3-diol 3.0+1.70 6565.7 + 5853.79 1.5+1.72 6764.3 + 5693.30
5a-a(3-diol ND 265.2 + 385.41 ND 701.8 + 659.24
50-00-diol 1.0±2.05 1627.4± 1170.16 ND 1414.2 + 1171.81
5a-as-diol ND ND ND ND
5R-as-diol 31.6+30.36 17,365 + 15,174 12.3+10.97 20,694 + 18,840
491 A ND ND ND ND
513-pa-diol 2.7+3.20 ND ND 58.1 + 100.70
P5-RR ND 10,157 + 5779.29 ND 9268.2 ± 6338.74

RR-diol ND ND ND 26.7+46.19
P5-pa-diol 0.8+1.55 10939 ± 5302.52 1.1+1.91 8980.8 + 5148.4
5a-13a-diol 1.4+0.97 22.9+2.45 1.2+1.02 30.7+4.13

*ND - none detected



Table 3. Mean + SD concentrations of progestins in plasma and feces of early (n=3),
mid (n=3), and late (n=4) gestation cows.

HORMONE EARLY
NAME Plasma Feces

MID LATE
Plasma Feces Plasma Feces

ABBREVIATION (ng/ml) (ng/ml) (ng/g) (ng/g) (ng/ml) (ng/g)

513-DHP ND 6073.9 + 4454.42 ND 2413.9 + 424.68 ND 2379.8 + 523.22

5a-DHP ND ND ND 32.8+56.81 ND ND

P4 5.0+0.78 ND 3.5+0.89 ND 5.8+1.72 ND

3a-P5 ND 117.3 + 60.21 ND 88.7+31.36 NO 320.2 + 71.05

404A ND ND ND ND ND ND

5a-3a 1.6+0.50 326.3+85.90 1.6+0.80 212.8+32.78 2.8+0.65 640.0+210.42

5b's 3.5+ 1.08 8077.0 + 2186.76 2.0 + 0.15 4026.4 + 667.26 1.5 + 1.80 8603.9 + 2393.70

404B ND ND ND 4.0+6.89 ND 18.2+38.37

P5 0.6+0.10 NO 0.4+0.32 0.8+1.38 1.3+0.17 11.6+23.13

313 0.6±0.10 984.2±215.16 0.4+0.12 582.7+108.57 0.6+0.08 1748.1+477.62

513-3-one-2013 ND 1369.1 + 1270.23 ND 1021.3 + 275.18 ND 1356.8 + 330.18

513-3-one-20a ND 150.9 + 131.39 ND 112.8 + 103.30 ND 377.2 + 254.98

5a-3-one-2013 ND ND ND ND ND ND

5a-3-one-20a NO ND ND ND ND ND

513-a3-diol 0.5+0.81 7030.8+1729.30 0.4+0.40 3743.8+772.85 1.2+0.38 8778.5 + 2299.99

5a-ap-diol ND 240.3 + 13.52 ND 110.5 + 56.53 ND 314.3 + 153.50

513-1313-diol ND 830.5 + 298.63 ND 452.9 + 105.18 ND 1088.6 + 266.45

5a-as-diol ND ND NO ND ND ND

513-as-diol 0-3±0.46 1585.0 + 226.24 0.9+0.42 1096.6+104.94 2.4+1.11 4661.2 + 1448.88

491A ND ND ND NO ND ND

513-pa-diol ND 90.6+59.45 NO 113.2 + 14.31 ND 411.2 ± 129.62

P5-13R ND ND ND ND 0.2+0.35 9.9+19.70

1313-diol 0.3+0.58 3451.4 + 421.41 0.1 + 0.23 2010.9 + 293.42 0.3 + 0.29 5292.4 + 1156.56

P5-13a-diol 0.1 +0.12 4.6+7.98 ND 5.7+5.19 0.1 +0.15 6.9+8.0

5a-pa-diol 0.5+0.07 153.8±23.78 0.3+0.30 80.5+55.12 0.3+0.22 832.0 + 260.77

'ND - none detected
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Figure 1. Total progestins (mean + SD) found in the plasma (ng/ml) and

feces (ng/g; dry weight) of cattle, horses, and sheep.
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Figure 2. Progestin concentration totals (mean + SD)
in the feces (ng/g; dry weight) of late gestation
horses (n=6), mid and late gestation sheep (n=8),
and early, mid, and late gestation cattle (n=10).
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Figure 3. Progestin concentration totals (mean + SD) in the
plasma of late gestation horses (n=6), mid and late
gestation sheep (n=8), and early, mid, and late
gestation cattle (n=10).
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Figure 4. Concentration (mean + SD) of 30-hydroxy-
5cx-pregnan-20-one in cattle plasma (ng/ml)
and feces (ng/g; dry weight) at early, mid,
late gestation, and diestrus.

Conc.
nglg



70000

60000

50000

40000

Conc.
ng/g 30000

20000 -I

10000

Mid
Late

Single Twins Triplets
(n=1) (n=4) (n=3)

Number of Lambs

Figure 5. Concentration (mean + SD) of 50-DHP in the feces
(ng/g; dry weight) of mid and late gestation ewes
carrying a single, twins, or triplets.
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Figure 6. Concentrations (mean + SD) of 3f3-hydroxy-5a-pregnan-
20-one (3(3) and 5a-pregnane-3(3,20a-diol (5a-R(x-diol)
in the feces (dry weight) of ewes carrying 1,2, or 3 lambs.
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