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INTRODUCTION

technique for extraction of reproductive hormones from
feces is an important tool for monitoring reproductive
functions and also for animal ethologists. As a non-invasive

process, it presents several advantages: permits the monitoring of
reproductive physiology under diverse conditions, and samples are
easily collected, transported, and stored.

Several reports show the use of non-invasive fecal
estrogen and progesterone metabolite evaluations for monitoring
reproductive function8 but using a variety of extraction methods
with different solvents. Bamberg; Schaerzenberger1, described
methods to detect progestins from feces of zebras (Equus zebra)
and rhinoceroses (Rhinceros spp) and their methods seem to be
practical and easy. Other authors have published methods to
reduce labor and made limited use of organic solvents9,11. Three
of those methods were used in this study in order to find a practical
procedure for the extraction of progesterone (P4) from feces. In
this study we describe methods for P4 extraction and assay from
feces, using the rabbit as a model. We also observed P4 plasma
profiles during pregnancy to determine if they reflected the total
fecal P4 of pregnant rabbits as compared with ovariectomized
females.

MATERIAL AND METHOD

Eleven sexually mature, 150 days old White New Zealand rabbits,
weighing an average of 2.9 kg were used. Five rabbits were bilaterally
ovariectomized. Thirty days later, six rabbits were mated. This was considered
as Day 0 for the ovariectomized (Group I) and non-ovariectomized (Group
II) rabbits. The animals were maintained in individual cages under standard
laboratory conditions at the Animal Science Section of the Centro de Ener-
gia Nuclear na Agricultura of the Universidade de São Paulo, from January
to April, 1992. Blood and feces’ samples were obtained three times a week,
during a period of 42 days. The blood was withdrawn from central and
marginal veins into heparinized tubes, centrifuged immediately, and the
plasma was stored at -15ºC. Fecal samples were collected in the morning.
They were homogenized and stored at -15ºC. Three methods of P4
extraction were used: Bamberg; Schwarzenberger1; Möstl* and
Desaulniers et al.3 (referred to as methods A, B and C, respectively).
Before removing the subsamples for extraction, the stored samples were
well mixed to avoid steroid variations among individual fecal pellets.

Sample Preparation

Method A: Undried feces (0.5 g) were weighed in glass
tubes. Distilled water (0.5 ml) and methanol (4.0 ml) were added.
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The tubes were shaken on a vortex for 30 min. Petroleum ether (3.0
ml) was added. The tubes were again shaken for 15 sec. and
centrifuged for 30 min. (1500g, 4ºC). To reduce temperature and to
obtain clear separation of the two liquid phases, the tubes were frozen
for 5 min. in a bath of methanol and dry ice. The methanolic phase
(1.0 ml), which formed the lower layer was transferred to capped
vials and stored at -15ºC until assayed by RIA.

Method B: Undried feces (0.5 g) were weighed in glass
tubes, deionized water (2.5 ml) and methanol (1.0 ml) were added
and mixed for 30 min. The tubes were centrifuged for 15 min (1500
g). The upper phase was then transferred to capped vials and stored
at -15ºC for further RIA assay.

Method C: Ground dried feces (0.25g) were weighed in glass
tubes. Deionized water (1.5 ml) and ethyl ether (3.0 ml) were added
to the tubes. They were shaken on a vortex for 4 min. and centrifuged.
The ether layer was transferred into another tube. The same procedure
was repeated twice without adding deionized water. The pooled ether
fraction (9 ml) was evaporated and reconstituted in ethanol (1.0 ml).

Fecal extracts were obtained from Group I and Group II.
They were extracted by the three methods above. Concentrate and
dilution serial (1:2; 1:4 and 1:10) were prepared in phosphate buffer
(0.01M; pH 7.4; 0.01% BSA) and assayed. The final chosen dilution
was 1:4 for methods A and B, and 1:10 for method C. After
appropriate dilution and homogenization, 100 ml of the fecal samples
were used for RIA.

Assays

Measurement of both plasma and fecal levels of P4 were
performed by solid phase RIA, using a RIA-kit (FAO-IAEA,
Seibersdorf, Austria) and 125I-P4 as the tracer. As the RIA-kit was
designed for use with plasma, the fecal standard curve was prepared
adding crescent concentrations of P4 diluted in fecal extract of
castrated male rabbits. The standard curve ranged from 0.25 ng/ml
to 16.0 ng/ml. The curves were tested to verify their parallelism. All
samples were tested in triplicate on the same RIA and were compared
to the standard curve on the same assay. The interassay coefficient
of variation for P4 fecal assays was obtained using three controls.
They had high, medium and low levels of P4 as they were respectively
obtained from a fecal pool of pregnant animals on days D1, D11
and D23 of gestation. The pools were divided equally and used in
every assay. The biological control of RIA was obtained comparing
plasma from ovariectomized and pregnant animals.

Statistics

A factorial design with two factors was used. Factor one
was ovariectomized (n = 5) and non-ovariectomized (n = 6) animals.
Factor two was method of P4 extraction of feces including blood
plasma as a check. Regression analysis was used to find the more
appropriate method of P4 extraction. Linear, quadratic and
logarithmic models were tested to verify the relationship between
P4 profiles from plasma and those from feces extracted by methods
A, B and C. Normal parameters of correlation coefficient (r) and
the F test were used. Hotelling’s T2 test was used to confirm
parallelism between plasma and feces standard curves. Statistical
analysis was performed using SAS10.

RESULTS AND DISCUSSION

Quality control of  RIA

Radioimmunoassay for P4 on plasma had an average
maximum binding (B0/T) of 47.7%. The average of nonspecific
binding (NSB) of the reagents was 5.1%. Twenty zero standard
tubes were processed by the laboratory of origin: 100% for P4,
14% for 11-alfa-hydroxy-progesterone, 5.3% for in a single
assay along with a set of non-zero standards and quality control
samples. From a standard curve obtained using a logit-log plot
and using the mean as the zero point, the apparent progesterone
concentrations were determined at increasing standard
deviations from the mean (0.1 ng/ml) as Midgeley et al.7. The
intra- and inter-assay coefficient of variation for plasma was
6.39% and 8.82%, respectively. The antibody specificity,
expressed by cross reactivity, was given corticosterone, 2.4%
for alfa – hydroxy – progesterone, 3.5% for desoxycorticostero-
ne, 0.02 % for testosterone, 0.02% for androstenedione, 0.01%
for cortisol.

A total of 9 assays measured P4 from feces. The mean
B0/T for fecal assays was 43.6% within a variation of 39.9% and
47.7%. For low, medium and high concentration of P4, the inter-
assay coefficients of variation were respectively 8.7, 6.8 and 15.7.
The intra-assay coefficient of variation was 6.7%. The heterogeneity
of slopes test (SAS10) was applied to the dilution curves to verify
relationship to the P4 standard curve. The results showed parallel
curves (p>0.234) for method A. The analysis of RIA for method A
was satisfactory, allowing use of the results for physiological studies
of P4 on rabbit feces. The slopes tested for methods B and C did
not show parallel results (p<0.049 and p<0.012, respectively) and
the methods were inadequate for P4 studies on rabbit feces in this
experiment.

P4 on plasma

In Fig. 1 the average profile of plasma P4 can be seen,
determined in ovariectomized and non ovariectomized animals,
within the periods before mating, during gestation and after birth.
The levels of plasma P4 agrees with values in studies by others who
used RIA2,4,6. The plasma P4 peak was between D9 and D15.
Hormonal concentration obtained between days D25 and D28 exhibit
a small increase but does not differ statistically from D21. The P4
increase in this period corresponds well with the peak found in other
studies4,6.

P4 on feces

Hormone levels were characterized exclusively by RIA.
Therefore, the concentration obtained may be interpreted as
the sum of both metabolites plus immunoreactive substances
and will be referred herein as total fecal P4. Comparisons of
results from mathematical models of P4 profiles in both plas-
ma and feces are made in Tab. 1. The three methods, denoted
as A, B and C were used. The logarithmic model, suggested by
Wilcox et al.12 gave the best results for method A. This relation-
ship of plasma P4 and feces P4 was statistically significant.
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The correlation coefficient for plasma and feces (Fig. 2) was r =
0.9257 (p<0.01). The calculations were made by accumulating
amount of P4 in plasma and in feces. The biological control of
RIA was evaluated using feces of pregnant and ovariectomized
animals. The fecal P4 profile in method A, using petroleum
ether and methanol as solvents, agreed with both physiological
situations. Animals without ovaries should have basal values
as seen herein. However, the distribution of P4 values in fecal
samples obtained with methods B and C could not be explained
by the tested methods.

Method A: The results obtained from method A
reproduced what was happening in plasma (Fig. 1 and Tab. 2);
probably, due to the better solubility of P4 in the organic solvents.
Because of its high polarity, the methanol may have extracted
other lipids. However, the use of centrifugation and low
temperature probably reduced the interference caused by other
lipids. Compounding this observation, the other solvent used to
extract P4 was petroleum ether. This solvent specifically extracts
P4, excluding some other steroids5 and might allow the method
to extract P4 better to reach a greater specificity for the RIA. The
progestin 20-alfa-0HP is also largely secreted by the rabbit ovary
and extracted by petroleum ether. However, the influence of 20-
alfa-OHP could be restricted by the RIA specificity to P4. Fecal
P4 extraction with this method was easy, did not require special
equipment and was not labor intensive.

Method B: According to Tab. 3, the plasmatic P4 profile
from pregnant animals was reflected on fecal P4 around D10
and D28, when using this method of extraction. However, none
of the mathematical models tested were satisfactory to explain
that observation. Methanol, the most polar solvent used on the
three tested methods, was the only one used in method B.
Probably, with this method other metabolics with similar
solubility of P4 in this organic solvent were extracted and caused
some interference on the RIA.

Method C: This method, using dried feces for P4
extraction, was the most labor intensive due to the different
required steps. It was tested for the advantages it could offer in
regard to transport and conservation of samples. The feces could
be collected in distant locations, dried, and then sent to the
laboratory for RIA assays. The biological evaluation (Tab. 3)
and the parameters considered on the RIA quality control showed
that the method was not valid for the conditions of this study.
The high temperature used to dry the feces could be a possible
explanation for the interference detected on RIA. The heat could
facilitate the breakdown of some compounds into small fragments
that could interfere with the assay as analogous compounds or
metabolites. Under the conditions of this study, methods B and
C did not extract P4 from feces which could reflect ovarian activity
during rabbit pregnancy.

Physiological analysis

Fig. 1 shows a continuous increase of P4 on plasma and
feces, extracted by Method A, until reaching a peak between
D11 and D14. Plasmatic and fecal profiles of P4 then decreased
gradually to D21. Between days D23 and D25 a second
outstanding peak of P4 in feces occurred. It was greater than

D14 and fell sharply after delivery. There was a suggestion of a
secondary peak of P4 in plasma present between D25 and D26,
but the values did not differ statistically from plasmatic P4 at
D21 (p>0.05). Graphically, when the data were pooled within
experimental groups, it was observed that the second peak of P4
on feces happened before the elevation of P4 on plasma. The
anticipation of the second P4 peak in feces may be explained by
the individuality of the animals with some females exhibiting
earlier and higher P4 fecal concentration than others. Steroids
were possibly transferred from plasma and detected on feces
through RIA and can be noticed in Fig. 1 when the P4 profiles
from plasma and feces of pregnant animals were compared. The
results support that there is a discrimination of P4 fecal between
days D4 and D28 for the two studied groups.

Table 2
Values of T test comparing plasma and fecal P4 amounts, extracted
with petroleum ether and methanol using ovariectomized and pregnant
animals. LANA/CENA/USP, São Paulo, March 1992.

ns = non significative;
* = p<0.05; ** = p<0.01; D0 = mating day.

Table 1
Mathematical models tested between plasma (independent variable) and
the P4 extraction methods from feces (dependent variable). LANA/
CENA/USP, São Paulo, March 1992.

ns = non significative; ** = p<0.01.
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CONCLUSION

Determination of P4 from rabbit feces was possible using
methanol and petroleum ether as extraction solvents. Modification
of the profile of plasma P4 was reflected by alterations of P4 fecal

Table 3
Mean concentration and standard deviation (SD) of plasma and fecal P4 observed with different extraction methods, in pregnant animals considering
physiological days. LANA/CENA/USP, São Paulo, March 1992.

Extraction methods: A (petroleum ether + methanol); B (methanol): C (ethyl ether). D0: mate: D31: birth; D-8: P4 mean value of ovariectomized
animals (n = 5) during experimental period; D-5 to D37: mean daily value of pregnant animals (n = 6).

Figure 2
Correlation of P4 in plasma and feces using mean values for P4
concentration in plasma (n = 6) and feces (n = 6), and using petroleum
ether and methanol as solvents (method A).
Feces = e3,196+0.276xlog(plasma), r = 0.926; p<0.01.

Figure 1
Mean P4 concentration in plasma (n = 6) and P4 in feces (n = 6) extracted
with petroleum ether and methanol (method A), considering physiological
days in pregnant (preg.) and ovariectomized (ovar.) rabbits.

concentration occurring during the discrimination of P4 profiles in
feces excreted by pregnant and ovariectomized rabbits from the
second to the 28th day after breeding.
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RESUMO

O propósito deste estudo foi determinar uma metodologia mais prática para a extração de progesterona (P4) das fezes e observar se os perfis
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