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ABSTRACT 

In buffaloes estrus synchronization provides an opportunity for enhanced use of AI; 
however, changes in hormone secretion during synchronization are poorly understood. The 
aim of this investigation was to determine if the concentration of progesterone metabolites in 
feces would correlate with the concentration of progesterone in blood and thus, could be used 
for noninvasive monitoring of the reproductive status in buffalo cows. Additionally, the 
influence of a norgestomet-estradiol treatment (CRESTARTM-ear implant) was investigated. 
According to the clinical examination and the progesterone profile in blood samples during 
the three wks before the treatment, the 17 animals were allotted to 3 groups: 1) CL = presence 
of corpus luteum throughout the period of 3 wks before the treatment (n = 8); 2) CY = cyclic, 
corpus luteum present for less than 3 wks (n = 6); and 3) AE = anestrous, with inactive 
ovaries (n = 3 ). 

In the first group, 4 animals started an estrous cycle after implant withdrawal and 
conceived after natural mating. In the second group one of the cyclic cows showed estrus two 
d after implant withdrawal, the other 3 had a delayed estrus (12 to 16 d). The two cows which 
had had inactive ovaries at the beginning but were cyclic before the treatment started, 
remained cyclic after implant withdrawal but did not become pregnant. The 3 anestrous cows 
of the third group remained anestrous after the treatment. 

The progesterone concentration in blood clearly correlated with the concentration of the 
metabolites in feces. Therefore, this noninvasive method is a valuable tool for determining the 
luteal status, and such information may be useful for developing estrus synchronization 
regimens in buffalo cows. 
0 2000 by Elsevier Science Inc. 
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INTRODUCTION 

In tropical regions, buffaloes have a greater potential as an animal protein source (meat 
and milk) than cattle (32, 33). For successful application of reproductive biotechnology, 
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further studies of the reproductive physiology of buffaloes are needed to establish procedures 
such as AI and embryo transfer. Under subtropical conditions, estrus synchronization provides 
an opportunity for the enhanced use of AI. 

Numerous researchers have evaluated the potential of using a norgestomet-estradiol 
treatment as a tool to synchronize estrus in cyclic and anestrous cattle (4, 5, 6, 16, 27, 28, 29) 
and buffaloes (15, 26, 3 1). Sanchez et al. (18) and Kojima et al. (8) demonstrated that 
synthetic progestins have less activity than progesterone for physiological functions other than 
suppression of e&us. The variable rate of follicular development after synchronous decline in 
plasma progesterone levels is the most limiting factor in achieving synchrony of estrus and 
ovulation (9). 

In order to be able to monitor the corpus luteum function of buffaloes without 
restraining the animals, it would be helpful to measure the concentration of progesterone 
metabolites in feces. Fecal samples can be easily collected without interfering with the 
animals. Therefore, the method of measuring steroid metabolites in the feces has been applied 
for monitoring the reproductive function in a variety of species (for review see 21). However, 
there are great differences even among species of domestic livestock as regards percentage 
and delay of excretion (12). Although steroid metabolites are excreted into the bile in the con- 
jugated form (30), in ruminants the fecal metabolites are present mainly in an unconjugated 
form (12, 21). Using group-specific antibodies, several fecal progesterone metabolites (20- 
oxopregnanes) could be quantified by EIA during the estrous cycle of cattle (22). 

Therefore, the first aim of this study was to determine whether the concentration of 
progesterone metabolites in fecal samples of water buffaloes would reflect the concentration 
of progesterone in blood. A secondary objective of this study was to assess the reproductive 
status of the animals before and after the treatment with CRESTARTM by monitoring 
progesterone profiles in blood and feces. 

MATERIALS AND METHODS 

Animals 

The study was carried out at the buffalo farm related to Sakha Animal Production 
Research Station, Kat? El- Sheikh, Egypt, between September and December 1996. Seventeen 
buffalo cows (Bubalus bubalis) aged 4 to 9 yrs were selected for this study. The animals were 
living in a semi-sheltered open yard with bulls of known high fertility, all under the same 
feeding and management conditions. All cows had a history of normal calving and had no 
clinically detectable abnormalities in their genital tracts. All cows were rectally examined ten 
d before and at the start of the experiment. Some enlargement of the uterine cavity 
(determined by rectal palpation) in cows Numbers 1 to 4 indicated early pregnancy. 

According to the results of the rectal palpation and the blood progesterone profile during 
the 3 wks before treatment, the animals were allotted to 3 different groups: 1) CL = presence 
of corpus luteum throughout the period of 3 wks before the treatment; 2) CY = cyclic, corpus 
luteum present for less than 3 wks; and 3) AE = anestrous, with inactive ovaries. 
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The first group (n = 8) comprised those animals with a rectally palpable corpus luteum 
which was present throughout the 3 wks before implantation (CL). The second group (n = 6) 
had varying functional structures on the ovaries and varying concentrations of progesterone in 
blood during the 3 wks of observation and were therefore regarded as cyclic (CY). The third 
group (n = 3) had no functional structures on the ovaries and did not display clinical signs of 
estrus. The progesterone concentration in blood was well below 1 ng/mL throughout the 3 
wks before treatment. These animals were classified as anestrous (AE). 

Treatment 

CRESTARTM (Intervet, Boxmeer, The Netherlands) consists of 2 components: an 
injection of estradiol valerate (5 mg) with norgestomet (3 mg) and a silicone ear implant 
containing norgestomet (17a-acetoxyl-l l g-methyl- 19-nor-pregn-4-ene-3,20-dione). The 
injection was administered im and at the same time the implant was inserted SC at the outer 
edge of the ear in all animals. After 9 to 10 d the norgestomet implants were removed. Five 
buffalo cows (Numbers 6, 9, 10, 11, and 16) were injected im upon implant withdrawal with 
500 IU of eCG (Chronogest, Intervet, Boxmeer, The Netherlands), as it was reported to 
enhance the ovarian stimulation (15). After norgestomet implant withdrawal, clinical signs of 
estrus manifestation were checked by daily observations for a period of 3 wks. Pregnancy was 
tested by palpation per rectum 60 d after implant withdrawal. 

Blood Progesterone Assay 

Before the treatment, 4 blood samples were collected from the jugular vein of each 
animal at weekly intervals (Day -21, -14, -7, 0). After the treatment, up to 17 blood samples 
were collected from each animal at Days 1, 7, 8, 9, 10, 11, 13, 14, 19, 20, 21, 28, 29, 30, 3 1, 
32 and 37. Blood samples were chilled on ice, transported to the laboratory and centrifuged at 
3,000 x g for 15 minutes. Serum was kept at -20” C until assayed. Progesterone was measured 
using a commercial radioimmunoassay (“Coat-A-Count” progesterone kit; Diagnostic 
Products Corporation, Los Angeles, CA, USA). Intra- and inter-assay coefficients of variation 
were 2.7 and 9.7 %, respectively. The Coat-A-Count progesterone antiserum is highly specific 
for progesterone. 

Assay of Progesterone Metabolites in Feces 

About 10 grams of feces were collected rectally from each animal in small plastic bags. 
The fecal samples were collected at the same time as the blood samples. They were kept 
frozen at -20” C until shipment via air-freight to Vienna. After thawing, progesterone 
metabolites in 0.5 g of fecal samples (wet weight) were extracted by the addition of 1 mL of 
distilled water and 4 mL methanol as described by Palme et al. (1:3). Previous experiments 
showed that the moisture content of ruminant feces was within narrow limits and did not 
influence the steroid concentration (21, 22). After shaking for 30 min, the suspension was 
centrifuged at 2,500 x g for 15 min. An aliquot of the supernatani. was diluted with assay 
buffer and the EIA for 20-oxopregnanes was performed as described by Schwarzenberger et 
al. (20, 23). 
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Statistical Analysis 

The Pearson Product Moment Correlation (Sigma StatTM, SPSS Inc., Erkrath, Germany) 
was used to calculate the coefficient of correlation and the regression line values of 
progesterone in blood and metabolites in feces of the corresponding same-day samples. 

RESULTS 

Animals were allotted to 3 groups retrospectively according to the results of the clinical 
examination and the blood progesterone profile of the 3 wks before the treatment: 1) Group 
CL: Cows 1 to 4 were pregnant as determined by palpation per rectum, which revealed a 
mature corpus luteum and an enlargement of the uterine cavity. Additionally, we found a high 
concentration of progesterone in blood and 20-oxopregnanes in feces. Cows 5 to 8 were 
either having a persistent corpus luteum or they were in the early stages of pregnancy. Cows 1 
to 4 maintained the pregnancy throughout and after the treatment; cows 5 to 8 became cyclic 
after the treatment. 2) Group CY: Cows 9 to 14 had a variation in progesterone profile 
indicating cyclicity before the treatment and they continued to be cyclic after the treatment. 3) 
Group AE: Cows 15 to 17 remained inactive throughout treatment. Table 1 lists the 
experimental design and the clinical data of the 17 buffalo cows. 

Table 1. Experimental design and clinical data of the 17 buffalo cows. 

Status on the day of 
Days from 

Animal implant insertion Group eCG implant 
Status 60 days 

number treatment removal to estrus 
after implant 

removal 

1 Pregnant CL No Pregnant 

2 Pregnant CL No Pregnant 

3 Pregnant CL No Pregnant 

4 Pregnant CL No Pregnant 
5 Cyclic or pregnant CL No 10 to 12 Cyclic 

6 Cyclic or pregnant CL Yes 10 to 12 Cyclic 

7 Cyclic or pregnant CL No 10 to 12 Cyclic 

8 Cyclic or pregnant CL No 10 to 12 Cyclic 

9 Cyclic CY Yes 2 Cyclic 

10 Cyclic CY Yes 16 Cyclic 

11 Cyclic CY Yes 12 Cyclic 

12 Cyclic CY No 12 Pregnant 

13 Cyclic CY No Anestrus 

14 Cyclic CY No Anestrus 

15 Anestrus AE No Anestrus 

16 Anestrus AE Yes Anestrus 

17 Anestrus AE No Anestrus 
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The concentration of progesterone metabolites in feces (as measured by the 
determination of 20-oxopregnanes) followed that of progesterone in blood. According to the 
calculation of the regression line (fecal 20-oxopregnanes = 157 (plasma progesterone) + 144) 
and the coefficient of correlation (r = 0.77; P < O.OOl), there was a high correlation between 
the gestagen values in feces and blood. 

In 13 out of 279 cases the gestagen concentration in feces did not match with the range 
of expected values according to the progesterone levels in blood. These 13 samples were 
omitted from any further statistical analysis. However, in this longitudinal study it was not so 
important to have a high correlation between the concentrations in blood and feces, as for the 
determination of the luteal status of the animals we could use the matching pair of samples of 
either the preceding or the following day. If the 13 aberrant values had been included and the 
predictive value of the gestagen concentration in feces been evaluated, in 4 cases (= 1.4%) 
false positive and in 9 cases (= 3.2%) false negative results would have been obtained. 

At Day 60 after implant withdrawal, palpation per rectum of the cows 1 to 4 proved that 
they were approximately 3 to 4 months pregnant. The blood progesterone concentration of 
the 4 pregnant group CL animals ranged from 4.80 to 8.50 ng/mL (median = 5.50) before, 
2.32 to 7.20 ng/mL (4.16) during, and 1.59 to 6.6 ng/mL (3.53) after the treatment. The 
corresponding values of gestagen metabolites in feces ranged from 521 to 1430 rig/g (836), 
396 to 1551 rig/g (891) and 374 to 2827 rig/g (831), respectively. 

In the other 4 animals of this group (Numbers 5 to 8) the treatment with CRESTAR TM 
interrupted luteal function, as it was shown by an estrus 10 to 12 d after withdrawal of the im- 
plant. The median of the gestagen concentration in these 4 animals was maintained at a high 
level (5.30 ng/mL blood and 935 rig/g feces) during the 21 d before treatment. Clinical data 
revealed that these animals had a mature corpus luteum and no pathological changes in their 
uteri. During the period of norgestomet implantation the median of the gestagen concentration 
was 4.75 ng/mL in blood and 952 rig/g in feces. A sharp decrease in the gestagen 
concentration was observed on Day 4 (Number 8) and on Day 6 to 10 after implant 
withdrawal (Numbers 5 - 7). Animals in this group exhibited signs of estrus 10 to 12 d after 
implant withdrawal, which was in agreement with very low levels of progesterone in blood 
and of its metabolites in feces. All animals conceived after natural mating at the synchronized 
estrus, as could be confirmed by pregnancy diagnosis performed rectally on Day 60 after 
implant withdrawal. 

Only one of 6 animals of Group CY displayed estrus as expected on Day 2 (Number 9). 
Another 3 showed a delayed estrus on Day 12 (Numbers 11 and 12) or Day 16 (Number 10) 
after withdrawal of the implant. The low levels of progesterone in blood (0.25 ng/mL) and of 
fecal 20-oxopregnanes (47 rig/g)) in the first two samples collected from cows Numbers 13 and 
14 as well as the results of the clinical examination pointed towards inactivity of the ovaries at 
that time. However, the increase in the levels of progesterone in blood and metabolites in 
feces on Day -7 revealed that the ovarian activity of these animals occurred without any 
hormonal administration. 
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Figure 1. Concentration of progesterone in blood (ng/mL) and of 20-oxopregnanes in feces 
(ng/g) of buffalo cows, which had consistently high gestagen concentrations before the 
treatment and which a) retained a functional corpus luteum or b) resumed cyclic ovarian 
activity after the treatment. Treatment with CR.ESTARTM started on Day 0 and the implant 
was withdrawn 9 to 10 d later. 

Clinical data and the progesterone profile indicated that one buffalo cow (Number 12) 
had conceived at estrus after treatment. Although the females were living with fertile bulls and 
the progesterone profile indicated they were cyclic before the treatment, the others in this 
group failed to conceive. 

The three buffalo cows in group AE, which upon clinical examination revealed smooth 
inactive ovarian structure before the experiment and had low gestagen levels in blood and 
feces, did not respond to the treatment with CRESTARTM and remained anestrous. The 
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median of the progesterone concentration maintained low levels of 0.19 ng/mL before and 
0.15 ng/mL during the period of treatment. The corresponding levels of progesterone 
metabolites in feces were 66 rig/g and 51 rig/g of feces, respectively. After implant 
withdrawal, the progesterone concentrations remained very low in all samples collected from 
two cows (Numbers 15 and 17) except for two small peaks of 1.15 and 1.45 ng/mL in blood 
on Days 10 and 11 after implant withdrawal, respectively. However, cow 16, which received 
an injection of eCG, showed an increase in the progesterone concentration from 1.59 ng/mL 
on Day 11 after implant withdrawal to 7.30 ng/mL on Day 19, which remained high 
(> 3 ng/mL) for another 4 d and declined afterwards. This increase and decline was reflected 
in the concentration of progesterone metabolites in the feces as well. 
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Figure 2. Concentration of progesterone in blood (ng/mL) and of 20-oxopregnanes in feces 
(ng/g) of buffalo cows, which before the treatment were a) cyclic or b) anestrous. Treatment 
with CRESTARTM started on Day 0 and the implant was withdrawn 9 to 10 d later. 



1014 Theriogenology 

The application of eCG to 5 buffalo cows in this investigation had no effect on their 
reproductive performance. Cow Number 6 returned to estrus within 10 to 12 d after implant 
removal. Cows 9 to 11 started estrus 2, 16 or 12 d after implant withdrawal, respectively, and 
cow 16 remained anestrous as did the other two in that group. 

DISCUSSION 

As the clinical examination 60 d after implant removal verified, 4 of 8 buffalo cows 
which had continuous high progesterone concentrations throughout the previous 21 d period 
maintained the pregnancy after norgestomet-estradiol treatment. The treatment was tolerated 
probably due to the minimal effect of this hormonal therapy on the endogenous hormones. In 
the other 4 animals of this group the CRESTAR TM treatment interrupted the maintenance of 
the functional corpus luteum, which could have been an indication of pregnancy. 

Sheldon (24) described several factors which influence early embryo survival in cattle. 
Favero et al. (4) reported that the administration of estradiol valerate and norgestomet 
implants on Day 21 post insemination caused a severe decrease in the calving rate in beef 
heifers. Only 1 out of 21 (5 %) of the heifers calved according to the initial AI. 

It appeared that, on the basis of the variation in blood progesterone levels, the cows in 
group CY were cyclic before the treatment. The values of progesterone before treatment were 
similar to those obtained by other authors in cyclic buffaloes. Peak concentrations (0.86 to 
4.97 ng/mL) were reported between Days 13 to 16 (1,3, 11, 19,25). 

The delay of displayed estrus after implant withdrawal may be attributed to an 
inhibitory effect of norgestomet on follicular growth and development by suppression of LH 
or FSH secretion. Robinson et al. (17) hypothesized that PRID treatment could inhibit 
endogenous progesterone production by reducing the luteotropic effects of circulating LH. 
The long interval to the onset of estrus after implant withdrawal may reflect the time that is 
necessary for body clearance of norgestomet in the buffaloes. The precision of synchrony of 
estrus depends on the synchrony in follicle development (14), the stage of estrous cycle at 
which the treatment is initiated, and the effects of exogenous progesterone on ovarian 
structures and endogenous hormone production (10). An norgestomet ear implant on the day 
of embryo transfer slightly increased the pregnancy rates in cows and heifers, but did not alter 
the plasma progesterone concentration of pregnant and nonpregnant animals on Days 6 and 7 

(28). 

In anestrous buffaloes, we found only low progesterone levels and these results agree 
with those obtained by previous authors (2, 7). These reports and our results show that 
irregular progesterone profiles indicate disturbances in the normal development of the corpus 
luteum. In summer-anestrous buffaloes kept at 2 levels of management (village vs farm), 
those treated with norgestomet had higher rates of ovulation and conception than PRID treated 
animals. None of the control buffaloes exhibited estrus during the period of the study (26). 
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The concentration of progesterone in blood was reflected by the concentration of 
progesterone metabolites in feces, thereby allowing for the monitoring of the functional stage 
of the corpus luteum with this noninvasive method. A single progesterone analysis does not 
provide sufficient information to evaluate the ovarian status accurately. However, 
progesterone profiles obtained from a series of samples taken over a period of time give good 
evidence of the reproductive status of the animals. Therefore, in our study weekly samples 
were taken for a period of 3 wks before the treatment. It is not easy to obtain blood samples 
from buffalo cows under farm conditions or in the field, and the ovary of buffalo cows is 
rather small and difficult to palpate rectally. Therefore, the use of fecal samples for 
monitoring luteal activity would be advantageous. Another method of noninvasive monitoring 
of ovarian activity or pregnancy is the determination of progesterone in milk samples or in 
urine. However, milk samples are not available from nonlactating animals and it is simpler to 
collect feces than urine. Nevertheless, the extraction of gestagen metabolites from fecal 
samples and the quantification by a relevant EIA using group specific antibodies (13, 2 1, 22) 
requires a specialized laboratory, limiting the applicability of this method to research projects 
and well organized logistics of the transfer of samples and results. 

In conclusion, the utilized CRESTAR TM treatment was not effective in synchronizing 
estrus in buffalo cows, since only 1 of 6 cyclic animals responded with an estrus 2 d after 
implant withdrawal and the treatment had no effect in any of the 3 anestrous buffalo cows. 
According to our results, the determination of progesterone metabolites in fecal samples of 
water buffalo cows enables the monitoring of the ovarian activity (corpus luteum function). 
Such information may be useful for developing estrus synchronization regimens in buffalo 
cows. 
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