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of the estrous cycle in Toggenburg goats. Sonographic evaluations of the ovaries were per-
formed daily in nulliparous goats (n=21), using a 5 MHz linear rectal probe, commencing at
estrus (day 0). Blood samples were collected daily for plasma progesterone RIA and images
recorded on VHS tape and then digitized in TIFF format at a resolution of 1500 x 1125 pix-

Ié?r/;vlfsrﬁ:teum els. A representative elementary area (REA) of 5625 pixels (0.31 cm?) of these images was
Echotexture analyzed using custom-developed software, for mean pixel value and heterogeneity. Mean
Goat plasma progesterone, luteal area and pixels all reached maximum values at approximately
Ultrasound days 13 and 14, during luteogenesis. Luteolysis was characterized by an abrupt decrease

in blood progesterone concentration following ovulation, and a gradual decline in luteal
area and pixel values. The luteal tissue area was positively correlated with plasma proges-
terone concentration during both luteogenesis (r=0.63; P<0.05) and luteolysis (r=0.50;
P<0.05). Weak correlations were recorded between the mean pixel value and luteal tis-
sue area during luteogenesis (r=0.34; P<0.05) and luteolysis (r=0.26; P<0.05). Similarly,
weak correlations between the mean pixel value and plasma progesterone concentration
were recorded during luteogenesis (r=0.24; P<0.05) and luteolysis (r=0.37; P<0.05). The
pixel heterogeneity was not correlated with luteal tissue area or the plasma progesterone
concentration at any stage of the estrous cycle. The results show the association between
the corpus luteum echotexture and steriodogenic function to be weak and the present
ultrasound technology, to have limited potential in evaluating luteal function in goats.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Real-time transrectal ultrasonography (RTU) has shed

light on important reproductive events, and is considered

- to be one of the most significant technological advances
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laparoscopy (Vifioles et al., 2004; Simdes et al., 2005). Thus
morphometric characteristics of the CL (diameter, area or
volume), as measured by RTU in association with plasma
progesterone concentration, have been extensively used to
evaluate CL function in large domestic animals (Veronesi
et al., 2002), and only more recently in small ruminants
(Gonzalez-Bulnes et al., 2000).

An ultrasonographic image is know to be composed
of thousands of picture elements (pixels), that numeri-
cally represent 256 shades of gray (0 =black; 255 =white),
depending on the brightness (Tom et al., 1998). The den-
sity and gross features of the tissue can be assessed by RTU.
However these cannot be quantified by the human eye,
which can only distinguish 18-20 different shades of gray
(Pierson and Adams, 1995). The use of computer algorithms
(computer-assisted analysis) permits a quantitative assess-
ment of the intensity of each pixel present on an image,
allowing an objective evaluation of the CL and thus over-
coming the subjectivity of the visual analyses (Singh et al.,
2003).

In the past, real-time ultrasonography has been used
for the functional evaluation of different tissues, including
testes, ovarian follicles and CL’s. Regarding luteal function,
previous studies on cows and ewes have demonstrated a
relationship between the CL echotexture and the physio-
logical changes during different phases of the estrous cycle
(Davies et al., 2006; Siqueira et al., 2009). However, only
a few studies have been performed using the technique of
computer-assisted analysis to determine luteal function in
goats (Simdes et al., 2007).

The aim of the present study was to establish and
validate a methodology for evaluating goat CL's by
computer-assisted ultrasonographic image analysis, and to
assess its ability in determining luteal function during dif-
ferent phases of the estrous cycle.

2. Materials and methods
2.1. Experimental design, animals and facilities

The experiment was conducted on a dairy goat farm located near
the city of Coronel Pacheco, in the Minas Gerais State of Brazil (21°35'S,
43°15'W, 435 m altitude), during the onset of the natural breeding season
(March and April).

Twenty-three nulliparous Toggenburg goats (Capra hircus), with an
average age of 8 months, a mean live weight of 33.5+ 1.2 kg and mean
body condition score (BCS) of 3.5+ 0.1 (scale of 1-5) (Suiter, 1994) were
used in the trial. Two animals were removed from the experiment due to
follicular cysts. All does used in the trial exhibited natural estrus during a
48-h period and were free of any reproductive abnormalities.

The does were kept as a group in a single pen and fed Napier grass
(Pennisetum purpureum v. Taiwan) and a concentrate. Water and minerals
were available ad lib.

2.2. Ovarian ultrasonographic evaluation

The ovarian ultrasonographic evaluations were performed daily, by
the same technician, from overt estrous identification (day 0), throughout
an estrous cycle (21 days) using a portable ultrasound device (Aloka SSD
500, Aloka Co, Tokyo, Japan), equipped with an adapted linear rectal 5 MHz
transducer. The focus field (F1 and F2) and proximal, distal and total gains
were standardized and uniform throughout the experimental observation
period.

The number of ovulations was determined by the monitoring of folli-
cleslarger than 5 mm after the onset of estrus, and this was later confirmed
by the number of CL's observed by ultrasound. The number and tissue area

of each CL, as well as the presence or absence of a central cavity, was also
recorded. In those does with more than one ovulation, luteal tissue area
was considered as the sum of the luteal area of all CL’s present.

2.3. Image capture and computer-assisted analysis

The capture and image analysis procedures used were as described for
cattle (Siqueira et al., 2009). Image capture was performed by coupling
a video cassette recorder using a co-axial cable and recording a repre-
sentative good quality frozen image on the VHS tape at the SP velocity,
for approximately 10 s. Recorded images were transferred to a computer
equipped with a video capture board and saved in the non-compressed
Tagged Image File (TIFF) format, with a resolution of 1500 x 1125 pixels.

Computer analysis was performed using a custom-developed soft-
ware (Quantporo®), as previously described (Siqueira et al., 2009). Briefly,
the procedure consisted of the selection of a specific region on the CL, fol-
lowed by software calculation of the brightness intensity of each pixel
composing that area - which received a numerical value of between 0
(black) and 255 (white). Images with artifacts, or encoding fluid-filled
cavities or ovarian stroma were excluded from the analyses. Luteal echo-
texture was represented by the mean pixel value and the standard
deviation of this value (heterogeneity).

A minimum representative area (REA) was determined beforehand,
based on the criteria of Van den Bygaart and Protz (1999) and modified
for use in ultrasound images. In the present study, an REA of 75 x 75 pixels
was used - which represents 5625 pixels.

2.4. Blood samples and plasma progesterone concentrations

Blood samples were collected daily via the jugular vein, using vacu-
tainer tubes containing sodium EDTA. Samples were centrifuged at 894 x g
for 20 min at 5°C and the plasma samples then aspirated and stored at
—20°Cin 1.5 ml tubes, until RIA plasma progesterone analyses.

Plasma progesterone concentration was determined by radioim-
munoassay (RIA), using commercial RIA kits (Coat-a-Count®, Medlab) at
the Endocrine Laboratory of the Veterinary Medicine and Animal Science
of the Sdo Paulo State University (UNESP), Brazil. The assay sensitivity
was 0.02 ng/mL, and inter- and intra-assay variation coefficients 2.75%
and 1.87%, respectively.

2.5. Statistical analyses

Outcome variables (mean pixel value and heterogeneity, luteal tissue
area and plasma progesterone concentration) were evaluated for normal-
ity using the Lilliefors test, and analyzed for the main effect of time (day
of the estrous cycle or hours from luteolysis). Due to the expected differ-
ences between does at the time of natural luteolysis, data were analyzed
according to estrous cycle period: luteogenesis (days 0-16), and luteolysis,
which was normalized to the time that plasma progesterone concentra-
tions decreased to <1 ng/mL in each goat (—48 to +72 h from progesterone
<1ng/mL). Daily differences between means were compared using the
Tukey’s test. Correlations between the luteal tissue area and the mean
pixel value, as well as plasma progesterone concentrations and the mean
pixel value were compared using Pearson’s correlation method. The SAS
MIXED procedure (version 9.1.3, SAS Institute, Inc. Cary, NC) was used for
the statistical analysis. A probability of P<0.05 indicated that a difference
was significant, and all results are presented as the mean & SEM.

3. Results

The luteal tissue area progressively increased (P<0.05)
until day 9 of the estrous cycle (1.26 + 0.08 cm?), while no
significant increase was recorded in the subsequent days.
Luteal tissue area reached its maximum value on day 15
(1.65 +0.02 cm?). A time effect was observed regarding the
plasma progesterone concentration and the levels progres-
sively increased until day 9 (P<0.05), reaching a maximum
value on day 14 (8.32 +£0.40 ng/mL) (Fig. 1). Luteolysis was
characterized by an abrupt decrease in the plasma pro-
gesterone concentration, which reflected values of below
1 ng/mL, within 24 h. Luteal tissue area was positively cor-
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Fig. 1. Mean (+SEM) luteal tissue area, pixel value and plasma progesterone concentration during luteogenesis (A and C) and luteolysis (B and D) in goats.

related with the plasma progesterone concentration during
both luteogenesis and luteolysis (r=0.63 and r=0.50;
P<0.05, respectively). As expected, during luteolysis the
plasma progesterone concentration decreased faster than
the luteal tissue area (Fig. 1).

The mean pixel value significantly (P<0.05) changed
throughout the estrous cycle. A progressive increase was
observed until day 13 of the cycle, recording a higher value
than that observed earlier in the estrous cycle. The mean
pixel value decreased 48 h after the onset of luteolysis.
During luteogenesis, the mean pixel value was positively
correlated with the luteal tissue area (r=0.34; P<0.05),and
also with the plasma progesterone concentration (r=0.24;
P<0.05). These correlations were also observed during
luteal regression (r=0.26 and r=0.37; P<0.05, respec-
tively) (Fig. 1). Regarding the CL heterogeneity, neither
a significant change, nor correlations with any parame-
ters were recorded throughout the estrous cycle of the
doe. Double ovulations were observed in 38.1% of the does
(8/21), but there was no significant difference in mean pixel
value or in heterogeneity between does bearing a single or
double CL.

4. Discussion

Luteal dynamics are characterized by a progressive
increase in the luteal tissue area during luteogenesis, fol-
lowed by a plateau phase and later on, by luteolysis. This
CL growth and regression pattern have been previously
described in goats (Orita et al., 2000; Simdes et al., 2005),
and other ruminants, such as cattle (Kastelic et al., 1990;
Siqueira et al., 2009) and sheep (Gonzalez-Bulnes et al.,

2000).The luteal tissue area was correlated with the plasma
progesterone concentration - as the histological and bio-
chemical changes that occurin a CLduring its development,
allow for the synthesis and release of progesterone. In
the present experiment nulliparous does were used as the
experimental model, nevertheless estrous cycle length and
plasma progesterone levels were within the range pre-
viously reported for goats (Simdes et al., 2005), and no
precocious luteolysis occurred. Consequently, the expected
correlation of luteal tissue area with progesterone concen-
tration was recorded, following the same pattern as adult
animals.

During luteolysis, a temporal difference between func-
tional (plasma progesterone) and morphological (luteal
tissue area) regression of the CL was recorded. Plasma
progesterone concentration decreased faster and more
abruptly than the luteal tissue area, which showed a slower
and gradual decrease. This lack of synchrony has been pre-
viously reported in goats (Simdes et al., 2007), cows (Viana
et al., 1999) and sheep (Davies et al., 2006). Presumably,
the decrease in plasma progesterone concentration occurs
due to the vascular changes that occur in the CL, prior
to the onset of natural or induced luteolysis (Acosta and
Miyamoto, 2004), and also to changes in the enzyme sys-
tem that regulates steroidogenesis (Niswender et al., 2000).
Luteal morphological regression as such involves a complex
process of cellular death and tissue remodeling (McCracken
et al.,, 1999).

In the current study, luteal tissue area was related to
the mean pixel values. A positive correlation was recorded
for these two parameters during luteogenesis (r=0.34)
and luteolysis (r=0.26). Changes in the CL mean pixel
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value have been reported to reflect the hypertrophy and
hyperplasia of the luteal cells during luteogenesis, with
the development of a more dense and therefore more
echogenic structure (Davies et al., 2006).

The mean pixel value was also consistently related to
the CL functional status. The changes observed in plasma
progesterone concentration were correlated with changes
in the mean pixel value - increasing during luteogenesis
(r=0.24) and decreasing during luteolysis (r=0.37). The
results of the current study in goats are similar to previous
reports in sheep (r=0.48 for the Western White Face breed
and r=0.26 for the Finn breed), although in this specie the
mean pixel value was not considered to be reliable as a
predictive measure (Davies et al., 2006).

Neither a time effect regarding CL heterogeneity, nor
a significant correlation between this parameter and CL
tissue area or plasma progesterone concentration was
recorded. This trend was also observed in sheep (Davies et
al., 2006), but not in large ruminants (Siqueira et al., 2009).
Demonstrating that, despite a similar CL histological struc-
ture, image analysis procedures cannot be extrapolated
between species. Pixel heterogeneity as such results from
the presence of several cell types (luteal and non-luteal),
thus creating areas of different echogenicity (Duggavathi
et al., 2003). Therefore, heterogeneity is considered to
be a parameter more related to the CL structure than
CL function (Davies et al., 2006). This difference between
species may result from differences in the sonographic
approach to the ovaries. In large ruminants, rectal manipu-
lation allows close proximity of the ultrasound transducer
and the corpus luteum, and this is not always possible in
goats or sheep, and lower quality images may have also
masked the heterogeneity characteristics. Consistent with
this, differences in heterogeneity have been found in ewes
where ovaries were removed and analyzed in a water bath
(Duggavathi et al., 2003).

Computer-assisted image analysis is a technological
extension of reproductive ultrasonography (Singh et al,,
2003). The results of the present study, however, showed
that mean pixel value still has limited potential use as
a parameter, in addition to morphometric measurements
to assess luteal function. The correlations obtained in the
present study may have been related to the technology
used. The ongoing improvement of ultrasound technol-
ogy, such as the development of better definition devices,
equipped with high frequency probes (e.g. Biomicroscopy),
as well as the improvement of computer algorithms with
the use of lacunarity (related to the variation of pixel distri-
bution), may turn luteal echotexture analysis into a useful
diagnostic and predictive tool.

5. Conclusions

The results show that the relationship between CL echo-
texture and steriodogenic function is small and, with the
present ultrasound technology, has limited potential as a
means of evaluating luteal function in goats.
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