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ABSTRACT

In this study, endometrial samples were collected in 14 Nelore cows on days zero (ovulation), five, nine,
thirteen and nineteen of the estrous cycle (biopsy group), and in 15 females these collections weren’t performed
(control group). Biopsies were done on the uterine horn endometrium contralateral to the ovary with corpus
luteum. Blood samples were taken at -24, -16, -8, 0 +8, +16 and +24 hours in relation to progesterone drop
(<Ing/mL, zero moment) and evaluated for 13, 14-dihydro-15-keto prostaglandin F2-alpha (PGFM) by
radioimmunoassay (RIA). Plasma progesterone concentration was determined by RIA every 24 hours. Data
were analyzed by ANOVA using the PROC GLM and MIXED of the SAS. The mean value for PGFM during
the entire period evaluated was greater in the biopsy group. The mean concentration of PGFM at moment zero
was not different between the groups; the mean concentration of PGFM was higher in the biopsy group before
and after the drop in progesterone level. The maximum mean concentration observed was not different between
the groups; however, the mean minimum concentration was different with high values in the biopsy group.
Although the PGFM concentrations were higher in the biopsy group, the biopsy and control groups had similar
length of estrous cycle showing that repeated endometrial biopsy on the side contralateral to the ovary with
corpus luteum does not affect luteolysis and the length of the estrous cycle.
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RESUMO

No presente estudo, foram coletadas amostras endometriais de 14 vacas Nelore nos dias zero (dia da
ovulagdo), cinco, nove, 13 e 19 do ciclo estral (grupo controle), e em 15 fémeas essas coletas ndo foram
realizadas (grupo controle). As bidpsias foram realizadas no corno uterino contralateral ao ovario contendo o
corpo lGteo. Amostras plasmaticas foram coletadas nos momentos -24, -16, -8, 0 +8, +16 e +24 horas em
relacdo a queda de progesterona (<1ng/mL, momento zero) e avaliadas quanto a concentragdo de 13, 14-di-
hidro-15-ceto prostaglandina F2-alpha (PGFM) por radioimunoensaio (RIA). As concentracdes plasmaticas
de progesterona foram avaliadas a cada 24 horas também por RIA. Os dados foram analisados por ANOVA
empregando-se PROC GLM e MIXED do SAS. O valor médio de PGFM durante todo o periodo avaliado foi
maior no grupo bidpsia. A concentra¢do média de PGFM no momento zero ndo diferiu entre os grupos, e foi
maior no grupo bidpsia antes e apds a queda de progesterona. A concentragdo maxima observada ndo foi
diferente entre os grupos, porém a concentracdo minima diferiu com maiores valores observados no grupo
biopsia. Embora as concentragdes de PGFM fossem maior no grupo bidpsia, ambos o0s grupos apresentaram o
mesmo comprimento do ciclo estral, demonstrando que a coleta repetitiva de bidpsias endometriais no corno
uterino contraletral ao ovario contendo o corpo liteo ndo afeta a lutedlise e 0 comprimento do ciclo estral.
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INTRODUCTION

Luteolysis is a physiological event that occurs
between days 15 and 19 of the estrous cycle and
is essential to determine the end of the luteal
phase, growing of an ovulatory follicle and
estrus. The release of endometrial prostaglandin
F2-alpha (PGF2a) occurs in a pulsatile nature
and is essential to induce Iluteolysis and
regression of the corpus luteum (CL) (Okuda et
al., 2002; Ginther et al., 2009). During the early
luteal phase, CL is resistant, however mature CL
becomes responsive to the luteolytic effect of
PGF2a (Miyamoto et al., 2005).

The release of PGF2a occurs in response to
binding of oxytocin to newly developed
receptors in the uterine endometrium (Silvia et
al,, 1991; Mann et al., 1999). Homanics and
Silvia (1988), Silvia et al. (1991) and Goff
(2004) found that in bovine females oxytocin,
progesterone and estradiol-17f act in regulating
the pulsatile secretion of PGF2a.

PGF2a reach CL through a counter current
system between vena uterine and arteria ovarica
(Shirasuna et al., 2004). In the systemic
circulation, PGF2a is inactivated into 13, 14-
dihydro-15-keto prostaglandin F2-alpha (PGFM)
during the first passage through the lungs (Piper
et al. 1970). Thus, the concentration of plasma
PGFM is usually used to evaluate the release of
endometrial PGF2a secretion, once it has a
longer half-life in peripheral circulation (Kindahl
et al., 1976; Granstrom and Samuelsson, 1978;
Kindahl et al., 1984; Mishra et al., 2003).

It has been observed that the occurrence of five
to eight pulses of PGF2a with a duration of 1 to
5 hours in a period of two to three days triggers
luteolysis (Kindahl et al., 1976; Mann and
Lamming, 2006; Ginther et al., 2007). During
luteolysis, the PGFM pulses values range from
150 to 570pg/mL (Kindahl et al., 1976; Kotwica
et al., 1998).

The technique of endometrial biopsy is easy, and
combined with a detailed history, rectal and
vaginal examinations and microbial cultures,
increases the success of the diagnosis, treatment
and prognosis of uterine problems (Manspeaker
and Bois, 1986). Chapwanya et al. (2010)
showed that the use of endometrial biopsy
sampling for clinical or research purposes is a
safe and reliable technique and that these
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biopsies yielded intact endometrial tissue and
nucleic acid suitable for histologic and molecular
analysis.

According to Mann and Lamming (1994),
endometrial sample collection between days 13
and 17 after estrus did not reduce the duration of
the estrous cycle and the release of PGF2a. Thus,
this technique can be applied to obtain
endometrial tissue for studying the physiology of
the estrous cycle.

Then, the hypothesis of this study was that the
endometrial biopsy could be done throughout
the estrous cycle without effects on the
concentrations of PGFM and luteolysis. The aim
of the present study was to determine if
collecting endometrial biopsies throughout the
estrous cycle alters the length of the estrous
cycle, and plasma concentration of PGFM and
progesterone compared to cows not subjected to
endometrial biopsy.

MATERIALS AND METHODS

The experimental protocol (59/2002-CEEA) was
approved by the Animal Welfare and Ethics
Committee of the Veterinary Medicine and
Animal Science College, Sdo Paulo State
University, SP, Brazil.

Twenty-nine cycling Nelore cows, at least 60
days postpartum, 3 to 14 years of age (6.6+0.8,
meanztstandard error, S.E.) and presenting body
score >3, on a scale of 0 to 5, were used.
Animals were fed grass, supplemented with hay
and concentrate twice daily and had access to
mineral supplement and water ad libitum.

For estrus synchronization, cows were
synchronized according to Barros et al. (2000).
Briefly, cows were treated im. with 25ug of
GnRH (Gestran Plus®, Lecirelina, Tecnopec,
Brazil) on the first day, followed by im.
administration of 15mg of prostaglandin seven
days later (Preloban®, D-Cloprostenol, Intervet,
Brazil). After that, ovaries were examined daily
by rectal palpation and ultrasonography (Aloka
SSD 500, Aloka Co. Ltd., Japan, with a 5.0 MHz
transducer) to determine the day of ovulation
(Day 0).

After ovulation, the animals were randomly

divided into two groups: biopsy group (n = 14)
and control group (n = 15) and were subjected to
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ultrasonography daily throughout one estrous
cycle. Fifteen days after ovulation, jugular blood
samples were collected in heparinized tubes by
venipuncture every 8 hours until the next
ovulation. Blood samples were centrifuged at
2500x g for 15 minutes and the plasma harvested
and stored at -20°C for later measurement of
plasma progesterone and PGFM.

Endometrial biopsies were performed
transcervically using a Yomann biopsy nipper
(Hauptner, Solingen, Germany). The collection
of endometrial tissue was performed in the
uterine horn contra-lateral to the ovary with the
corpus luteum. Biopsies were taken on DO, D5,
D9, D13 and D19 of the estrous cycle. During
the biopsy, a single endometrial fragment
approximately 4 to Smm in diameter was
removed. All the samples were collected by the
same person who was trained and experienced in
the technique.

Hormonal  assays were performed by
radioimmunoassay technique. Concentrations of
progesterone were measured in plasma samples
in duplicate using a Count-A-Count kit
(Diagnostics Products Corporation, Los Angeles,
CA, USA) according to the manufacturer's
instructions. Five assays were performed and
intra-assay coefficient of variation was 8.28%
and the inter-assay coefficient of variation was
10.39%.

After the determination of plasma progesterone
concentration, samples from the 24 hours before
(moments -24, -16, -8) and 24 hours after (+8,
+16 and +24) progesterone drop (<Ing/mL,
which was considered the zero moment or the
luteolysis day) were selected for the PGFM (the
principle metabolite of PGF2a) measurement by
the radioimmunoassay (RIA) technique, which
was previously validated for bovine species in
Molecular  Endocrinology and Physiology
Laboratory (LFEM) at the College of Veterinary
Medicine and Animal Science — Sao Paulo
University. All samples were analyzed in
duplicate and intra-assay coefficients of variation
were 1.37%, 2.71% and 11.28% and inter-assay
coefficients of variation were 1.40%, 2.30% and
3.43% for references with 50, 500 and
1000pg/mL of PGFM, respectively.

For statistical analysis, data were analyzed by

least squares ANOVA using the proc GLM and
MIXED models of the SAS package and were
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tested for normality for each variable (Shapiro-
Wilk test) and homogeneity of variances (F test
maximum). Data were log-transformed when
they didn’t obey the premises for the analysis of
variance (PGFM at zero moment - progesterone
<Ing/mL; PGFM before the drop in progesterone
level; PGFM after the drop in progesterone level;
minimum PGFM in each animal and plasma
concentration of PGFM throughout the time).
For the sake of clarity, it was presented as
untransformed least square means + S.E.
Maximum PGFM in each animal, luteolysis day,
PGFM during the evaluated period and plasma
progesterone concentration throughout the time
were analyzed without transformation. Effects of
cow, treatment, time and all interactions were
analyzed.

Mean and standard error (meantS.E.) were
measured for all analyzed variables, and also to
calculate the PGFM at the peak moment for both
evaluated groups. The means were separated by
orthogonal contrasts (Control Group Vvs. Biopsy
Group).

RESULTS

The results are presented in Table 1, Figures 1
and 2. It was found that the average value
(mean+SE) for PGFM during the whole period
was greater in the biopsy group compared with
controls  (81.9£10.8 vs  51.149.8pg/mL
respectively, P<0.05). Although the average
concentration of PGFM at time zero
(progesterone drop <lng/mL) was not different
between the biopsy and control groups
(53.3%£13.5 vs 66.3+£14.6pg/mL respectively,
P>0.05), mean concentration of PGFM was
different between the biopsy and control groups
before the fall of progesterone concentration
(83.4£16.3 vs 55.4+16.4pg/mL respectively,
P<0.05) and after the fall (98.3£19.7 vs
41.448.5pg/mL respectively, P<0.01). The mean
maximum level was not different between the
biopsy and control groups (186.4+30.7 vs
112.6+£21.0pg/mL respectively, p=0.08), while
the average minimum concentration was higher
in the biopsy group compared with controls
(28.4+6.7 vs 12.4+2.8pg/mL  respectively,
P<0.01). On the day of luteolysis, there was no
difference between the biopsy and control groups
(18.3+£1.0 vs 18.3+0.6pg/mL days respectively,
P=0.2) and the estrous cycle length was also
similar between the groups (23.69+0.49, control
group Vs 23.64+0.86, biopsy group, P>0.05).
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Table 1. Mean and standard error (mean+SE) of plasma PGFM values obtained by radioimunoassay from
Nelore cows submitted or not to uterine biopsy sample collection throughout the estrous cycle

. Biopsy Group Control Group
Variables NZ 14 N=15

Mean PGFM (pg/mL) concentration during the evaluated period 81.9+10.8" 51.1+9.8°
Mean concentration of PGFM (pg/mL) on moment zero (P4 <Ing/mL) 53.3+13.5 66.3+£14.6
Mean concentration of PGFM (pg/mL) before the drop in progesterone 83.4416.3° 554416.4°

level
i\é[f:ln concentration of PGFM (pg/mL) after the drop in progesterone 083419 7° 41.448.5
Maximum mean concentration of PGFM (pg/mL) 186.4+30.7 112.6+21.0
Minimum mean concentration of PGFM (pg/mL) 28.4+6.7° 12.41+£2.8°
Luteolysis day 18.29+1.00 18.33+0.63
Means followed by different letters are significantly different (P<0.05)
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Figure 1. Mean plasma concentrations (mean+SE) of PGFM (e, pg/mL) and progesterone (m, ng/mL)
obtained by radioimmunoassay during the evaluated period in Nelore cows not subjected to uterine
biopsy sample collection throughout the estrous cycle (Control Group).
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Figure 2. Mean plasma concentrations (mean+SE) of PGFM (e, pg/mL) and progesterone (m, ng/mL)
obtained by radioimmunoassay during the evaluated period in Nelore cows subjected to uterine biopsy
sample collection throughout the estrous cycle (Biopsy Group).
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DISCUSSION

In this study, luteolysis was observed on day 18
of the estrous cycle in both groups, as reported in
the literature (Okuda et al., 2002; Ginther et al.,
2009). The interovulatory interval observed in
the present study was similar to data reported
earlier in Nelore cows with two and three waves
of follicular growth, 20.65+0.46 and 22.0+0.44,
respectively (Figueiredo et al., 1997), for zebu
cows, 21.0£3 days (Ruiz-Cortés and Oliveira-
Angel 1999) and for gir cows, 21.11+1.76 and
22.65+1.71, with three and four follicular waves,
respectively (Viana et al., 2000).

Although few blood samples were collected, it
was evident from our study that the release of
PGFM occurs in pulses in Nelore cows, as
described in the literature (Okuda et al., 2002;
Ginther et al., 2009).

In the present study, PGFM pulses were
coincident with the fall in progesterone
concentrations, as reported in the literature
(Kindahl et al., 1976; Mann and Lamming 2006)
and the mean values of PGFM observed in the
luteal phase were similar to values reported
before. However, the average values of PGFM
related to the event of luteolysis were lower than
reported data (Kindahl et al., 1976; Kotwica et
al., 1998) for both groups and animals in the
biopsy group had PGFM values that were
occasionally higher than that observed for the
control group and similar to that described in the
literature as depicted in the maximum mean
concentration of PGFM in table 1.

In the current study, a higher concentration of
PGFM was observed in animals subjected to
endometrial biopsy which differs from the study
of Mann and Lamming (1994), where the
collection of biopsies at two-day intervals
between days 13 and 17 after estrus did not
induce any release of PGF2a. Nevertheless, both
studies agree when the length of the estrous cycle
is considered. In both studies the biopsies
procedures did not shorten the length of the
estrous cycle. This difference could be related to
the number of biopsies collected and to the
collection of endometrial samples throughout the
entire estrous cycle, which could favor local
inflammatory responses that could elevate the
plasma PGFM concentrations, but not enough to
alter the length of the estrous cycle.
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The process of endometritis is characterized by
congestion of the mucosa and prominent
leukocyte infiltration with the presence or
absence of discharge from the vagina (Mateus et
al., 2003). According to these same authors,
plasma PGFM concentrations were significantly
higher in cows with severe than with mild
endometritis, which suggests that the plasma
concentrations of PGFM are related to the degree
of endometritis. Other authors (Del Vecchio et
al., 1992; Del Vecchio et al., 1994) observed that
cows with endometritis had significantly higher
plasma PGFM concentrations than that of control
uninfected cows. These data indicate that
uterine infections increase peripheral PGFM
concentrations and suggest a potential use of
PGFM measurement as an indicator of uterine
infection. In the present study, we found that
mean plasma concentrations of PGFM were
higher in the biopsy group, which could be
related to an inflammatory process of the
endometrium.

According to a study reported previously by our
group (Maziero et al., 2013), the presence of
bloody mucus is usually observed after the
removal of the biopsy nippers, and a discrete
mucopurulent discharge was observed in four
animals, but with normal cyclicity. The
occurrence of purulent discharge was observed in
only one animal, which presented enlarged
uterine horns and acyclicity. When the cellularity
of the samples was evaluated, the occurrence of
mononuclear infiltrate didn’t change throughout
the estrous cycle, and the presence of these cells
is probably not related with the biopsy. However,
the polymorphonuclear infiltrate enhanced
significantly throughout the estrous cycle with
maximum values observed on day 13.

The release of PGFM throughout the estrous
cycle was not enough to shorten the estrous cycle
in biopsy group, which could be related to our
biopsy collection method. The collection of
endometrial tissue in the uterine horn contra-
lateral to the ovary containing the corpus luteum
could be responsible for the local release of
endometrial PGF2a in that horn, but PGF2a may
not reach the contra-lateral horn. It has been
postulated that PGF2a enters the ovarian artery
from the utero-ovarian vein, via a countercurrent
exchange mechanism, which allows PGF2a to
travel to the ovarian artery without making it to
the pulmonary circulation where it would be
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enzymatically inactivated in the lungs (Piper et
al., 1970). This hypothesis is supported by
reports done in studies involving partial
hysterectomy and vascular anastomosis studies,
where it was possible to observe that initiation of
luteolysis by PGF2a in many species appears to
be a local effect between each uterine horn and
its ipsilateral ovary (Del Campo and Ginther,
1974).

Thus, it became clear that the endometrial biopsy
increases the release of PGFM, however, this
was not enough to anticipate luteolysis in
females subjected to endometrial biopsy in the
uterine horn contra-lateral to the ovary
containing the corpus luteum.

CONCLUSIONS

In conclusion, the obtained results showed that
repeated endometrial biopsies did not result in
any shortening of the length of the estrous cycle.
Otherwise, this technique induces the release of
prostaglandin F2a, which was measured by
higher concentrations of PGFM in the biopsy

group.
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