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ORIGINAL

Follicular and luteal morphometry, progesterone
concentration and early gestation in Holstein cows (Bos
Taurus) at high altitude in the tropics (Colombia)
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ABSTRACT

Objectives. The aim of this study is to evaluate the relationship among ovulatory follicle (OF) size,
corpus luteum (CL) volume, and progesterone (P4) serum levels with pregnancy success. Materials
and methods. Nineteen Holstein cows located in Bogota, Colombia with a history of 2 to 6 previous
calving were used in the study. Following 40 day postpartum, two consecutive phases were evaluated
as follows: 1) estrous cycle; 2) early pregnancy or return to estrus after Artificial Insemination (AI).
Ultrasound exam was performed twice daily after first sign of estrus to evaluate OF diameter and
CL volume, and serum P4 levels were evaluated on days 6, 9, 12 and 15 after ovulation. Cows were
inseminated 12 hours post estrus signs and pregnancy was diagnosed 30 days post Al. Results.
47.36% of the cows were diagnosed as pregnant after AIL. Pregnant cows had smaller OF diameters
(17.85£2.39 mm) than non-pregnant females (21.10+2.86 mm) (p<0.05). Cows with smaller OF
were more likely to become pregnant (OR=0.624, IC=95% (0.4-0.9) (p<0.05). There were non
significant differences in the CL volume (p=0.10) and P4 serum values (p=0.39) between pregnant
and no pregnant cows on days 6, 9, 12 and 15 post ovulation. Serum P4 levels were not correlated
to CL size and reproductive status. Conclusions. This study shows that there was not significant
difference in serum P4 levels and the CL volume when comparing pregnant with non-pregnant cows. A
relationship was found between the OF diameter and the CL volume. Small OF diameter was a factor
associated with early pregnancy.

Keywords: Estrous cycle, follicular dynamics, ovary, postpartum, pregnancy, reproduction (Source: CAB).

RESUMEN

Objetivo. Evaluar la relacion entre el diametro del foliculo ovulatorio (FO), el volumen del cuerpo
liteo (CL), los niveles séricos de progesterona (P4) con el éxito de la gestacion. Materiales y
métodos. En 19 vacas Holstein que habian tenido 2 a 6 partos ubicadas en Bogota, se evaluaron dos
fases consecutivas a partir del dia 40 postparto, la primera correspondio al ciclo estral y la segunda
correspondio a la gestacion temprana o repeticion de celo. En cada fase se detecto el celo, se realizd
ultrasonografia para evaluar el diametro del FO, confirmar ovulacion, y el volumen del CL los dias 6,
9, 12 y 15; en estos dias también se evalud los niveles séricos de P4. En la segunda fase se realizd
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inseminacién artificial (IA) y se diagnosticé la gestacién 30 dias post-IA. Resultados. El 47.36%
de las vacas se diagnosticaron como gestantes y el 52.63% como no gestantes. Las gestantes
presentaron didmetros de FO menores 17.85+2.39 mm al de las no gestantes (21.10+2.86 mm;
p<0.05). Las vacas que presentaron diametros de FO mas pequefios tuvieron mayor posibilidad de
quedar gestantes (OR=0.624, IC=95% (0.4-0.9) (p<0.05). Los animales gestantes y no gestantes
presentaron similares volimenes de CL (p=0.10) y niveles séricos de P4 (p=0.39) los dias 6, 9, 12y
15. Conclusiones. No hubo diferencias en los niveles séricos de p4 y el volimen del CL. Vacas con
FO de menor didametro tuvieron mayor probabilidad de gestacién. Otras variables como CL y niveles
de P4 no fueron predictivos del éxito de la gestacion.

Palabras clave: Ciclo estral, dindmica folicular, ovario, postparto, prefez, reproduccion (Fuente: CAB).

INTRODUCTION

In ruminants, a successful pregnancy depends on
complex interactions between the mother and the
conceptus in the genital tract of the female (1).
During maternal pregnancy recognition, the viable
embryo must be able to interrupt the luteolysis with
the production of Bovine trophoblastic interferon,
and promoting the action of a functional CL that
synthesizes adequate levels of P4 (2), a hormone
that plays a vital role in early gestation, since it
stimulates and maintains the functions necessary
for the growth of the conceptus, implantation and
placentation (3,4).

An OF with appropriate size can become, after
ovulation, a functional CL that will secrete P4
with a positive effect on the establishment of
pregnancy (5,6). Although the results from
different studies have been variable and
contradictory (7-10). Other studies suggest that
there is no association of the diameter of the
ovulatory follicle, size of the CL, serum levels of
P4 with pregnancy rates (11,12).

Given the wide variation in the abovementioned
results, it was considered worth to evaluate OF
diameter, CL volume, serum progesterone levels
and their possible relationship with the estrous
cycle and success of pregnancy, under the
specific environmental conditions in the Sabana
of Bogota (Colombia), at an altitude of 2565
meters above sea level, average temperature of
13°C and relative humidity of 80-85%.

MATERIALS AND METHODS

Location and animals. The study was conducted at
the Marengo Agricultural Center of the Universidad
Nacional de Colombia, located Bogota-Mosquera,
with an altitude of 2565 meters above sea level.
Average annual temperature of 13°C, with
fluctuations between 4°C and 20°C, a relative
humidity of 80% to 85% (13).

INTRODUCCION

En rumiantes, el éxito de la gestacién depende
de complejas interacciones entre la madre y el
conceptus en el tracto genital de la hembra (1).
Durante el reconocimiento materno de la prefiez
el embrién viable en el Utero debe ser capaz de
interrumpir la luteolisis mediante la secrecion del
interferon trofoblastico bovino, inhibiendo la sintesis de
prostaglandina y promoviendo la accién de un cuerpo
liteo (CL) funcional que sintetice niveles adecuados
de progesterona (P4) (2), la P4 juega un papel vital
en la gestacion temprana, al estimular y mantener las
funciones necesarias para el crecimiento del embridn,
implantacién y placentacion (3,4).

Un FO de un adecuado tamafio puede generar un
CL funcional que va a secretar mas P4 por lo tanto
tiene un efecto positivo en el establecimiento de
la gestacion (5,6); aunque los resultados han sido
variados y contradictorios, algunos autores indican
que existe un rango optimo de tamafio folicular en
el que se puede llegar a altas tasas de gestacion (7-
10). Otros estudios sugieren que no existe asociacion
entre el didametro del FO, tamafio del CL, niveles
séricos de P4 y porcentajes de prefiez (11,12).

Dada la amplia variacién de los resultados
anteriores, se considerd necesario evaluar el
didmetro del FO, volumen del CL, niveles séricos
de P4 y establecer su relacion en el ciclo estral
y la gestacién temprana bajo las condiciones
medioambientales de la Sabana de Bogota
(trépico alto Colombiano), altitud (2650 msnm),
temperatura (13°C) y humedad (80-85%).

MATERIALES Y METODOS

Sitio de estudio y animales. El trabajo
experimental se realizé en el Centro Agropecuario
Marengo de la Universidad Nacional de Colombia,
ubicado en Mosquera (Cundinamarca, Colombia),
con una altitud de 2565 msnm y temperatura
promedio de 13°C, (rango 4-20°C), humedad
relativa 80 a 85% (13).
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Nineteen Holstein cows with a history of 2 to
6 previous calving and a body condition >2.5
(1=thin, 5=0bese), were used in the study, under a
rotational grazing system. The cows are maintained
under appropriate welfare conditions as a part of a
herd health program.

Cows were found with good sanitary conditions,
with the current vaccination plan (Brucellosis and
foot-and-mouth disease). At the beginning of the
experiment, only the females that did not present
clinical reproductive pathologies such as metritis,
endometritis, follicular or luteal cysts among others,
were selected; which was determined through
visual inspection of the external reproductive
organs, rectal palpation, ultrasonography and
vaginoscopy.

Cows enrolled in the study were evaluated
starting 10 days postpartum. Rectal palpations
and trans-rectal ultrasound were performed in
order to determine return to cyclicity, absence
of reproductive pathologies and the occurrence
of one regular estrus cycle. From 40 days
post-partum on, only cows which completed
the abovementioned conditions were selected
(14), they were enrolled in the study. Heat
detection, rectal palpations, ultrasound, and
blood sampling, to evaluate serum levels of P4,
were performed as explained below.

Estrus Detection. The detection of estrus was
achieved by visual observation performed four times a
day by the same persona throughout the experiment.
The observation periods were as follow, from 6:00 to
7:00 am, 12:00(noon) to 1:00 pm, 5:30 to 6:30 pm
and from 9:00 to 10:00 pm. The beginning of estrus
was determined when a cow showed restlessness,
attempt to mount other females or permit them to
do so, licking and sniffing of external genitals, or the
presence of vulvar mucus; estrus was determined
when a cow repeatedly allowed to be mounted by
other females (15).

Rectal Palpation and Trans Rectal Ultrasound
examination. Ultrasound was performed by an
expert professional throughout the experiment
with a Pie-medical Aquila Pro Vet ultrasound
scanner, equipped with a 7.5 MHz linear trans
rectal transducer.

From the 40t postpartum day on, two consecutive
phases were evaluated, the first phase corresponded
to the first estrous cycle and was defined as the
lapse between the presentation of the first and
second estrus (Day 0), following the latter all
the cows enrolled were inseminated. The second
phase corresponded to early gestation or return to
estrus starting on Day 0. Pregnancy diagnosis was
performed on day 30 (Figure 1).

Se seleccionaron animales que parieran entre
agosto de 2013 y junio de 2014. La muestra
consistido de 19 vacas Holstein entre 2 a 6
partos, con condicion corporal > 2.5 (1=delgada,
5=o0besa) y permanecieron bajo un sistema de
pastoreo rotacional, con condiciones de salud y
bienestar adecuadas.

Las vacas fueron encontradas con buenas
condiciones sanitarias, y con el plan vacunal
vigente (Brucelosis y Fiebre aftosa). Al iniciar
el experimento solamente se seleccionaron las
hembras que no presentaron patologias clinicas
reproductivas como metritis, endometritis,
quistes foliculares o luteales entre otros; el
estatus de salud de los animales se determind por
medio de un examen clinico general, la inspeccion
visual de los dérganos reproductivos externos,
palpacidn rectal, ultrasonografia y vaginoscopia.

Desde el dia 10 posparto se realizd palpacién
rectal y ultrasonografia a todas las hembras
para determinar el restablecimiento de los ciclos
ovaricos (presencia de un CL en los ovarios),
y ausencia de patologias uterinas postparto.
Solo se seleccionaron las vacas que al dia 40
postparto cumplieran con los anteriores criterios
de inclusién. El experimento inicié a partir del
dia 40 postparto (14) y se realiz6 mediante
identificacion de celos, palpaciones rectales,
ecografias, y toma de muestras sanguineas para
evaluar niveles séricos de P4.

Deteccion del estro. La deteccion del estro se
realizé por el método de observacion visual y por
el mismo operario durante todo el experimento,
cuatro veces al dia, de6a7am, 12a 1 pm, 5:30
a 6:30 pm y de 9 a 10 pm; se consider6 como
inicio de celo cuando una vaca presentd signos
como inquietud, intento de monta a otras hembras,
lamido y olfateo de los genitales externos, o
presencia de moco vaginal; el inicio del celo fue
definido como la permanencia de un animal para
ser montado por otro u otros animales durante
algunos segundos y en varias ocasiones, conducta
denominada monta estatica (15).

Palpacion rectal y ultrasonografia. La
ultrasonografia fue realizada por un profesional
experto durante todo el experimento, se usé un
ecografo marca Pie-medical Aquila Pro Vet, con
transductor rectal lineal de 7.5 MHz.

Los animales seleccionados fueron seguidos
hasta que se detectara el primer celo después de
los 40 dias postparto. Este celo se considero¢ el dia
cero para el inicio del estudio y la informacion se
normalizé a partir de este estro. Se analizaron dos
fases consecutivas, la primera fase correspondid
al ciclo estral y fue definida como el lapso que
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Ultrasound examination was performed at the
first signs of estrus and subsequently repeated
every 12 hours until ovulation was confirmed
defined as the OF disappearance and the
subsequent appearance of a CL. The largest
diameter of the OF was recorded for analysis
(Figure 1).

Additionally, ultrasound was performed on days
6,9, 12 and 15 of each phase in order to evaluate
the diameter of the CL in mm. Cl Volume was
calculated with a formula previously reported
(11) as follows, 4/3 x n x r3, in which the value
of n (3.1416) is a constant and r corresponds
to the radius (diameter divided by 2) of the size
of the CL. For CL with a cavity, the volume was
calculated with the same formula and the volume
of the cavity was subtracted from volume of the
luteal tissue. A functional CL was considered as
such when serum levels of P4 on day 6 after
estrus were greater than 1 ng/ml (11).

Pregnancy diagnosis was performed on day 30
post AI. A cow was considered pregnant when
there was presence of amniotic fluid and an
embryo with a heartbeat (11).

Blood samples and hormonal analysis.
The serum P4 levels of days 6, 9, 12 and 15
of the two consecutive phases were analyzed.
Subsequently, ELISA technique with a "DS-EIA-
Steroid-progesterone” kit, RH-351, (Italy) was
used for the quantification of serum P4 levels. The
serum levels of P4 were adapted to the test by
standardizing the curve, taking into account what
was reported by the literature in bovines (14).
The test had a lower sensitivity limit of 0.1 ng /
ml and an inter-assay and intra-assay variation
coefficient of 4.2% and 3.6% respectively.

transcurrié entre la presentacion del primer (dia
0 del ciclo) y segundo celo (IA); la segunda fase
inicid con el segundo celo en el cual se realizé
inseminacion artificial (IA) a todas las vacas.
Esta fase incluyd vacas que se diagnosticaron
gestantes 30 dias después del servicio o aquellas
que repitieron celo regular o irregularmente
(Figura 1). La IA se realizd 12 horas después
de detectado el celo con semen congelado de
casa comercial (ABS) y asignado a cada vaca de
acuerdo a su evaluacion lineal (Figura 1).

Tanto en el primer como en el segundo celo (en
el cual se realizd IA) se realizd examen ecografico
con el fin de determinar el didmetro maximo en
mm del FO (foliculo observado a la ultrasonografia
desde la manifestacién de celo hasta la ovulacion)
y posteriormente se repitié cada 12 horas
hasta confirmar la ovulacidn, definida como la
desaparicion del FO y la subsiguiente aparicion de
un CL; el mayor diametro del FO observado fue el
que se tuvo en cuenta para realizar el respectivo
andlisis (Figura 1).

Adicionalmente se realizaron mediciones
ultrasonograficas los dias 6, 9, 12 y 15, después
de cada celo, con el fin de evaluar el diametro
del CL en mm y de acuerdo con esta medida se
calculd su volumen (11). Para ello, se empled
la formula 4/3 x n x r3, en la que el valor de n
(3.1416) es una constante y r correspondiod al
radio (didmetro dividido en 2) del tamafo del
CL. En los CL con cavidad, el volumen de ella se
calculd con la misma férmula; del volumen del
tejido luteal se restd el de la cavidad y de esta
forma se obtuvo el volumen del CL. Se considerd
CL funcional cuando los niveles séricos de P4 en
el dia 6 posterior al celo fueron mayores a 1 ng/
ml (11).

| 15t phase | 2" phase |
Day 0 6 9 12 15 21/0 6 9 12 15| 21 30
15 estrus Us 2"d estrus g: Return to Pregnancy
Us P4 Us estrus diagnosis
OF OF
Hrg 0 12 24 36 Hrs 0 12 24 36

=

Figure 1: Methodology used in the two phases

=

Ovulatory follicle (OF), progesterone (P4), ultrasound (Us), hours (Hrs)
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Statistical analysis. For the statistical analyzes
of the two consecutive phases, data was
normalized to the estrus manifestation day
(day 0), and for days 6, 9, 12 and 15 of each
phase. The information obtained from each
of the variables was initially analyzed using
descriptive statistics with mean values and
standard deviation (SD). Animals with 2 and 3
follicular growth waves were compared using the
Student’s t test (16).

Subsequently, a general linear model of repeated
measures was used, in which the repeated
measurements were on days 6, 9, 12 and 15,
and the variables were: serum levels of P4
and CL volume. The presence of significant
differences among the levels were analyzed with
the orthogonal polynomial test and normality was
evaluated according to Scheffe’ test (16).

The relationship among independent continuous
variables: volume of CL, OF diameter, interval from
the beginning of estrus to ovulation, interval from
the beginning of estrus to AI, P4 serum levels in
relation to independent variable reproductive status
(pregnant, non-pregnant on day 30 after the AI),
was determined by binary logistic regression. The
strength of the association was estimated through
the odds ratio (OR) calculation. To determine the
relation between OF diameter, Iuteal volume and
serum levels of P4 in each cycle, linear regression
analysis was used. All p<0.05 were considered
significant. The statistical software used was SAS
9.3 program (SAS 2002 Institute, Cary, NC, USA)
and SPSS® version 22.

RESULTS

Follow-up of the first phase: estrous cycle.
On average, first heat was observed on day
61.36+26.7 postpartum and the duration of the
correspondent cycle was 22.94+1.8 days (mean =
SD) with a range between 21 to 26 days. 47.36%
(9/19) of the animals presented 2 waves of follicular
growth, of which 66.6% (6/9) had an estrous cycle
duration of 21 days and 33.3% (3/9) of 22 days.
Cows with 3 follicular waves (52.63% (10/19)) had
estrous cycle duration of 23 days (30% (3/10)), 24
days (20% (2/10)), 25 days (30% (3/10)) of and
26 days (20% (2/10)) (Figure 2).

There were no significant differences in the
OF diameter among animals that presented 2
follicular waves and those of 3 follicular waves
(p>0.05, Table 1). The time elapsed between the
beginning of estrus and ovulation was on average
of 27.66%6.32 h. for cows with 2 follicular waves
and of 28%6 h. for cows with 3 waves (p>0.05),
with a range between 21 at 36 h.

La gestacion se diagnostico como positiva el dia
30 post IA, por la deteccion de liquido amniotico
y el latido cardiaco embrionario (11).

Muestras de sangre y analisis hormonal.
Los niveles séricos de P4 se midieron en los dias
6, 9, 12 y 15 de cada fase, por la técnica de
ELISA con un kit "DS-EIA-Steroid-progesterone”,
RH-351, Italia. Los niveles fueron adaptados
al ensayo mediante la estandarizacion de la
curva, teniendo en cuenta lo reportado por la
literatura para bovinos (14). El limite inferior de
sensibilidad fue de 0.1 ng/ml y el coeficiente de
variacién inter-ensayo e intraensayo de 4.2% vy
3.6% respectivamente.

Analisis estadistico. Para los analisis
estadisticos, se normalizaron los datos a partir
de la manifestacion de celo en las vacas (dia 0),
posteriormente se tuvo en cuenta los dias: 6, 9,
12 y 15 de cada fase. La informacion obtenida de
cada una de las variables inicialmente se analizé
utilizando estadistica descriptiva. Se compararon
los resultados de los animales de 2 y 3 ondas
de crecimiento folicular mediante la prueba t de
Student (16).

Posteriormente se utilizd el modelo general lineal
de medidas repetidas, en donde aquellas fueron los
dias 6,9, 12y 15y las variables respuestas fueron:
niveles séricos de P4 y volumen del CL. La presencia
de diferencias significativas entre los niveles se
analizd con la prueba de polinomios ortogonales
y se evaludé normalidad de acuerdo con la prueba
de Scheffe (16).

La relacion de las variables continuas independientes,
volumen del CL, didmetro del FO, intervalo del
inicio del celo a la ovulacién, intervalo del inicio del
celo a la IA, niveles séricos de P4, con la variable
dependiente, el estado reproductivo (gestante, no
gestante) al dia 30 después de la IA, se determind
mediante regresion logistica binaria. La fortaleza de
la asociacion entre las variables se estimo a través
del célculo de “odds ratio” (OR). Para determinar
la relacion del diametro del FO, volumen luteal
y niveles séricos de P4 en cada ciclo, se utilizd
andlisis de regresion lineal. Todo valor p<0.05 fue
considerado significativo. Todos los procedimientos
fueron realizados con el programa SAS 9.3 (SAS
2002 Institude, Cary, NC, USA) y SPSS® version 22.

RESULTADOS

Seguimiento de la primera fase: ciclo estral. Una
vez se identificd el celo a cada una de las vacas,
se inicié el seguimiento del primer ciclo estral
en promedio en el dia 61.36+26.7 posparto y
la duracion de este ciclo fue de 22.94+1.8 dias
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158% 15 8% 158%

105% 1[]5%

Percentage of cows

21

Days
Figure 2. Distribution of estrous cycle duration in
postpartum Holstein cows.

After ovulation, ultrasound evaluation of luteal
growth was performed. Days 12 and 15 had
the largest size of CL during the study period.
CL on Day 12 had an average volume of
13800+2788.72 mm3 in cows with 2 follicular
waves and of 16343.88 £ 3579.05 mm3 on
cows with 3 waves. Similarly, on day 15, an
average luteal volume of 13814.98 + 2655.17
mm?3 was observed in cows of 2 waves and of
16342.83+£3542.1 mm?3 in those with 3 waves.
There were no significant differences.

Serum levels of P4 for all the cows on day 6 of the
estrous cycle were >3 ng/ml (4£0.9 ng/ml). On
day 12 the highest levels were found; cows with
2 follicular waves had 6.43 £ 0.46 ng/ml of P4
and cows with 3 follicular waves had 6.52+0.32
ng/ml (Table 1, Figure 3).

Follow-up of the second phase: Pregnant
and non-pregnant cows. The second cycle
began when the second heat was detected at
which point, all the cows in the study were
inseminated 12.8 + 1.8 h after the estrus signs
where first seen. On average, cows where Al at
89.4 £ 34.7 days postpartum; with an average
milk production of 24.4 £ 4.9 Lts/day (range of
16.4 to 32.7 Lts). After ovulation, ultrasound
evaluation of luteal growth was performed
on days 6, 9, 12 and 15. Thirty days post-AlI,
47.36% of the cows were diagnosed as pregnant
(9/19), and 52.63% (10/19) as non-pregnant by
trans-rectal ultrasound examination.

The OF from pregnant cows had significantly
(p<0.05) smaller diameter (17.85+2.39 mm)
when compared with non-pregnant cows
(21.10£2.86 mm) as seen in Table 2.

No significant differences were found in P4 levels
in pregnant and non-pregnant cows during the
studied days. On day 6 of the cycle P4 levels
were on average 4.08%+1.1 ng/ml for the group

(promedio£DE) con un rango entre 21 a 26 dias.
El 47.36% (9/19) de los animales presentaron
2 ondas de crecimiento folicular, de los cuales el
66.6% (6/9) tuvo una duracion del ciclo estral de
21 dias y el 33.3% (3/9) de 22 dias. El 52.63%
(10/19) de las vacas presentaron 3 ondas de
crecimiento folicular de las cuales el 30% (3/10)
evidenciaron duracion del ciclo estral de 23 dias,
el 20% (2/10) de 24 dias, el 30% (3/10) de 25
dias y el 20% (2/10) de 26 dias (Figura 2).

No hubo diferencias significativas en el diametro
del FO, cuando se compararon los animales que
presentaron 2 ondas de crecimiento folicular, con
aquellos de 3 ondas (p>0.05; Tabla 1). El tiempo
transcurrido entre el inicio del celo y la ovulacion
fue en promedio de 27.66+6.32 h para las vacas
de 2 ondas foliculares y similarmente de 28+6 h
para las vacas de 3 ondas (p>0.05).

Luego de la ovulacion se continud con la
evaluacion del crecimiento luteal. En los dias 12
y 15 se observo el mayor tamafio del CL, para
el dia 12 se observd un volumen promedio de
13800+£2788.72 mm3 para las vacas de 2 ondas
de crecimiento folicular y de 16343.88+3579.05
mm3 para las de 3 ondas, similarmente el dia
15 se observo un volumen luteal en promedio
de 13814.98+2655.17 mm?3 para las vacas de 2

Table 1. Comparison between animals with 2 and 3
follicular waves in the first cycle for values
(average = SD) for OF diameter (mm), CL
volume (mm3), serum P4 concentration (ng
/ ml) and time elapsed from the beginning
of estrus to ovulation.

Variable 2 Waves 3 Waves P-value
OF (mm) 8 oy 0.97
Time elapsed from the_ beginning 27.66 28.00 0.91
of estrus to ovulation (h) +6.3 +6.0
P4 (ng/ml) day 6 1'03% i'(% 0.13
day 9 o S8 0.96
coy 12 6 oes
day 15 2'05_2 2'543 0.92
CL Volume (mm3) day 6 1712?;5?3 iggéfg 0.34
U s oo
oy 12 Lsoeos 9B o
day 15 13814.98 16342.83 0.10

+2655.2  £3542.1

Ovulatory Follicle (OF), Corpus Luteum (CL), progesterone (P4)
*Values p<0.05 were considered as statistically significant.
** The reported values correspond to the average + ED
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Figure 3. Progesterone serum concentrations and
corpus luteum volume on days 6, 9, 12 and
15 of the 1st estrous cycle in Holstein cows
with 2 and 3 follicular growth waves.

of pregnant cows, and 4.51 £ 0.6 ng / ml for
non-pregnant. The highest serum levels of P4
were found on the day 12; 6.48+0.3 ng/ml for
pregnant cows, and 6.58+0.4 ng/ml for non-
pregnant animals. Similarly, on day 15, P4 mean
levels found in pregnant animals were 6.65+0.3
ng/ml and 6.67 £ 0.4 ng/ml in non-pregnant
animals (Table 2, Figure 4).

Similarly, there were no significant differences
in luteal volume in pregnant and non-pregnant
cows (p=0.10), (Table 2, Figure 5); Regardless of
size and reproductive status, CL produced similar
serum levels of P4.

However, when evaluating non-pregnant cows
(10/19), females with normal return to estrus
(5/10) and others with late return (5/10) were
found. The females to normal return to estrus
were those that had a cycle length in the second
phase (22.6+1.5 days) similar to the first phase
(23+1.4 days). Cows considered with a delayed
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Figure 4. Serum levels of Progesterone (P4) (ng/ml)
in pregnant and non-pregnant cows

ondas y de 16342.83+3542.1 mm3 para las de
3 ondas, y no hubo diferencias significativas. Los
niveles séricos de P4 a partir del dia 6 del ciclo
estral fueron >3 ng/ml (4£0.9 ng/ml) y en el
dia 12 se encontraron mayores concentraciones,
para las vacas de 2 ondas foliculares 6.43+0.46
ng/ml y similarmente para las de 3 ondas
6.52+0.32 ng/ml (Tabla 1; Figura 3).

Seguimiento de la segunda fase: Vacas
gestantes y no gestantes. La segunda fase
del seguimiento comenzé cuando se detectd
el segundo celo. Las vacas fueron inseminadas
12.8+1.8 h después de iniciado el celo, en
promedio a los 89.4+34.7 dias posparto; con
una produccién promedio de 24.4+4.9 Lts (rango
de 16.4 a 32.7 Lts). El dia 30 post-IA se evalud
el estado reproductivo y se diagnosticaron el
47.36% como hembras gestantes (9/19), y
el 52.63% (10/19) como no gestantes. Los
resultados de las mediciones de las vacas
gestantes y no gestantes se muestran en la Tabla
2, las vacas gestantes presentaron diametros
de FO (17.85%+2.39 mm) significativamente
menores (p<0.05) comparados con las no
gestantes (21.10+£2.86 mm); no hubo diferencias
significativas en las otras variables evaluadas
(p>0.05).

Table 2. Comparison of the values (average =+
standard deviation) of OF diameter (mm),
CL volume (mm3), serum P4 concentration
(ng / ml), time elapsed from the beginning
of estrus to ovulation in pregnant and non-
pregnant cows.

- Pregnant Not pregnant _
Variable Average = DE Average * DE P-value
OF (mm) 1785 2119 0.01*
Time elapsed from the
beginning of estrus 107039 2:560(? 0.53
to ovulation (h) ' !

Time from AI 17.33 16.00 0.65
to ovulation (h) +6.3 +6.0 :
P4 (ng/ml) day 6 iimi ;"052 0.35

6.05 6.21
day 9 £0.4 +0.4 0.47
day 12 i‘o“g 2'052 0.62
day 15 i'osg 2'061 0.93
CL Volume (mm3) day 6 7325.57 7207.45 0.60
+1891.6 +1978.7 :
10353.88 11926.27
day 9 £2688.7 +2200.1 0.19
12487.43 15518.63
day 12 +2988.2 +3656.0 0.07
12524.88 14935.41
day 15 +2959.5 +3590.4 0.14

Ovulatory Follicle (OF), Corpus Luteum (CL), progesterone (P4)
*Values p<0.05 were considered as statistically significant.
** The reported values correspond to the average + ED
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Figure 5. Volume of Corpus luteum (CL) (mm3) in
pregnant and non-pregnant cows.

return to estrus where those that had a greater
cycle length (33.4+7.7 days) compared with their
first phase (23.6+2.7) (Table 3).

Table 3. Comparison between OF diameter and
duration of the first and second phase in cows
of normal and late return to heat.

Second
phase

Reproductive

status P-value

Variable First phase

Normal return to Duration

23+1.4 22.6+1.5 0.47

estrus (days)
OF (mm) 21.38+2.6 19.72+2.7 0.08
Delay return to Duration
estrus (days) 23.6+2.7 33.4+7.7 0.04
OF (mm) 19.74+£2 22.46+2.02 0.02

In addition, females with normal return to
estrus had smaller OF diameters in the second
phase (phase in which Al was performed)
(19.72+2.76mm) compared to the first phase
(21.38+£2.6mm). In contrast to these results,
the cows with late return to estrus had higher OF
diameters in the second phase (22.46+2.02mm)
compared with the first (19.74+£2mm) (Table 3).
Association between serum levels of P4, CL
volume, and the diameter of the OF

After comparing pregnant and non-pregnant
animals regarding the OF diameter, volume
of CL and serum levels of P4, the relationship
between these variables was evaluated. A linear
relationship was found between the OF diameter
and the CL volume (p<0.05). Additionally, in
the first phase there was a linear relationship
between CL volume and serum P4 levels
(p<0.05), however in the second phase this
relationship was not found (p>0.05).

No se encontraron diferencias significativas en los
niveles de P4 en vacas gestantes y no gestantes.
En el dia 6 del ciclo se observaron niveles de P4
en promedio de 4.08+1.1 ng/ml para el grupo
de gestantes, y de 4.51+0.6 ng/ml para las no
gestantes y los mayores niveles séricos de P4 se
encontraron en el dia 12 con niveles de 6.48+0.3
ng/ml para gestantes, y de 6.58+0.4 ng/ml para
las no gestantes; similarmente en el dia 15 se
encontraron niveles en promedio de 6.65%+0.3
ng/ml para gestantes y de 6.67+0.4 ng/ml para
las no gestantes (Tabla 2; Figura 4).

Igualmente no hubo diferencias significativas en
relacion con los valores del volumen luteal entre
vacas gestantes y no gestantes (p=0.10), (Tabla
2; Figura 5); independientemente del tamafio y
del estado reproductivo, los CL de estos animales
produjeron similares niveles séricos de P4.

Al evaluar las vacas no gestantes (10/19) se
encontraron hembras con retorno normal al
estro (5/10) y otras con retorno tardio (5/10).
Las hembras con retorno normal al celo fueron
aquellas que la duracién en dias de la segunda
fase (22.6+1.5 dias) fue similar a la primera
(23+1.4 dias); por el contrario, las vacas con
retorno tardio la duracion en dias de la segunda
fase (33.4%7.7 dias) fue mayor a la primera fase
(23.6%+2.7) (Tabla 3).

Ademaés las hembras con retorno normal al
estro presentaron diametros menores de
FO en la segunda fase (fase en la cual se
realizd IA) (19.72+£2.76mm) comparado con
la primera (21.38+2.6mm). En contraste con
estos resultados las vacas de retorno tardio
presentaron didmetros de FO mayores en el
segunda fase (22.46+2.02mm) comparado con
la primera (19.74£2mm) (Tabla 3).

Luego de comparar los animales gestantes y
no gestantes en cuanto al diametro del FO,
volumen del CL y niveles séricos de P4, se
evalud la relacién entre estas variables. Se
encontro relacion lineal entre el diametro del FO
y el volumen del CL (p<0.05). Adicionalmente
en la primera fase hubo relacién lineal entre
el volumen del CL y los niveles séricos de P4
(p<0.05), sin embargo en la segunda fase no se
encontré esta relacion (p>0.05).

Por otro lado, de acuerdo con los resultados
del modelo de medidas repetidas, se determind
que los promedios de los volumenes del CL y los
niveles séricos de P4 fueron significativamente
diferentes (p<0.001) a través del tiempo (dias 6,
9, 12 y 15) y esta relacion fue lineal (p<0.001)
y cuadratica (p<0.001).



Monroy et al - Follicular and luteal morphometry in Holstein cows 6689

On the other hand, the repeated measures model
showed that the mean values of the CL volumes
and the serum levels of P4 were significantly
different (p<0.001) along the time period studied
(days 6, 9, 12 and 15) and this relationship was
linear (p<0.001) and quadratic (p<0.001).

Association between OF diameter, CL
volume, serum P4 levels, and early
pregnancy. When evaluating the association
between OF diameter, CL volume, P4 and
pregnancy, only small OF diameter (18.1 mm)
was a factor associated with early pregnancy
(OR=1.65, 95% CI (1.039-2.619) (p<0.05)
(Table 4). That is to say that the smaller diameter
of the OF, the greater the probability of gestation.

Table 4. Association between the OF diameter, Corpus
Luteum (CL) volume and serum levels of
progesterone (P4) during the second phase
and gestation at day 30 post-Al.

Variable OR 95% CI P-value

OF 1.65 1.039-2.619 0.034
CL day 6 1.0 1.000-1.001 0.769
CL day 9 0.5 0.23-13.801 0.72
CL day 12 5.8 0.25-13.678 0.52
CL day 15 0.06 0.23-10.862 0.30
P4 day 6 1.62 0.543-4.822 0.38
P4 day 9 1.0 1.000-1.001 0.19
P4 day 12 0.99 0.997-1.001 0.33
P4 day 15 1.0 0.99-1.004 0.20

DISCUSSION

In the present study, we found cows with 2
and 3 follicular growth waves during an estrous
cycle as reported in studies conducted in other
countries (17-19).

When comparing animals with 2 and 3 follicular
waves; there were no significant differences
in OF diameter, with both groups of animals
having an average diameter of 19.8 mm. It is
possibly that no significant differences were
found because they presented similar growth
rates and duration of the ovulatory wave. These
results differ from those of other authors (20),
who reported differences in the diameter of
the OF between cows with 2 and 3 follicular
waves. Cows with 2 follicular waves and those
with 3 follicular waves had an average diameter
of 15.03 mm and 14.68 mm respectively. Our
results may be an incidental finding and require
further investigations to determine if there are

Asociacion del diametro del FO, volumen del
CL, niveles séricos de P4, con la gestacion
temprana. Posteriormente al evaluar cuales
de las anteriores variables (diametro del FO,
volumen CL, P4, de la segunda fase) fueron
asociadas a la gestacion, se encontré que
solamente el menor didmetro del FO (18.1 mm)
fue un factor asociado a la gestacion temprana
(OR=1.65, IC 95% (1.039-2.619) (p<0.05),
(Tabla 4); es decir que entre menor diametro
tenga el FO hay mayor probabilidad de gestacion.

DISCUSION

En el presente estudio en la primera fase se
presentaron ciclos estrales de 2 y 3 ondas de
crecimiento folicular, resultados que coinciden
con los reportes de otros paises (17-19).

Al comparar los animales de 2 y 3 ondas de
crecimiento folicular; se encontrdé que no hubo
diferencias en el diametro del FO, ya que estos
grupos de animales presentaron diametros
promedio de 19.8 mm, posiblemente no se
encontraron diferencias porque presentaron
similares tasas de crecimiento y de duracion de la
onda ovulatoria. Estos resultados difieren con los
de otros autores (20), que reportan diferencias
en el diametro del FO, donde las vacas de 2 ondas
presentaron un didmetro promedio de 15.03
mm y las de 3 ondas de 14.68 mm; nuestros
resultados pueden ser un hallazgo incidental y se
necesitan mas investigaciones para determinar
si hay diferencias en el didmetro del FO y de la
misma manera determinar los diferentes factores
que pueden influir en la presentacion de un
determinado patron de ondas de crecimiento
folicular en una hembra.

En este grupo de animales también se observé
que no hubo diferencias significativas en el
tiempo transcurrido desde el inicio del celo hasta
la ovulacion, las hembras de 2 ondas presentaron
un promedio de duracidn de 27 horas y las de
3 ondas un promedio de duracion de 28 horas,
lo cual significa que ovularon durante el tiempo
esperado normalmente, entre 25 y 36 horas
después de iniciado el estro (11).

De otra parte el volumen del CL y los niveles
séricos de P4 los dias 6,9,12 y 15 fueron
similares en los animales de 2 y 3 ondas de
crecimiento folicular, probablemente no deberia
existir diferencias en estos dias que se realizd
la comparacion, ya que a partir del dia 6 hay
un CL funcional produciendo niveles séricos de
P4 mayores a 1 ng/ml independientemente del
numero de ondas; las diferencias probablemente
se observarian cuando comienza la regresion
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differences in the diameter of the OF between
cows with 2 waves and those with 3 waves and
if there are different factors that can influence
the presentation of a certain pattern of follicular
growth in females.

In this group of animals, it was also observed
that there were no significant differences in the
average time elapsed from the beginning of
estrus to ovulation between cows with 2 follicular
waves (of 27 hours) and those with 3 waves (28
hours), in agreement with reports indicating that
physiologically, ovulation occurs between 25 and
36 hours after the end of estrus (11).

On the other hand, the volume of the CL and
the serum levels of P4 on days 6, 9, 12 and 15
were similar in the animals with 2 and 3 waves
of follicular growth. This is probably given to
the fact that around day 6 post ovulation there
is a functional CL producing serum levels of P4
greater than 1 ng/ml regardless of the number
of waves.

Most likely, significant differences would be
seen when comparing the beginning of luteal
regression and the decline in the serum levels
of P4 as cows with 2 waves initiate this process
before cows with 3 waves. Furthermore, several
authors have found no significant differences in
the maximum diameter of CL and the highest
serum levels of P4 between 2 and 3 waves cows
(20-24).

In the second phase of the present study, there
were no significant differences (p>0.05) in the
interval from beginning of estrus to ovulation
between those cows that became pregnant (30
hrs.) and those that returned to estrus (28 hrs.).
This indicates that this interval is not a factor that
can be associated with gestation in this group of
animals (11).

Pregnant cows had significantly smaller OF
diameters than non-pregnant cows; It was
found that the small OF diameter was a factor
associated with diagnosis of early gestation. It is
possible that the duration of the ovulatory wave
was longer in non-pregnant animals and that it
took longer time to decrease the serum levels
of P4, leading to an increase in the size of the
dominant follicle due to a longer time of follicular
development. Possibly, these large follicles took
longer to reach the estrogen levels needed to
trigger the estrus behavior and thus there was
an anticipated stimulus in the secretion of LH
that could cause early maturation or resumption
of the meiosis of the oocyte before the ovulatory
pick of LH. This could explain that at the time
of ovulation, the fertilization ability of the ovum

luteal, y las vacas de 2 ondas inician primero
la regresion del CL y disminucion de los niveles
de P4 comparado con las de 3 ondas. En otra
investigacion (23) no hubo diferencias en el
diametro maximo del CL (p=0.30) y en los
mayores niveles séricos de P4 (p=0.4). Datos
similares a los reportados por varios autores
(20-24).

En la segunda fase del presente estudio, tanto las
vacas gestantes como las no gestantes ovularon
dentro del rango esperado, lo que indica que la
ovulacion tardia o la ausencia de ésta, no fueron
factores que influyeron en la no gestacion de este
grupo de animales (11).

Las vacas gestantes presentaron diametros
de FO significativamente mas pequefios que
las no gestantes; ademas se encontrd que el
menor didmetro del FO fue un factor asociado
a la gestacion temprana. Las diferentes causas
por las cuales se presentd esta diferencia
son inciertas; posiblemente el tiempo de
duracién de la onda ovulatoria fue mayor en
animales no gestantes y tardaron mas tiempo
en disminuir los niveles séricos de P4 lo cual
conlleva a un aumento del tamafio del foliculo
dominante por un mayor tiempo de desarrollo
folicular. Posiblemente estos foliculos al ser
de mayor didmetro tardaron mas tiempo en
alcanzar los niveles de estrégenos necesarios
para desencadenar la conducta de celo y de
esta manera hubo un estimulo anticipado en la
secrecion de LH con lo que ocurriria maduracién
temprana o reanudacion de la meiosis del
oocito antes de la onda ovulatoria de LH y en
el momento de la ovulacion pudo afectar la
fertilizacion o resultar en mortalidad embrionaria.
De acuerdo con Mimh et al (25) cuando el periodo
de dominancia tuvo una duracién entre 1 y 4 dias
se encontrd una alta tasa de prefiez, mientras
qgue la dominancia mayor a 10 dias fue asociada
con la ausencia de prefiez. Probablemente se
debe a que el incremento en la produccién de
estradiol por un periodo largo de dominancia,
afecta el tiempo normal de maduracidon del
oocito (26) y afecta el éxito de la fertilizacion o
pueden presentarse alteraciones en el desarrollo
embrionario temprano (27). Otra investigacion
indica que al extender la duracién de dominancia
folicular mediante el uso de un dispositivo de P4
dio lugar a un mayor tamafio del FO (11 vs 16
mm) y menor tasa de concepcidn (65 vs 37%)
(28). En un estudio (29), encontraron en vacas
Holstein que los FO > 20 mm se relacionaron
como predictores de pérdida de la gestacion. Sin
embargo, aunque hay varias investigaciones (9-
11, 29) que concluyen que hay una relacién entre
el didametro del FO y la gestacion temprana, no
estd totalmente dilucidado y tampoco existe una
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has been affected decreasing fertilization rate
or resulting in an early embryonic death before
maternal recognition.

According to Mimh and colleagues (25), when
the dominance period lasted between 1 and 4
days, a high pregnancy rate was found, while
dominance greater than 10 days was associated
with a decrease in pregnancy. This is probably
due to the fact that the increase in the production
of estradiol over a long period of dominance
affects the normal oocyte maturation (26)
affecting fertilization or causing alterations in
early embryonic development (27).

Extending the duration of follicular dominance
by using a P4 device resulted in a larger OF size
(11 vs 16 mm) and lower conception rate (65 vs
37%) (28). In another study (29), researchers
found that OF> 20 mm in Holstein cows was a
predictor of gestation loss. However, although
there are several studies that conclude that there
is a relationship between the OF diameter and
early gestation, it is not fully understood and
there is not a clear physiological explanation.
Additional studies are needed to determine the
type of association of follicular diameter with
gestation and why larger follicles are associated
with a lower pregnancy rate.

When analysing non-pregnant cows, we found
animals with normal and late return to estrus.
Those with normal return to estrus, in the two
phases evaluated, had the same number of follicular
waves, similar length of cycles and similar average
OF diameters during the 2 cycles evaluated.
Fertilization may have failed or conceptus could
died before pregnancy recognition.

In the case of the cows that did not conceive and
also had a late return to estrus, we observed an
increase in the number of follicular waives, some
took up to 43 days to return to estrus and in the
ultrasound 30 days post AI some of them had
persistent CL and/or anechoic fluid in the uterine
horns in the absence of a fetus. The presence
of fluid possibly indicates early embryonic death
and reabsorption taking place after maternal
recognition which may have prolong the half-
life of CL, maintaining the production of P4 and
causing late return to heat.

On the other hand, we found that pregnant and
non-pregnant cows presented similar serum
levels of P4 in the first days of the cycle (days
6, 9, 12 and 15) and that these values were
not significantly different (p>0.05). This could
indicate that the serum levels of P4 in the
mentioned days, did not have an influence in the
success of gestation.

explicacion fisioldgica al respecto; es necesario
realizar mas estudios con el fin de determinar
el tipo de asociacién del diametro folicular con
la gestacion y por qué los foliculos mas grandes
estan relacionados con una menor probabilidad
de prenez.

Al evaluar las vacas no gestantes, se encontraron
animales con retorno normal y tardio al celo; los
primeros, en las dos fases evaluadas, tuvieron el
mismo numero de ondas de crecimiento folicular,
similares dias de duracién de los dos ciclos y
de promedios de didmetros de FO. Es probable
gue en las vacas no gestantes encontradas
en el presente estudio no hubo fertilizacién y
retornaron normalmente al siguiente celo, o
que hubo mortalidad embrionaria antes del
reconocimiento materno de la gestacién y por lo
tanto retornaron nuevamente al celo, con similar
duracién a la anterior fase y con el mismo nimero
de ondas de crecimiento folicular. También se
encontraron vacas con retorno tardio al celo,
este grupo de hembras se caracterizd porque
en la segunda fase (fase en la cual se realizd
IA) presentaron un mayor nimero de ondas de
crecimiento folicular y la duracion de esta fase fue
mayor que la primera; la segunda fase se prolongo
hasta 43 dias; probablemente en estos animales
pudo ocurrir mortalidad embrionaria después del
reconocimiento materno, prolongando la vida
media del CL, produccién de P4 y el retorno al
celo. También es importante mencionar que en
estas vacas se realizé ultrasonografia al dia 30
post-IA y en algunas se observo CL persistente,
y contenido o liquido anecogénico en los cuernos
uterinos que posiblemente indica el resultado de
la presencia previa de un embrion.

Por otro lado, en esta investigacion se encontro
que las vacas gestantes y no gestantes
presentaron similares niveles de P4 en los
primeros dias del ciclo (dias 6, 9, 12y 15) y no
fueron diferentes significativamente (p>0.05),
lo cual podria indicar que los niveles de P4 en
los dias mencionados, no influyeron en el éxito
de la gestacion.

Estos resultados coinciden con lo encontrado en
la literatura (30), quienes concluyeron que no
hubo diferencias detectables en la expresion de
genes en el endometrio de novillas gestantes
y ciclicas en los dias 5,7 y 13 post-estro;
resultados que indican que para los primeros
dias del ciclo los cambios que ocurren en el
transcriptoma del endometrio son independientes
de la presencia de un conceptus hasta cuando
ocurre el reconocimiento de la prefiez; estos
autores indican que solo en el reconocimiento
materno de la prefiez (a partir del dia 16) se
observan las diferencias entre novillas ciclicas
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These results are in agreement with previous
studies (30), that found no detectable differences
in the expression of genes in the endometrium
of pregnant and cyclic heifers on days 5, 7 and
13 post-estrus; results that indicate that for the
first days of the cycle the changes that occur
in the transcriptome of the endometrium are
independent of the presence of a conceptus
until there is pregnancy recognition. Only after
the maternal recognition of pregnancy (around
day 16) there are observed differences in the
endometrial transcriptome between cyclic and
pregnant heifers (30). In addition, there were no
differences in the luteal phase of gestating and
cyclic heifers and their levels of P4. Differences
between these two groups were observed
after maternal recognition of pregnancy when
interferon tau secreted by the trophoblast
prevents luteolysis triggering changes in the
endocrine system that regulates endometrial
gene expression.

In the present study, a linear relationship was
found in the first and second phases between
the OF diameter and the CL volume (p=0.01);
perhaps, the ability of the CL to produce P4
depends on the number granulosa cells in the
OF, which may be directly related to its diameter.

The larger the OF, the greater the number of
granulosa cells and, consequently, the better
steroidogenic potential CL (1,7,9). However,
the aforementioned size depends not only on
the number of granulosa cells, but also on the
number of internal theca cells, the volume of the
follicular antrum, the number of receptors for
LH in both cell types and the blood levels of this
hormone. In a previous work (31), it was found
that the volume of the CL on day 7 or 14 was
significantly correlated with follicular size; and
the ovulation of small follicles led to the formation
of small CLs. In sheep, it was demonstrated that
the premature induction of ovulation with GnRH
subsequently reduces the luteal size and the
number of luteal cells, related to a reduction in
the number of granulosa and thecal cells in the
OF that was induced to ovulate prematurely (32).

Moreover, in the first phase of the present study,
a linear relationship was observed between CL
volume and serum P4 levels (p=0.01) but in the
second phase this association was not found.
It is possible, then, that the aforementioned
relationship does not occur regularly in all
animals, which would explain the contradictory
findings reported in different studies (7-10).
Therefore, a CL of greater volume not necessarily
produces more P4. After ovulation, the number
of thecal and granulosa cells producing P4, is a
function of their respective number of receptors.

y gestantes (30). Ademas que durante toda la
fase luteal del ciclo estral de novillas gestantes
y ciclicas presentaron los mismos niveles de
P4; solamente las diferencias se observaron
durante el reconocimiento materno de la
gestacion cuando el interferén tau proveniente
del trofoblasto impide la luteolisis y por lo tanto
el sistema endocrino que regula la expresion
génica endometrial difiere entre novillas ciclicas
y gestantes.

En la presente investigaciéon se encontré en
la primera y segunda fase una relacién lineal
entre el diametro del FO y el volumen del CL
(p=0.01); tal vez, la habilidad del CL para
producir P4 depende del mayor nimero de las
células luteales grandes que provienen de las
células de la granulosa del FO, el cual puede
estar directamente relacionado con su diametro.
Cuanto mas grande sea un FO, mayor podria
ser el nimero de células de la granulosa y en
consecuencia mejor potencial esteroidogénico
del futuro CL (1,7,9). Sin embargo, el tamafio
mencionado depende no solamente del nimero
de estas células, sino también del correspondiente
a las células luteales pequefias que provienen de
las células de la teca. Asi mismo, del nimero de
receptores para la LH en los dos tipos de células
y de los niveles sanguineos de esta hormona. En
un trabajo anterior (31), se hallé que el volumen
del CL en el dia 7 o 14 estuvo correlacionado
significativamente con el tamafio folicular; y
la ovulacidon de pequefios foliculos conllevd a
la formacién de CL pequefios. En ovejas se
demostré que la induccidén prematura de la
ovulacién con GnRH reduce subsecuentemente
el tamafio luteal y el nUmero de células luteales,
relacionada con una reduccion del nimero de
células de la granulosa y tecales en el FO que fue
inducido a ovular prematuramente (32).

Por otra parte, en la primera fase del presente
estudio, se observd una relacion lineal entre
el volumen del CL y los niveles séricos de P4,
pero en la segunda fase no se encontrd esta
asociacion. Es posible entonces, que la relaciéon
mencionada no se presenta de manera regular
en todos los animales, o probablemente la hay
en otros dias diferentes a los evaluados, lo que
coincidiria con los hallazgos contradictorios
reportados en otros estudios (7-10). Ademas,
que no necesariamente un CL de mayor volumen
produce mas P4, lo cual depende, después de la
ovulacién, del nimero de células luteales activas
en cuanto a produccion de P4, en funcion de los
receptores para la hormona luteinizante.

En resumen, los resultados obtenidos mostraron
gue en los animales gestantes se encontraron
valores de los diametros de FO menores que
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In summary, we found that the OF from pregnant
cows had significantly smaller diameter when
compared with non-pregnant cows. No significant
differences were found in luteal volume and
P4 levels in pregnant and non-pregnant cows
during the studied days. A relationship was found
between the OF diameter and the CL volume.
Small OF diameter was a factor associated with
early pregnancy. That is to say that the smaller
diameter of the OF, the greater the probability
of gestation.
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