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A B S T R A C T

The objective of this study was to find the correlation between the pregnancy rate of Holstein
recipient heifers and their corpus luteum type, diameter and its secretary competence at the day
of embryo transfer. A total of (92) recipients were selected after estrus synchronization by
prostaglandin. Fresh embryos were collected from (12) donors. Corpus luteum type and
diameter were determined at transfer date using transrectal ultrasound. Serum samples were
collected at transfer day (7th day post heat/luteal phase) for progesterone and Estradiol-17ß
assessment. Current study revealed non-significant difference between pregnant and non-
pregnant recipients concerning CL diameters; regardless CL type either compact (24±0.83 and
24±0.58mm, respectively) or cavitary (26±1.1 and 27±1.4mm, respectively); however there was
significant difference (P<0.05) between compact and cavitary CL diameters in non-pregnant
recipient. Concerning, the relationship between CL type and pregnancy rate: 13 (39.39* %) out
of 33 pregnancies had cavitary CL; whereas, 15 (25.42%) pregnancies out of 59 had compact
CL. Cavitary CL secreted progesterone (5.9 ± 1.7ng/ml) and estradiol (43±1.9 pg/ml). Compact
CL recorded low level of progesterone (4.4±0.96 ng/ml), and high estradiol concentration
(49±1.4*pg/ml). The percentage of cavitary CL in Holstein breed was (35.87%) versus
(64.13%) for compact ones. Ratio of luteal cavity/luteal tissue was (0.48%) for Holstein
recipients heifers. It was concluded that, corpus luteum type not diameter was a decisive factor
in recipient selection. Luteal phase estradiol concentration was a crucial in recipient selection
and should be at the lowest concentration.
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1. INTRODUCTION

The principal use of embryo transfer in
cattle is to amplify the reproductive rates of
valuable animals. Ideally, embryo transfer
can be used to accelerate genetic
improvement and to increase marketing
opportunities with purebred cows. Because

of their relatively low reproductive rate and
long generation interval, In vitro embryo
production (IVP) is useful to potentially
increase the number of offspring from
superior genetics donor cows during their
reproductive life (Seidel, 1991; Palma
2001).The success of embryo transfer,
establishment and maintenance of
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pregnancy involve complex interaction
between the embryo, uterine environment
and corpus luteum (Mann et al., 1995);
where bad quality recipients  might result in
poor embryo transfer result. Summarily,
poor CL quality bedsides the embryo
uterine asynchrony resulted in embryo
under-development (Sreenan and Diskin,
1987); due to incompetence of maternal
recognition and pregnancy maintenance.
Moreover, rearing management and
farmer’s culture may gravely affect the
likelihood of pregnancy in the recipient
female if they badly go on after the transfer
process (Camargo et al., 2006; Lestari et al.,
2016).

Once transferable embryos were collected
from a donor cows, the decision is to
provide high quality recipients to receive
these embryos to achieve the greatest
number of offspring (Wright, 1981). The
suitability of recipients is dependent on
many factors such as the timing of estrus
and the presence of an efficient corpus
luteum (CL). On the point of CL efficiency,
most embryo transfer technicians relies on
rectal palpation to recognize and
characterize the size and integrity of CL.
Nowadays ultrasonography gains an
increased interest to become a valuable tool
to judge the genital tract potential capability
especially luteal structure quality score
(measurements and characteristics)
(Kastelic et al., 1990 a&b; Singh et al.,
1997). CL diameter has been used to
categorize the recipients (Demetrio et al.,
2007; Duica et al., 2007); however, the
results of these previous reports were
contradictory. Baruselli et al. (2001) and
Duica et al. (2007) stated that when the
luteal diameter increased the pregnancy rate
increased. Where, recipients with large
luteal structure diameter had a higher
progesterone (P4) concentration (Kerbler et

al., 1997; Mann, 2009); and therefore more
suitable uterine environment (Ashworth et
al., 1989; Lonergan et al., 2007; Okumu et
al., 2010). Progesterone plays major roles
endometrial glands synthesis of the
histotroph during early pregnancy (Gray et
al., 2001; Wang et al., 2007; Lonergan,
2011). Histotroph is required for embryo
development, migration, and implantation
since it provides growth factors, amino
acids, carbohydrates, and other necessary
substances (Barnes, 2000; Spencer et al.,
2004; Morris and Diskin, 2008).  Regarding
CL type; the corpora lutea were classified
into compact and cavitary types (Barreiros
et al., 2006). Cavitary corpus luteum was
found in 40-80% of the estrous cycles of
cows and heifers treated with P4 or
prostaglandin; even though P4
concentrations were not influenced by the
presence or absence of the CL cavity (Spell
et al., 2001; Marques et al., 2002).The
presence of corpus luteum with cavity CL
had generated much controversy (Grygar et
al., 1997; Marques et al., 2002; Looney et
al., 2006, Siqueira et al., 2009). So the aim
of the current study is to determine the
association between CL diameter, type,
serum progesterone and estrogen
concentrations in recipient cattle and their
pregnancy rate.

2. MATERIAL AND METHODS

This study was conducted at Elattar Dairy
Farm located on Alex-Cairo desert road
during the period from January to April
2017. The selected animals had regular
body condition score ≥ 3, on a scale of 1-5
(Edmonson et al., 1989). Insemination was
done using frozen semen from superior
genetic bulls from USA companies (ABS
and Semex), 0.5 ml straw of conventional
semen containing (14 to 20) million sperm
per insemination dose. Selected cows and
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heifers were subjected to detailed clinico-
gynecological examinations prior to the
experiment to confirm that they were
healthy and of efficient reproductive
system. Animals were fed on total mixed
ration (TMR) ration and had free access to
water and mineral salts.

Twelve donor cows were used as a source
of fresh embryos. CIDR based
superovulation protocol was used with
fixed time AI for donner superovulation
(table 1) according to Oshba et al. (2018).
Insemination was done twice with (12h)
apart. Embryos were recovered by non-
surgical flushing technique on the 7th day
after the insemination (day 16th) using
patent flushing media (Complete flush,
Agtech, USA). On the day of recovery the
recovered embryos were shifted to holding
media (Agtech, USA) to be classified by
using stereomicroscope (Meiji) according to
the International Embryo Transfer Society
Manual (Wright, 1998); depending on the
stage of development and quality.

For each donor enough recipients were
synchronized with single prostaglandin
(Cloprostenol- Estrumate®, Canada)
injection - (3 days before the day of donner
insemination)-. Total of (92) recipients
were selected by the aid of trans-rectal
ultrasound (Sonoscape A5 vet) at frequency
7MHZ for type and the diameter of CL.
Embryo transfer (ET) was carried out, by
nonsurgical method. Recipients were
examined by ultrasonography (7MHZ) on
the thirty day after ET for pregnancy
diagnosis. Another confirmative
examination was performed at 60-70 days
post ET. Serum samples were collected
from the recipients’ heifer at the same day
of embryo transfer (7th day post heat).
Samples were submitted to Biochemistry
lab of Animal Reproduction Research
Institute (ARRI) to analyze them for
progesterone (ng/ml) using Nova Tech
progesterone Enzyme Immunoassay; while
Nova Tech 17ß-Estradiol Enzyme
Immunoassay was used for the quantitative
determination of 17ß-Estradiol (pg/ml).

Table (1): GnRH-CIDR based superovulation program with timed insemination in dairy cow.

Days of
treatment

7 AM 7 PM

0 CIDR insertion

2 Receptal 10µg  /  IM
4 Folltropin 80 mg  I/M Folltropin 80mg  I/M
5 Folltropin 60mg  I/M Folltropin 60mg  I/M
6 Folltropin 40mg  I/M Folltropin 40mg  I/M
7 Folltropin 20mg  I/M Folltropin 20mg I/M +Estrumate (500 µg I/M) +

CIDR remove

8 Estrumate 500µg + Receptal (10 µg I/M)
9 Timed AI Timed AI

16 Embryo Flushing (non-surgical recovery of
embryos).

(Folltropin-V®, Bioniche, USA); (Estrumate®, MSD); (Receptal ®, MSD)

Statistical analysis:

The statistical analysis was carried-out
Chi2-test using SAS, 2004 and unpaired t-
test using prism 5, version 5.01, GraphPad

software, Inc 2007. http://iruler.net/ (2018)
software was used to calculate ultra-
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sonographic images measurements after
screen calibration.

3. RESULTS

Relation between CL diameter and
recipient pregnancy rate

Table (2) revealed non-significant
difference between pregnant and non-

pregnant Holstein recipients, heifers
concerning CL diameters and regardless CL
type either compact (24±0.83 and 24±0.58,
respectively) or cavitary (26±1.1 and
27±1.4, respectively); but there was
significant difference (P<0.03) between
compact and cavitary CL diameters
regarding the non-pregnant recipient.

Table (2): CL diameters between pregnant and non-pregnant Holstein heifers recipient

Item Pregnant recipient Non- pregnant recipient P <  0.05

Compact CL diameter (mm) 24±0.83 24±0.58 Ns

Ns 0.03
Cavitary CL diameter (mm) 26±1.1 27±1.4* Ns
Overall  CL diameter (mm) 25±0.68 25±0.61 Ns

Statistical analysis was carried out using unpaired t-test

Corpus Luteum type effects on Holstein
heifer recipient pregnancy rate post ET

Table (3) of the relationship between CL
type (cavitary or compact) and pregnancy
rate demonstrating that 13 pregnancies
(39.39 %) out of 33 recipients had cavitary
CL; whereas, 15 pregnancies (25.42%) out
of 59 recipients have compact CL. This
positive relationship between pregnancy
rate and cavitary CL might be due to high

(not significant) progesterone level (5.9 ±
1.7ng/ml) secreted by cavitary and low
level of estradiol in blood (43±1.9 pg/ml).
In contrast, pregnant recipient had a
compact CL recorded low level of
progesterone (4.4±0.96 ng/ml) and high
estradiol level in blood (49±1.4 pg/ml) table
(4). Additionally, table (3) demonstrating
that the percentage of cavitary CL in
Holstein cow breed was (35.87%) versus
(64.13%) for homogenous or compact ones.

Table (3): Cavitary and compact CL effects on the pregnancy rate of Holstein heifers’ recipient after thirty days from ET
Cavitary  CL Compact CL Total

Total  recipients 33 (35.87%) 59 (64.13%) 92
Pregnant recipients 13 15 28(30.43%)

Non-pregnant recipients 20 44 64(69.56%**)
Pregnancy rate (PR) 13/33=39.39% 15/59=25.42%

Chi2 of PR 6.55**
* = Significant at (P < 0.01).

Table (4):  Luteal phase progesterone and estradiol concentrations in relation to CL Type in Holstein recipient heifers

Hormones Cavitary CL Compact CL *P <  0.05
P4 (ng/ml) 5.9±1.7 4.4±0.96 Ns
Estradiol (pg/ml) 43±1.9 49±1.4* 0.02

Statistical analysis was carried out using unpaired t-test

Table (5) of the luteal cavity ratio in
relation to total CL diameter revealed that
the average of luteal tissue size was
(13±0.20mm); average of  CL cavity  size

(12±0.18mm) and  the ratio of luteal cavity
diameter/total CL diameter was (0.48%) for
Holstein recipients heifers.
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Table (5): The luteal cavity ratio in relation to total cavitary CL diameter

Item Mean ± S.E (mm)

Total CL diameter 25.25±0.33

Average of luteal tissue thickness 13±0.20
Average of  CL cavity  diameter 12±0.18
Luteal cavity diameter / Total CL diameter 0.48%

Measurement was calculated on images using http://iruler.net/ after screen calibration.

Fig (1) Compact corpus luteum

Hypoechogenic CL (darker) if compared to the ovarian
stroma due to extensive vascularization. Echo-graphically
mature CL acquires more echogenic echo texture
(brightness) as reaches maturity (Red arrow in lower
aspect).

Fig (2) Cavitary corpus luteum

Cavitary corpus luteum in which there is anechoic cavity, that
surrounded by hypoechogenic luteal tissues.

Conditions of Cavitary CL found in recipient Holstein heifers.

Fig (3) Fig (4)

Fig (3and 4): The anechoic cavity in the CL could be central or eccentric, respectively.
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Fig (5) Fig (6)

Fig  (5 and 6) The an echoic cavity in the CL could be irregular or round circular in shape, respectively

Fig (7) Fig (8)

Fig (7) Echogenic fibrin strands are occasionally observed
within the fluid- filled cavity of the Cl

Fig (8,9 and 10) In some cases, uniform hyperechogenic
tissue completely fills the cavity.  There are specular
reflexions of new luteal tissue intermixed with fibrin
strands, which are known to be very echogenic

Fig  (9) Fig (10)
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4. DISCUSSION

Recipient cows selection is crucial for embryo
transfer program success and stand on the same
important level of donor cows selection; as the
recipient will have a profound effects on several
aspects including conception rate, calving
success, calf performance and cost. So, upon
initial selection of a certain recipient group one
usually must choose the best prospect by
eyeballing them besides developing an efficient
methods and criteria that aid the selection
process. In between such criteria is CL type and
diameter. Rectal palpation alone may not yield
an accurate luteal size determination; so it was
very important to perform a thorough
reproductive examination ideally by ultrasound
(Looney et al., 2006). The current results
indicated that the ultrasonographic luteal
diameter wasn’t a significant point that affects
the recipient pregnancy rate, where the pregnant
recipient had an average CL (25±0.68 mm) in
diameter (Rang: 20-33.8mm). Whereas, non-
pregnant recipients had an average (25±0.61
mm) luteal diameter (Rang: 14.3 - 35.3mm).
The current findings run in a harmony with
many studies that didn’t find any positive
correlation between pregnancy rates and luteal
diameter (Spell et al., 2001; Bényei et al., 2006;
Rodríguez et al., 2007). On the other hand,
these findings were not comparable to those
previously reported by Baruselli et al. (2001)
and Marques et al. (2002) who reported that the
pregnancy probability was affected only by CL
diameter, but not by P4 plasma concentration.

Regarding CL type, the current study findings
revealed that the cavitary CL exerts a positive
significant effects (Chi2=6.55**) on recipient
cows pregnancy rate (39.39%) versus compact
CL type (25.42%). Cavitary CL was first
reported by Pierson and Ginther (1984), but
cavities were not fully described until 3 years
later (Pierson and Ginther, 1987). Kastelic et al.
(1990a&b) and Spell et al. (2001) demonstrated
that the ability to produce P4 and maintaining
pregnancy was equivalent in both CL types, so
they differing only in morphology. Barreiros et
al. (2006); Spell et al. (2001) and Marques et al.

(2002) showed non-significant difference in
(P4) concentration with cavitary or compact
corpora lutea at the time of embryo transfer.
The current results came in harmony with these
previous reports; although the current results
revealed that the recipient cows the have
cavitary CL recorded the highest PR and their
CLs secret slightly higher level of progesterone
(5.9±1.7 ng/ml) than compact or homogeneous
ones (4.4±0.96 ng/ml). Progesterone prepared
the uterine environment to receive and stimulate
the embryo’s development by acting on the
uterine nutrients and growth factors that
affecting the implantation success (Gray et al.,
2001; Spencer et al., 2004; Gonella et al.,
2010).Thus, higher progesterone concentrations
will in turn promote endometrial adaptation to
become receptive (Kayacik et al., 2006; Looney
et al., 2006; Siqueira et al., 2009). The current
finding came in agreement with Grygar et al.,
(1997) who reported that cows with luteal
cavities displayed higher plasma progesterone
levels, also cavitary CLs in pregnant cows
contain greater luteal tissue volume and
secretory activity than homogeneous CLs. On
contrary, Garcıa and Salaheddine (2000),
Marques et al. (2002) and Barreiros et al.
(2006) suggested that neither presence nor the
size of luteal cavity affect the success and
maintenance of cow’s gestation in embryo-
transfer program regardless the treatment
protocol or cattle breed.

The corpus luteum is a transient endocrine
organ that plays a dynamic role in estrous cycle,
fertility regulation as well as pregnancy
maintenance (Okuda et al., 2001). The primary
function of the CL is to produce progesterone
(Okuda et al., 2001). Besides progesterone; CL
also produces a variety of other hormones in
between estradiol (Shutt et al., 1975; Elbaum
and Keyes 1976; Einspanier et al., 1991 and
Gregoraszczuk ,1991). Luteal estradiol acts as a
potent autocrine and/or paracrine regulator
within the porcine (Pitzel et al., 1990) and
human (Maas et al., 1992) CLs. Whereas, in
cattle, luteal estradiol enhances PGF2α
production through estrogen receptors that
demonstrated on bovine CL on days 8, 14, and
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18 of the estrous cycle (Kimball and Hansel
1974;Grazul et al., 1989); so the low
concentration of luteal estradiol affects the
bovine luteal cells functions (Grazul et al.,
1989), and enhances its micro-dialysis
(Liebermann and Schams, 1995). Moreover,
very low concentration of luteal estradiol (10-
15 M) stimulated oxytocin release from micro-
dialyzed bovine CL (Liebermann and Schams,
1995). Consequently, high estradiol
concentration was negatively correlated with
conception rate (Kajaysri, 2006). The current
results showed a significant difference (P<0.02)
between cavitary (43±1.9 pg/ml) and compact
(49±1.4*pg/ml) CLs concerning estradiol level
during the luteal phase of the recipient cows;
this finding came in harmony with these
previous reports which might explain why
recipient cows that have cavitary CL recorded
the highest PR. In contrast, some reports
indicated that increased preovulatory
concentrations of estradiol resulted in increased
fertilization success by influencing the sperm
transport (Hawk, 1983), improved embryo
survival (Miller and Moore, 1976), as it
enhanced its quality and viability (Atkins et al.,
2013 and Jinks et al., 2013).  Furthermore, it
improved the pregnancy success (Perry et al.,
2005); through enhancing the uterine
environment (Miller et al., 1977; Perry and
Perry, 2008 a&b). These positive effects of
estradiol in these earlier studies were recorded
in the normal cyclic cow’s outcomes not
recipient ones that were subjected to
synchronization protocols to prepare them
hormonally. Moreover, the source of estradiol
in these previous experiments was the follicular
growth not CL origin. So, the current study
provides a crucial factor on which we can select
and enhance the recipient cow’s PR; this factor
is the recipient cow luteal estradiol
concentration.

The percentage of cavitary CLs recorded in the
present experiment and in Holstein cow breed
was lower (35.87%) than that found by other
researchers. Marques et al. (2002) observed
ratio ranged between 42.9 to 45.4 % for Bos
indicus × Bos Taurus recipients’ heifers,

respectively. This difference might be due to
breed difference or due to the difference in
synchronization treatment regimen.
Conclusions: Corpus luteum types not diameter
are decisive factor in recipient selection where
cavitary CL was good for pregnancy
maintaining. Luteal phase estradiol
concentration is crucial in recipient selection
and should be at the lowest concentration. The
percentage of cavitary CL for Holstein
recipients was (35.87%) and the ratio of luteal
cavity to the luteal tissue was (0.48%).
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