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Abstract
The objective of this article was to investigate the efficiency of GnRH administrations at different time points after induced
luteolysis on pregnancy rates in low-yielding subfertile cows. One thousand six hundred and ten healthy and subfertile dairy cows
of different ages and races were used in this study. Cows were randomly divided into 4 groups. Estrus cycles were synchronized
by two, with 11-day intervals, injections of the prostaglandin F2α-analogue (PG). The artificial inseminations (AIs) of all animals
were achieved at the 72nd and 96th hours following the last PG injection. The animals in groups I (n 257), II (n 337), and III (n
675) were used for the administration of a single dose of GnRH at different time points. Accordingly, GnRHwas applied at 48th,
64th, and 72nd hours following the last PG injection in groups I, II, and III, respectively. Group IV was accepted as a control
without GnRH injection (n 341). The pregnancy rates in groups I, II, III, and IV after transrectal pregnancy examinations were
found to be 89.88%, 91.09%, 83.25%, and 77.12%, respectively. In our study, maximal pregnancy rates could be obtained with
GnRH injections performed at 48th and 64th hours following luteolysis induction (P< 0.001). There was a 6–8% decrease in
pregnancy rates due to the injection of GnRH in the 72nd hour (P< 0.001). These dramatic losses and gains in pregnancy rates in
our study emphasized the necessity of taking the time of injection into account when using GnRH to stimulate ovulation. It can be
said that the success of GnRH stimulation of ovulation is directly related to the follicle wave dynamics at the time of injection
point and the character of a dominant follicle.
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Introduction

An important indication of gonadotropin-releasing hormone
(GnRH) in dairy cows, within the scope of stimulating ovulation
with artificial insemination (AI), is to increase the chances of

pregnancy (Thatcher et al. 1993). However, it can be seen that
pretty different results can be obtained in studies of this type of
use of GnRH (Wiltbank and Pursley 2014). This issue is being
debated in many ways today and remains a focus of interest,
particularly where fertility losses may occur, depending on
whether GnRH injections are made at the appropriate time. The
success of GnRH in stimulating ovulation is directly related to
the diameter of the dominant follicle (DF). Studies in cattle have
shown that ovulation of small-diameter DFs may result in lower
pregnancy rates than large DFs. This is assumed to be due to the
lack of oocyte maturation due to GnRH injection, which was not
performed at the appropriate time. Follicle diameter plays a key
role in the success of GnRH stimulation. Failure to control this
follicle diameter may adversely affect the pregnancy rates
(Kastelic and Mapletoft 1998). Since the DF diameter has been
proven to be different in both cows and heifers, also in two or
three wave cycles (Sirois and Fortune 1988; Ireland et al. 2000),
it is not always possible to control the size of the DF according to
GnRH stimulation. Moreover, the fact that luteolysis is either
natural (Ireland et al. 2000; Savio et al. 1993; Knopf et al.
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1989; Ginther et al. Ginther et al. 1989a, 1989b) or induced
(Kastelic et al. 1990; Kastelic and Ginther 1991) affects the di-
ameter of the DF. In this case, GnRH injection time will be of
critical importance by controlling the ovarian functions and pos-
itively contributing to pregnancy rates. For example, significant
reductions in pregnancy rates have been observed (Schmitt et al.
1996) due to the shortening of the estrus cycle (Stevens et al.
1993) as a result of GnRH stimulation following 24 h of prosta-
glandin (PG) administration. This phenomenon has been ob-
served after PG injections during the dominant period of the first
follicular wave (Taponen 2003). Therefore, the objective of this
study was to investigate the efficiency of GnRH administrations
at different time points after induced luteolysis on pregnancy
rates in low-yielding subfertile local cows.

Materials and methods

Animals and management

The study was carried out under field conditions, during the
artificial insemination (AI) examinations (between February
and May), in the central villages of Van Province (Turkey)
(38.5972516, 43.3894878). One thousand six hundred and ten
healthy and subfertile (this concept will be described in detail
below) lactating local cows of different ages (3–6 years) and
races (710 native black cattle, 376 south-eastern Anatolian red
cattle, 188 Swiss brown, and 336 cattle from different cross-
breeds) were used, cows which had given birth at least one time
before. Average daily milk yield was 7.2 ± 3.5 kg and the ani-
mals were 109 ± 26 days (mean ±S.D.) in lactation. Animals
used in this study belonged to various small and poor family
farms. The number of animals ranged from 2 to 11. In these
groups, 2–5 of the animals were dairy cows. There was no ani-
mal registry system. These animals were housed in stalls during
the year from October to May. During this period, there was no
ration that was arranged according to the needs of the feeding of
animals. The animals were fed with inadequate and low-quality
straw, barley, and clover. From June to September, the animals
were grazed on very low-quality grasslands in the region, so all
the animals had various degrees of protein, energy, and mineral
deficiency. The stalls where the animals housed were generally
too narrow and too dark. Also, milking was done by hand.

Reproductive state of the animals

According to the general examinations of all animals, there were
no health problems in all animals. The most recent births of these
animals were normal and carried no problems. No problemswere
encountered during the postpartum periods. However, there were
two reproductive problems according to both the report of farmers
and our examination of the genital organs, which are listed below:

1. The animals whose external heat symptoms cannot be
observed by farmers: in the rectal ultrasonographic exam-
inations of these animals, two different groups were de-
termined according to the ovarian findings: (1) small ova-
ries and ovaries without functional structures (like corpus
luteum (CL) and Graaf follicle) (animals with inactive
ovarian) and (2) ovaries with an active CL (animals with
subestrus or silent heat).

2. The animals whose external heat symptoms can be ob-
served by farmers: however, despite the correct timing
of single dose AI (without ovulation control), pregnancy
could not be achieved in these animals. In the rectal ultra-
sonographic examinations of these animals, no abnormal-
ities were found in the genital system (animals with prob-
able ovulation problems).

Experimental design

Cows were divided into 4 groups. Groups were formed ac-
cording to the number of animals examined within the regions
visited. In this way, homogenous injection groups were
formed in small family farms close to each other. Estrus cycles
(regardless of the presence of Cl in the ovary) were synchro-
nized by two, with 11-day intervals, injections of the
Prostaglandin F2α-analogue (PG, 25 mg dinoprost
tromethamine, Dinolytic®, Zoetis). The AI (Specifications
Semen; motility is at least 70%, density 20 × 106/dose, dead
live rate 5%, abnormal sperm rate 3%.) of all animals, without
estrus observations, was performed at the 72nd and 96th hours
following the last PG injection. The animals in groups I (n
257), II (n 337), and III (n 675) were used for the administra-
tion of single-dose GnRH (100 mcg buserelin acetate,
Ovarelin®, Ceva). Accordingly, GnRH was applied at 48th,
64th, and 72nd hours following the last PG injection. Group
IV was the control without GnRH injection (n 341).
Pregnancy examination by the transrectal ultrasonography
was performed once between the days 30 and 40 after AI.

Statistical analysis

Descriptive statistics for the continuous variables were pre-
sented as mean, standard deviation, and minimum and maxi-
mum values while count and percentages were representing
for categorical variables. Either Z test or Chi-square test was
used to compare pregnancy rates of the groups. In addition,
logistic regression analysis was also performed to determine
the relationships between pregnancy rate and the explanatory
variables of age, parity, and milk yield. The statistical signif-
icance level considered was 5% and SPSS statistical program
was used for all statistical computations.
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Results

The transrectal ultrasonographic results between 30 and
40 days after AI and the statistical comparisons of these values
are summarized in Tables 1 and 2. The pregnancy rates for
groups I, II, III, and VI were 89.88%, 91.09%, 83.25%, and
77.12% respectively. The results in the groups showed that
pregnancy rates in subfertile dairy cows could be increased
by 6–14% with GnRH treatments. And also, the different
pregnancy rates obtained proved that the injection time points
of GnRH were also very effective in stimulating ovulation
following luteolysis (P < 0.001). Our study showed that there
may be a 2–8% (P < 0.05) reduction in pregnancy rates due to
injections of GnRH at different time points to stimulation of
the ovulation after PG-induced luteolysis. In this study, max-
imal pregnancy rates could be obtained with GnRH injections
at the 48th and 64th hours following the luteolysis (P
< 0.001). GnRH injections at the 72nd hour (during AI) re-
sulted in a 6–8% reduction in pregnancy rates (P< 0.001).
These dramatic losses and gains in pregnancy rates empha-
sized the necessity of taking the timing of injection point into
account when using GnRH to stimulate ovulation. According
to the logistic regression analysis, age, parity, and milk yield
of the animal variables did not have an extra effect on preg-
nancy rates (Table 2).

Discussion

Estrus and ovulation following the PG-induced luteolysis in
healthy cattle have been widely reported in the literature
(Silvia et al. 1991; Skarzynski et al. 2008; Ginther et al.
2009). In the present study, luteolysis was successfully
achieved in subfertile cows by the use of PG injections with
11-day intervals. With the removal of progesterone influ-
ence, animals could be clinically observed to enter the fol-
licular phase (Xu et al. 1997). The current study showed that
luteal structures formed by spontaneous ovulations are high-
ly sensitive to PG, despite the lack of coordination between
the hypothalamus and pituitary in subfertile cows. However,
our results also revealed the need for GnRH support after
luteolysis for optimal ovulation and pregnancy rates (P

< 0.001). In double-dose PG-induced cows, low progester-
one levels prior to the second PG injection after luteolysis
are responsible for fertility losses due to inadequate (Savio
et al. 1993; Sirois and Fortune 1990; Stock and Fortune
1993) spontaneous preovulatory luteinising hormone (LH)
release (Xu et al. 1997). In the present study, the proposed
GnRH injection following PG-induced luteolysis may be a
prophylactic intervention against this loss. In addition,
double-dose PG + GnRH synchronization may be a signif-
icant alternative to the extremely high pregnancy rates (80–
90%) obtained in the experimental groups like a much quite
popular Ovsynch protocol which has been used twice as
GnRH (Pursley et al. 1995).

Ovulation is probably the most important and critical stage
of reproductive physiology in mammals. LH plays a key role
in initiating this process. LH leads to the ovulation and causes
ovulatory follicle lutealization (Algire et al. 1992). GnRH is a
decapeptide that regulates both LH and FSH release in most
mammals (Thatcher et al. 1993; Schally et al. 1971). Induction
of ovulation of the DF is possible (Silcox et al. 1993) by the
use of either exogenous GnRH or its agonists and it was re-
ported that ovulation occurred between 24 and 32 h after
GnRH injection in a synchronization protocol (Pursley et al.
1995). The concentration of FSH and LH in the blood remains
elevated for 3–5 h upon injection of exogenous GnRH or its
agonists (Juengel et al. 2000). In this way, ovulation in cattle
can be controlled by stimulating them with GnRH. We also
compared the pregnancy rates of GnRH administrations at
different time points after induced luteolysis in this study.
Our goal here was to determine the more appropriate injection
time point, for maximal pregnancy rate, of the GnRH. We
especially preferred subfertile animals as materials because
the role of GnRH in indirectly altering the rate or efficiency
of oocyte maturation in low-fertility cows warrants study
(Thatcher et al. 1993).

In this study, it was observed that GnRH contributed sig-
nificantly to pregnancy rates by stimulating ovulation in
subfertile cows (P< 0.001). This result indirectly draws atten-
tion to the presence of some defects in the mechanism of
ovulation in subfertile cows, the inability to release spontane-
ous GnRH. To our knowledge, inadequate secretion of GnRH
from the hypothalamus in dairy cows is mainly due to major
diseases, stress, and inadequate nutrition. In addition, signifi-
cant imbalances in the times that animals are exposed to light
and darkness also caused the inadequate release of GnRH.
Indeed, this animal population used in our research was
housed in dark stalls for about 6 months depending on the
climatic conditions of the Van Province–Turkey. These ani-
mals also had important nutritional problems.

This study showed that the pregnancy rates can be in-
creased by 6–14% with the support of GnRH in the animals
hosted in such climate and maintenance conditions. The cur-
rent study, however, also proved that the injection time of

Table 1 The pregnancy rates in the groups

Group Pregnant (n) Non-Pregnant (n) Pregnancy rate (%)

I 231 26 89.88a

II 307 30 91.09a

III 562 113 83.25b

IV (control) 263 78 77.12c

Total 1363 247 84.65

The values with different superscript letters indicate P< 0.001
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GnRH in inducing ovulation following luteolysis was also
very effective, except the embryo losses, in pregnancy rates
(P < 0.001). Our study showed that there may be a 2–8% (P
< 0.05) reduction in pregnancy rates due to injections of
GnRH at different times to stimulation of the ovulation fol-
lowing PG-induced luteolysis. In this study, maximal preg-
nancy rates could be obtained with GnRH injections per-
formed at 48th and 64th hours, especially after luteolysis in-
duction (P< 0.001). GnRH injections at the 72 h (during AI)
resulted in a 6–8% reduction in pregnancy rates (P < 0.001).
These dramatic losses and gains in pregnancy rates in our
study emphasized the necessity of taking the time of injection
point into account when using GnRH to stimulate ovulation. It
can be said that the success of GnRH stimulation of ovulation
is directly related to the follicle wave dynamics at the time of
injection point and the character of the dominant follicle.
Administration of GnRH during the bovine estrous cycle
causes regression or ovulation of the dominant follicle and
initiates the emergence of a new wave of follicular growth
within two to 3 days following treatment (Silcox et al. 1993;
Kohram et al. 1998). Atresia or ovulation of the dominant
follicle depends on the status of the dominant follicle (grow-
ing, static, or regressing) at the time of GnRH injection
(Twagiramungu et al. 1994; Dirandeh et al. 2009). The reac-
tion during the injection of follicle against GnRH injection can
be explained by the LH receptor capacity. There are no LH
receptors expressed by granulosa cells in the first 2 days of a
follicular wave. Follicles acquire LH receptors during the de-
viation process (Ginther et al. 1996) that are required for ovu-
lation (Xu et al. 1997).

Oocytes that are ovulated with GnRH injection but are not
mature for fertilization are still in our minds as the factors that
can cause lower pregnancy rates in all experimental groups.

Our study presented in this case would argue that the success
of exogenous GnRH should be based on pregnancy outcomes
rather than ovulation. This can be supported by Pursley et al.
(1995)‘s study. These investigators detected the presence of
ovulation by GnRH injections performed after 48 h in each of
the 20 animals (100%), but the pregnancy rates were limited to
only 50%. In this study (Pursley et al. 1995), it cannot be said
that a 50% reduction in the pregnancy rate is due to definitely
immature oocytes. However, no doubt, “the oocytes were all
mature and the cause of pregnancy rate losses was 100% of
other poly-factors” would also not reflect the truth.

It should be noted that geologic localization, the phys-
iological status of the animal, race, nutrition, herding
management, and general herd fertility can also be influ-
ential in the significant variations in success rates
achieved with GnRH-supported studies under the AI pro-
tocol (Morgan and Lean 1993).

As a result

Studies have shown that there are strong relationships among
the fertility in milk cows and physiological life span and dom-
inance of the follicle. In our study results, with different and
important pregnancy rates, we also estimate that it is effective
in determining the ovulation and pregnancy rates of the dom-
inant follicle developmental stage at the time of GnRH injec-
tion, following the PG-induced luteolysis. Our study suggests
that breeders may be advanced in order to obtain pregnancies
of over 90% by the single injection of GnRH (100 mcg
buserelin) at the 64th hour following a double dose of PG-
induced luteolysis in cows. This rate is particularly satisfacto-
ry for subfertile animals. However, it should not be forgotten
that the different results (higher or lower pregnancy rates)

Table 2 Odds ratios for the
variables (age, parity, and milk
yield) included in the logistic
regression model for pregnancy
rates

(B) Coefficient Standard error Wald I Odds ratio
(Exp(B))

95% C.I. for odds
ratio

Lower Upper

Group 28.099 .001

Group I .943 .252 14.017 .001 2567 1567 4205

Group II 1127 .246 20.976 .001 3088 1906 5002

Group III .317 .174 3338 .068 1373 .977 1931

Age − .088 .086 1049 .306 .916 .774 1083

Milk yield .075 .025 8963 .003 1078 1026 1132

Parity 16.053 .003

Parity 1 − .923 1074 .739 .390 .397 .048 3259

Parity 2 − 1180 1058 1246 .264 .307 .039 2441

Parity 3 − .751 1060 .502 .478 .472 .059 3766

Parity 4 .432 1139 .144 .704 1541 .165 14.364

Constant 2.116 1.215 3033 .082 8297

The last categories of the group (group IV) and parity (parity 5) are considered the reference category
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obtained in similar applications in the field may be due to the
specific character of the follicular wave number and the pre-
ovulatory dominant follicle.

Since our present study was carried out on a large animal
population spread over different regions in the field, the func-
tional structures of both hormones and ovaries before and after
GnRH injection could not be investigated with ultrasound
examination. In the future, similar GnRH studies with endo-
crinological and ultrasonography-assisted studies may pro-
vide quantitative benefits as well as clinical findings in order
to understand the highly complex mechanism of ovulation.
Considering the harsh climate conditions of our study, the
long-lasting winter might have an effect on the different re-
sults of subfertile animals while the temperature stress will be
of another interest for future studies. However, it should not be
forgotten that in vitro production and transfer of immature
oocytes obtained by follicular aspiration may be an alternative
solution in cases where the desired fertility values are not
achieved with ovulation induced by GnRH injection.
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