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Moijtaba Goli'* We investigated the effect of epidural versus intramuscular administration of
 0000-0003-4393-6493 alarelin acetate (GnRHa; 25 pg) at artificial insemination (Al; day O) and/or
7 days after Al on the pregnancy rate (PR) of Holstein cows that exhibited
FacultyofVGte]r';a'aZriyUJie";'r:i:Z' estrus spontaneously after their voluntary wait period. Cows (n = 117) were
Department of Clinical Sciences, randomly allocated to treatment and control groups. In groups IMO, IM7, and
Kermanshah, ran. IMO7 (n = 12 per group), cows received GnRHa intramuscularly (IM) at 0 or
T 7 days, or both, respectively. In groups EPO (n= 19), EP7 (n = 13) and EPO7
Email address: (n=11), cows received GnRHa at the sacrococcygeal epidural site (EP) at O
mojtabagoli@razi.ac.ir or 7 days, or both, respectively. Animals in the control group (CON) received

5 mL of normal saline at 0 and 7 days. Pregnancy diagnosis was performed by
rectal palpation of the uterine horns 60 days post Al. Results showed a sig-
nificant difference in PR/first Al between IMO and EP7 groups (16.67% vs.
61.54%; P < 0.05). Moreover, the results showed no significant differences in
overall PR after two rounds of inseminations among all groups 60 days after
the second Al In conclusion, epidural injection of GnRHa 7 days after Al versus
its intramuscular injection at Al improved PR/first Al significantly in Holstein
lactating cows.
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Study contribution

Many methodologies are being used to improve reproductive efficiency, including
the use of reproductive hormones. Gonadotropin releasing hormone plays a central
role in mammalian reproduction. The induction of ovulation with exogenous gonad-
otropin releasing hormone could improve the reproductive efficiency by inducing
ovulation or increasing circulating progesterone. In addition to the hypothalamus
and pituitary gland, gonadotropin releasing hormone receptor have been shown
to be expressed in extra-pituitary tissues including the spinal cord. Therefore, this
experiment compared the effects of epidural versus intramuscular administration
of a gonadotropin releasing hormone agonist at artificial insemination and/or on
day 7 after artificial insemination on the reproductive performance of postpartum
Holstein lactating cows. The results of this study showed that epidural injection of
a gonadotropin releasing hormone agonist 7 days after Al versus its intramuscular
injection at artificial insemination significantly improves pregnancy rate to the first
artificial insemination in Holstein lactating cows.

Introduction

Reproductive efficiency is one of the key components of a profitable dairy sys-
tem,(1) so is of great economic importance in the dairy industry.(?) It also has major
impacts on the profitability of dairy producers and many methodologies are being
used to improve it, including the use of reproductive hormones to regulate and
control the estrus cycle.(3) Conception rates in dairy cows have decreased over the
last three decades associated with physiological and endocrine changes.*) The
induction of ovulation with exogenous gonadotropin releasing hormone (GnRH)
or human chorionic gonadotropin (hCG) could improve the reproductive efficiency
by increasing circulating progesterone (P4) leading to increased early embryo de-
velopment or by changing timing of corpus luteum (CL) regression due to changes
in follicular dynamics.®®) In the postpartum cow, failure to ovulate, failure of con-
ception, or early embryonic loss have been mentioned as causes of sub-optimal
reproductive performance.(!) Reduced pregnancies per artificial insemination (Al) in
lactating dairy cows in confinement systems have led to dramatic reproductive
inefficiency in the dairy industry.(®) Economic loss from reproductive inefficiency is
associated with long calving intervals that result from low conception rates for the
first breeding.(?) For dairy cows, a calving interval of 12 to 13 months is generally
considered economically optimal, and detection of estrus and rate of conception
are integral components in achieving this calving interval.()

Gonadotropin Releasing Hormone (GnRH) is a hypothalamic decapeptide that
acts on gonadotropes in the anterior pituitary gland to release the gonadotropins,
luteinizing hormone (LH) and follicle stimulating hormone (FSH),(®9) therefore, it
plays a central role in mammalian reproduction.('9) Approximately 25 % of bovine
embryos are lost during the first 3 weeks of life. The maintenance of progesterone
secretion by a viable corpus luteum is vital to early pregnancy and untimely luteol-
ysis is probably a major cause of embryo loss. The use of GnRH as a ‘holding’ in-
jection on the day of insemination to improve the chances of successful pregnancy,
particularly in repeat breeder cows, has been a major indication for the commercial
product for decades. The scientific rationale has been to induce ovulation at the
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appropriate time relative to insemination and to stimulate luteinization, thereby
improving the chances of successful fertilization and embryo survival. However, its
efficacy has been equivocal because individual studies have often lacked the sta-
tistical power to achieve significant results and therefore, outcomes have been very
variable.(1) Treatment regimens for cattle also include early postpartum treatments
with GnRH or agonists, relative to the first breeding, at the time of Al in repeat
breeder cows, and in the luteal phase after AL(2) The pharmacological basis for
the therapeutic use of GnRH derives from its physiological effect of stimulating the
release of LH and FSH from the anterior pituitary gland.('")

In addition to the hypothalamus and pituitary gland, GnRH and its receptor
(GnRHR) have been shown to be expressed in extra-pituitary tissues including the
ovary,(1?) testis, placenta, adrenal and mammary gland. Distribution and the local-
ization of GnRH and GnRHR have been identified in several animals such as the
chicken, horse, cattle, monkey and pig, using immunohistochemistry.(!®) Particular-
ly, Ramakrishnappa et al.('¥) reported the presence of GnRH-receptor messenger
RNA in bovine ovary, in both follicle and corpus luteum tissue. Moreover, GnRH
receptors are also expressed at all levels of the mammalian spinal cord.(1>) These
premises highlight the likelihood that GnRH analogs may trigger their effects by
action not only on pituitary receptors, but also on extrapituitary ones. This route can
also be used for administering hormones and analog to achieve a selective local
pharmacological response. As the bovine ovaries are innervated by sympathetic
neurons derived from the ovarian plexus nerve and the hypogastric nerve, the epi-
dural administration could indirectly influence ovaries.('®) It has been reported that
administration of lecirelin, a GnRH analog, into the epidural space did not induce
any side effect, such as meningitis, neuritis, or local inflammation.(17) Additionally,
GnRH agonist may enhance its capacity of binding receptor by 100-200 times.(18)

The expected role of GnRH injected around the time of estrus is the induction
of ovulation for the ovulatory follicles without stimulating the growth or the develop-
ment of the subordinate follicles to be ovulatory ones.('9) In most of the studies on
the effect of administration of GnRH on cows during estrus on their conception rate,
the hormone was administered at the time of Al without consideration of the time
elapsed since the onset of estrus. In a meta-analysis of 40 trials described in 27
papers, a significant effect of GnRH administration at the time of Al was found.?9)

If GnRH is injected during the luteal phase of the cycle, the resulting LH release
stimulates either ovulation or atresia of the dominant follicle. Depending on follicu-
lar status at the time, treatment GnRH during the luteal phase likely advances either
atresia, luteinization, or, ovulation followed by luteinization. Apart from stimulating
progesterone secretion, these changes also decreased oestradiol-17f production.
In turn, decreased oestradiol-17f production could inhibit up-regulation of oxytocin
receptors and consequent inhibition of PGF2a secretion. Therefore, a reduction in
estradiol secretion at this time might be expected to inhibit the luteolytic mecha-
nism allowing some pregnancies to continue.(! ) However, the presence of GnRH
and GnRH receptors on the spinal cord and ovary in some species, and the kind of
innervation of the ovary, let us hypothesize that GnRH and its analogs may also act
when administered by epidural route, as happens for other drugs.('®) Therefore,
this experiment compared the effects of epidural vs intramuscular administration of
a GnRH agonist, Alarelin acetate, at Al and/or on Day 7 after Al on the reproductive
performance of postpartum Holstein lactating cows (DIM: 76.0 £ 13.5 days).


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Gonadotropin releasing hormone and fertility of Holstein cows Original Research W ¢ / 2

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.986
Vol.91 2022

Materials and methods

Ethical statement

All experimental procedures were approved by the Research Ethics Committee of
Razi University (No. 396-2-013), Kermanshah, Iran.

Animals

The experiment was conducted on 117 multiparous Holstein lactating cows with
parity ranging from 2 to 4 on a Holstein dairy farm in Kermanshah (with a hot-sum-
mer Mediterranean climate (Csa); 34.4576 ° N, 46.6705 ° E, altitude: 1 350 m
above sea level, average low and high temperature: —1.7 °C and 37.8 °C in Decem-
ber and July, average low and high relative humidity: 23 % and 75 % in January
and July, respectively, and average annual precipitation: 478.7 mm), the capital
city of Kermanshah province, west of Iran from June 2015 to February 2016. The cows
(approximately 76.0 £ 13.5 days in milk) were housed in a free stall with open-air
and sheltered areas, milked thrice daily throughout the experiment at approximate-
ly 8-h intervals, and average daily milk yield was 30.0 £ 5.0 kg/cow/d. The body
condition score of the animals included in the study was ~ 3.0 (with a 1-5 scale)
at Al. The animals were confirmed clinically not to have systemic or reproductive
problems before being assigned to the study and fed a diet based on Sudan hay,
alfalfa hay cubes, corn silage, chopped straw and concentrate supplements includ-
ing minerals and vitamins after the milking time.

Study groups

The cows were inseminated approximately 12 h after being observed in standing
estrus by an experienced inseminator with proven and qualified frozen-thawed se-
men provided by an approved center for collecting and preparing semen. Then the
animals were assigned randomly to one of the study groups according to their par-
ities, so that an approximately similar distribution of the parities could occur in the
groups: EPO, the cows received 25 pg alarelin acetate (Alarelin acetate, Vetaroline,
10 mL vial, 5 pg/mL, Aburaihan pharmaceutical Co., Tehran, Iran) at the sacrococ-
cygeal epidural site (EP) using a 21-gauge needle at Al (n = 19); EP7: the cows re-
ceived 25 pg Alarelin acetate EP at Day 7 after Al (n = 13); EPO7: the cows received
25 pg Alarelin acetate EP at Al and the same dose at Day 7 after Al (n=11); IMO:
the cows received 25 pg Alarelin acetate intramuscularly (IM) at Al (n = 12); IM7:
the cows received 25 pg Alarelin acetate IM at Day 7 after Al (n = 12); IMO7: the
cows received 25 pg Alarelin acetate IM at Al and the same dose at Day 7 after Al
(n=12); CON: the cows received 5 mL sterile saline solution at Al and the same
dose at Day 7 after Al (n = 38).

Pregnancy diagnosis

Pregnancy diagnosis was performed by rectal palpation of the uterine horns 60
days after Al. Cows returning to estrus before 60 days after the first Al in all treat-
ment groups were re-inseminated 12 h after standing estrus and examined 60
days later for pregnancy status. Data including cow number, parity, date of the last
calving, date of the first Al, result of the first pregnancy diagnosis, date of the second
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Al and result of the second pregnancy diagnosis were recorded for future analysis.
The pregnancy rate to the first Al (PR/1st Al) was defined as the percentage of
cows that were pregnant on day 60 after Al out of the total number of cows in
the corresponding group. The cumulative pregnancy rate (CPR) was defined as
the percentage of cows that were pregnant after two rounds of the Al (first Al plus
return Al) on day 60 after the second Al out of the total number of cows in the
corresponding group.

Statistical analysis

Data were analyzed using SAS® software (SAS System, Release 9.4. Cary, NC, USA:
SAS Inst. Inc.). The analyses were performed in two steps including pregnancy
rates to the first Al (PR/15t Al) and overall or cumulative pregnancy rates to the
first and second Als (CPR) by Logistic Regression method using Proc Genmod for
determining the probability of significant differences among the treatment and con-
trol groups. %2 square statistics were used to determine the degree of difference
between the experiment and control groups and the level of significance was set
at P <0.05.

Results

Pregnancy rate to the ISt Al

The numbers (%) of the cows in the experimental and control groups that were
diagnosed to be pregnant to the first Al by rectal palpation 60 days after Al is shown
in Table 1. Statistical analysis showed that the difference in PR/first Al was statistically
significant only between the groups EP7 and IMO (P < 0.05). The differences in
PR/first Al between each of these two groups and the others and among the other
groups were not statistically significant (P = 0.05, Table1).

Cumulative pregnancy rate

Twelve of the 117 cows that were used in the experiment were culled from the
herd after the second Al and before being examined via rectal palpation for preg-
nancy status because of different reasons such as low milk yield and lameness.
Thus, they were excluded from the final analysis. Therefore, 105 cows were used
for further analysis.

The numbers (%) of the cows in the experimental and control groups that
were diagnosed to be pregnant after two rounds of Als by rectal palpation 60
days after the second Al are presented in Table 1. Statistical analysis showed no
significant difference among the study groups in CPR to the first and second Als
(P =0.05, TableT).

Discussion
Conception rates in dairy cows have decreased over the last three decades associ-
ated with physiological and endocrine changes.(*) The induction of ovulation with
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Table 1. Pregnancy rate to the first Al (PR/first Al; pregnant cows/total cows in the corresponding group)
and cumulative pregnancy rate (CPR; pregnant cows/total cows in the corresponding group) to the first
and second Al in Holstein lactating dairy cows received alarelin acetate at the sacrococcygeal epidural site (EP)
using a 21-gauge needle and/or 7 days after Al

| Gow' | EPo | EP7 | EPO7 | MO | M7 | IMO7 | CON | Total |

TPR/1St Al (%) 7/198  g/13@ 371186 /120 471286 g/128b 167383 46/117
(36.84) (61.54) (27.30) (1667) (33.33) (50.00) (42.10) (39.32)
1CPR (%) 12/198  9/112 5/112 6/112 7/10° 7/102  23/33@  69/105

(63.16) (81.82) (45.45) (5455) (70.00) (70.00) (69.70)  (65.71)

“Cows received 25 g alarelin acetate at the sacrococcygeal epidural site (EP) using a 21-gauge needle at Al (EPO), at Day 7 after Al
(EP7), at Al and at Day 7 after Al (EPQ7), or intramuscularly at Al (IMO), at Day 7 after Al (IM7), and at Al and at Day 7 after
Al (IM07); TPR/1st Al: The percentage of cows pregnant at day 60 after Al out of the total number of cows in the corresponding
group. CPR: The percentage of cows pregnant after two rounds of Al (first Al plus return Al) at day 60 after the second Al out
of the total number of cows in the corresponding group.2PDifferent superscript letters within a row denote significant difference
(P<0.05).

exogenous GnRH could improve the reproductive efficiency by increasing circulat-
ing P4 leading to increased early embryo development or by changing timing of
CL regression due to changes in follicular dynamics.(>) Several studies have tested
the effect of GnRH given at the time of Al(“20-22) and at different times before('®)
or after Al,(2123-25) with conflicting results. Equivocal effects on fertility may have
been due to different reproductive management systems used in the various exper-
iments.(2°) In this study, an investigation was conducted into the effects of epidural
versus intramuscular injection of an analog of GnRH, Alarelin acetate, at and/or 7
days after Al on pregnancy rates in multiparous Holstein lactating cows exhibited
estrus spontaneously after the voluntary wait period approximately 76.0 = 13.5
days postpartum. Analyses of the data showed a significant difference in the PRs
between the cows in EP7 and IMO groups on Day 60 after the first Al, but no
significant difference in PRs to the first Al was found between each of these two
groups with EPO, EPQ7, IM7, IMO7, and CON groups and among the latter groups
themselves. Perry and Perry(?2) reported no improvement in first-service concep-
tion rates by administration of GnRH at the time of Al in beef cattle. In this study
although numerically more PRs to the first Al were observed in the cows in EP7 and
IMO7 groups vs CON group, the differences were not significant. In contrast,
although numerically fewer PRs to the first Al were found in the cows in EPO,
EPO7, IMO, and IM7, the differences were not significant. Also, the results showed
no significant differences in the CPRs 60 days after the second Al among the study
groups. Most CPR to the first and second Als 60 days after the second Al was found
in the cows in the EP7 group (81.82 %), but the difference between EP7 and the
other groups was not significant.

Inconsistent results have been reported about the effects of GnRH and its
agonists administered near or at the breading on the reproductive performance in
cattle. Some studies found significant or insignificant improvements in conception
rates.( 11 27-31) whereas others reported no benefit from GnRH treatment at the
first breeding.(2122.32) Of the research reporting the significant advantage, the in-
crease in conception rate varied from 4.6 to 13.3 %.() Heuwieser et al.(?) reported
6.4 and 6.9 % improvements in conception rate for cows in second or greater
lactation, respectively. The authors also stated that cows in the first lactation will not
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benefit from a GnRH injection at 25 to 35 d after calving, but cows in second or
greater lactation will benefit from a GnRH injection at 25 to 35 d after calving.(?)
Kharche and Srivastava®!) indicated that the pregnancy rate in crossbred cows
could be improved by the GnRH treatment, Buserelin-acetate at the time of Al.
Madureira et al.(3%) stated that treatment with GnRH at the time of Al increased fer-
tility sometimes in Bos indicus cows but not in heifers. In an experiment carried out
in winter, it was shown that GnRH or its analogs increased conception rate when
administered at the onset of estrus but had no effect when administered later in
the estrous period.®4) In another experiment, Aboul-Ela and El-Keraby©>) found
that treatment with GnRH at the time of Al resulted in a significant increase in the
conception rate from the first insemination over that of the control group in Friesian
cows. Drew and Peters(®%) carried out a study where GnRH was administered to
dairy cows on the day of the first insemination, and the overall response was a
non-significant increase in PR. In contrast, the results of a study showed that treat-
ment with GnRH at Al following detection of cattle in standing estrus did not in-
fluence conception rates or overall pregnancy rates among beef cows and heifers.
In dairy cows, there have been conflicting results regarding the benefit of GnRH
treatment at Al, but it appears most beneficial in cows with decreased fertility.(22)

The use of a single GnRH injection before or after Al to increase pregnancy rates
has been described in both dairy and beef cattle.(2!) Some studies have reported
significant improvements of 10—12 % in pregnancy rates%37) while others did not
report.(?53839) Szenci et al.(2!) reported that intramuscular administration of 50 ug
of a GnRH agonist on Day 12 after Al did not improve reproductive performance
in Holstein—Friesian dairy cows, so a single injection of GnRH at Day 12 post-Al
cannot be recommended as a general method for improving reproductive perfor-
mance in dairy cows. Lopez-Gatius and Garcia-lspierto(?) stated that the treatment
of Holstein-Friesian dairy cows with a GnRH analog intramuscularly 5—7 days after
Al had no effects on non-repeat breeders, but improved fertility in repeat-breeder
cows. Rizzo et al.(1®) reported that epidural administration of lecirelin (a GnRH
analogue) significantly improved PRs in pluriparous Friesian cows affected by fol-
licular cysts compared to intramuscular administration. Chebel et al.(?*) reported
that resynchronization with GnRH given on Day 21 after Al for initiation of a timed Al
protocol before pregnancy diagnosis does not affect pregnancy rate and pregnancy
loss in lactating dairy cows. Another study reported that treatments with GnRH
increased conception in primiparous cows during summer, and in cows with lower
body condition.(29) Equivocal effects on fertility may have be due to different repro-
ductive management systems used in the various experiments.(“0-42) Therefore,
the decision for routine use of GnRH should consider that efficacy depends upon
body condition, parity, and time of administration.()

Conclusions

It was concluded that epidural and/or intramuscular administration of an analog of
gonadotropin releasing hormone, Alarelin acetate, at Al and/or at Day 7 after Al in
multiparous Holstein lactating dairy cows that exhibited estrus spontaneously after
their voluntary wait period improved PRs significantly only in the cows that received
GnRHa at the sacrococcygeal epidural site 7 days after Al (EP7) compared to the
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cows that received the hormone intramuscularly at Al (IMO). However, there were
no significant differences between each of these two groups and the EPO, EPO7,
IM7, IMO7, and CON groups. Also, cows in EP7 and IMO7 groups showed numer-
ically greater PRs to the first Al compared to CON, but the differences were not
statistically significant. Moreover, the results revealed no significant differences in
overall PRs to the first and second insemination among all treatment and control
groups 60 days after the second Al.
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during this research are available from the corresponding author on reasonable
request.

Funding statement

The research was conducted as a DVM thesis at Razi University, Faculty of Veterinary
Medicine and Sirous Mozaffari, was a DVM student in the faculty. This research was
conducted with support from a local dairy farm in Kermanshah, Iran by providing
the animals, labor and necessary records, but the farm owner played no role in
study design, data collection and analysis, decision to publish, preparation of the
manuscript, and financial funding.

Conflicts of interest
The authors have no conflict of interest to declare in regard to this publication.

Author contributions
Conceptualization: M Goli.

Investigation: M Goli, S Mozaffari.

Methodology: M Goli, S Mozaffari.

Supervision: M Goli, S Mozaffari.

Validation: M Goli, S Mozaffari.

Writing — original draft: S Mozaffari.

Writing — review and editing: M Goli, S Mozaffari.

References

1. Tallam SK, Kerbler TL, Leslie KE, Bateman K, Johnson WH, Walton JS. Reproduc-
tive performance of postpartum dairy cows under a highly intervenient breeding
program involving timed insemination and combinations of GNRH, prostaglan-
din F2a and human chorionic gonadotropin. Theriogenology. 2001;56(1):91-
104. doi: 10.1016/50093-691X(01)00545-3.

2. Heuwieser W, Ferguson JD, Guard CL, Foote RH, Warnick LD, Breickner LC. Re-
lationships between administration of GnRH, body condition score and fertility
in Holstein dairy cattle. Theriogenology. 1994;42(4):703-714. doi: 10.1016/0
093-691X(94)90387-X.

3. Keskin A, Yilmazbas-Mecitoglu GU, Gumen A, Karakaya E, Darici R, Okut H. Effect
of hCG vs. GnRH at the beginning of the Ovsynch on first ovulation and concep-
tion rates in cyclic lactating dairy cows. Theriogenology. 2010,74(4):602-607.
doi: 10.1016/j.theriogenology.2010.03.0009.

4. Shephard RW, Morton JM, Norman ST. Effects of administration of gonadotro-
pin-releasing hormone at artificial insemination on conception rates in dairy
cows. Animal Reproduction Science. 2014;144(1-2):14-21. doi: 10.1016/].
anireprosci.2013.11.004.

5. Garcia-Guerra A, Sala RV, Carrenho-Sala L, Baez GM, Motta JC, Fosado M, et
al. Postovulatory treatment with GnRH on day 5 reduces pregnancy loss in
recipients receiving an in vitro produced expanded blastocyst. Theriogenology.
2020;141:202-210. doi: 10.1016/j.theriogenology.2019.05.010.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

0a
http://veterinariamexico.fmvz.unam.mx Gonadotropin releasing hormone and fertility of Holstein cows Original Research W 0 / 2

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.986
Vol.91 2022

6. Dewey ST, Mendonca LG, Lopes Jr G, Rivera FA, Guagnini F, Chebel RC, et al.
Resynchronization strategies to improve fertility in lactating dairy cows utilizing
a presynchronization injection of GnRH or supplemental progesterone: I. Preg-
nancy rates and ovarian responses. Journal of Dairy Science. 2010;93(9):4086-
4095. doi: 10.3168/ds.2010-3233.

7. Momucilovic D, Archbald LF, Walters A, Tran T, Kelbert D, Risco C, et al. Repro-
ductive performance of lactating dairy cows treated with gonadotrophin-releas-
ing hormone (GnRH) and/or prostaglandin F2a (PGF2a) for synchronization of
estrus and ovulation. Theriogenology. 1998;50(7):1131-1139. doi: 10.1016/
S0093-691X(98)00214-3.

8. Albertson AJ, Navratil A, Mignot M, Dufourny L, Cherrington B, Skinner DC.
Immunoreactive GnRH type | receptors in the mouse and sheep brain.
Journal of Chemical Neuroanatomy. 2008;35(4):326-333. doi: 10.1016/j.
jchemneu.2008.03.004

9. Kadokawa H, Pandey K, Nahar A, Nakamura U, Rudolf FO. Gonadotropin-releas-
ing hormone (GnRH) receptors of cattle aggregate on the surface of gonadotro-
phs and are increased by elevated GnRH concentrations. Animal Reproduction
Science. 2014;150(3-4):84-95. doi: 10.1016/j.anireprosci.2014.09.008.

10. Bas S, Pinto CG, Day ML, Schuenemann GM. Effect of intrauterine adminis-
tration of gonadotropin releasing hormone on serum LH concentrations in
lactating dairy cows. Theriogenology. 2012;78(6):1390-1397. doi: 10.1016/].
theriogenology.2012.06.020.

11. Peters AR. Veterinary clinical application of GnRH—questions of effica-
cy. Animal Reproduction Science. 2005;88(1-2):155-167. doi: 10.1016/].
anireprosci.2005.05.008.

12. Ramakrishnappa N, Rajamahendran R, Lin YM, Leung PC. GnRH in non-hypo-
thalamic reproductive tissues. Animal Reproduction Science. 2005;88(1-2):95-
113. doi: 10.1016/j.anireprosci.2005.05.009.

13. Wei S, Gong Z, Dong J, Ouyang X, Wei M, Xie K, et al. Effect of a GnRH ag-
onist on the FSH receptors in prepubertal ewes. Small Ruminant Research.
2012;105(1-3):237-243. doi: 10.1016/j.smallrumres.2012.02.014.

14. Ramakrishnappa N, van der Merwe GK, Rajamahendran R. GnRH receptor mes-
senger ribonucleic acid expression in bovine ovary. Canadian Journal of Animal
Science. 2003;83(4):823-826. doi : 10.4141/A03-053.

15. Dolan S, Evans NP, Richter TA, Nolan AM. Expression of gonadotropin-re-
leasing hormone and gonadotropin-releasing hormone receptor in sheep
spinal cord. Neuroscience Letters. 2003;346(1-2):120-122. doi: 10.1016/
50304-3940(03)00594-9.

16. Rizzo A, Campanile D, Mutinati M, Minoia G, Spedicato M, Sciorsci RL. Epidural
vs intramuscular administration of lecirelin, a GnRH analogue, for the resolu-
tion of follicular cysts in dairy cows. Animal Reproduction Science. 2011;126(1-
2):19-22. doi: 10.1016/j.anireprosci.2011.04.013.

17. Rizzo A, Minoia G, Trisolini C, Mutinati M, Spedicato M, Manca R, et al. Renin and
ovarian vascularization in cows with follicular cysts after epidural administration
of a GnRH analogue. Animal Reproduction Science. 2009;116(3-4):226-232.
doi: 10.1016/j.anireprosci.2009.02.016.

18. Wei SC, Gong ZD, Min WE. Studies of GnRH-A active immunization effects
on LH and FSH secretion and histostructure of the ovary and uterus in rab-


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

0a
http://veterinariamexico.fmvz.unam.mx Gonadotropin releasing hormone and fertility of Holstein cows Original Research W i / 2

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.986
Vol.91 2022

bits. Agricultural Sciences in China. 2011;10(10):1630-1637. doi: 10.1016/
S1671-2927(11)60161-2.

19. Hashem NM, El-Azrak KM, EI-Din AN, Taha TA, Salem MH. Effect of GnRH
treatment on ovarian activity and reproductive performance of low-prolif-
ic Rahmani ewes. Theriogenology. 2015;83(2):192-198. doi: 10.1016/j.
theriogenology.2014.09.016.

20. Kaim M, Bloch A, Wolfenson D, Braw-Tal RO, Rosenberg M, Voet H, et al. Effects
of GnRH administered to cows at the onset of estrus on timing of ovulation, en-
docrine responses, and conception. Journal of Dairy Science. 2003;86(6):2012-
2021. doi: 10.3168/jds.S0022-0302(03)73790-4.

21. Szenci O, Takdcs E, Sulon J, de Sousa NM, Beckers JF. Evaluation of GnRH treat-
ment 12 days after Al in the reproductive performance of dairy cows. Theriog-
enology. 2006;66(8):1811-1815. doi: 10.1016/].theriogenology.2006.04.034.

22. Perry GA, Perry BL. GnRH treatment at artificial insemination in beef cattle fails
to increase plasma progesterone concentrations or pregnancy rates. Theriog-
enology. 2009;71:775-779. doi: 10.1016/j.theriogenology.2008.09.050.

23. Chebel RC, Santos JE, Cerri RL, Galvdo KN, Juchem SO, Thatcher WW. Effect
of resynchronization with GnRH on day 21 after artificial insemination on
pregnancy rate and pregnancy loss in lactating dairy cows. Theriogenology.
2003;60(8):1389-1399. doi: 10.1016/S0093-691X(03)00117-1.

24. Campanile G, Vecchio D, Di Palo R, Neglia G, Gasparrini B, Prandi A, et al.
Delayed treatment with GnRH agonist, hCG and progesterone and reduced
embryonic mortality in buffaloes. Theriogenology. 2008;70(9):1544-1549.
doi: 10.1016/j.theriogenology.2008.07.003.

25. Loépez-Gatius F, Garcia-Ispierto . Treatment with an elevated dose of the GnRH
analogue dephereline in the early luteal phase improves pregnancy rates in
repeat-breeder dairy cows. Theriogenology. 2020;155:12-16. doi: 10.1016/j.
theriogenology.2020.06.011.

26. Wolfenson D, Thatcher WW, Savio JD, Badinga L, Lucy MC. The effect of a
GnRH analogue on the dynamics of follicular development and synchronization
of estrus in lactating cyclic dairy cows. Theriogenology. 1994;42(4):633-644.
doi: 10.1016/0093-691X(94)90380-2.

27. Bartolome JA, Melendez P, Kelbert D, Swift K, McHale J, Hernandez J, et al. Stra-
tegic use of gonadotrophin-releasing hormone (GnRH) to increase pregnancy
rate and reduce pregnancy loss in lactating dairy cows subjected to synchroni-
zation of ovulation and timed insemination. Theriogenology. 2005;63(4):1026-
1037. doi: 10.1016/j.theriogenology.2004.05.020.

28. Kim UH, Suh GH, Nam HW, Kang HG, Kim IH. Follicular wave emergence, luteal
function and synchrony of ovulation following GnRH or estradiol benzoate in a
CIDR-treated, lactating Holstein cows. Theriogenology. 2005;63(1):260-268.
doi: 10.1016/j.theriogenology.2004.04.005.

29. Sang R. Application of GnRH and GnRH analogues in animal reproduction. Chi-
nese Journal of Animal Science. 2005;4:55-58.

30. Lopez-Gatius F, Santolaria P, Martino A, Delétang F, De Rensis F. The ef-
fects of GnRH treatment at the time of Al and 12 days later on reproduc-
tive performance of high producing dairy cows during the warm season in
northeastern Spain. Theriogenology. 2006;65(4):820-830. doi: 10.1016/j.
theriogenology.2005.07.002.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Gonadotropin releasing hormone and fertility of Holstein cows Original Research W 2 / 2

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.986
Vol.91 2022

31. Kharche SD, Srivastava SK. Dose dependent effect of GnRH analogue on preg-
nancy rate of repeat breeder crossbred cows. Animal Reproduction Science.
2007;99(1-2):196-201. doi: 10.1016/j.anireprosci.2006.05.006.

32. Sterry RA, Silva E, Kolb D, Fricke PM. Strategic treatment of anovular dairy
cows with GnRH. Theriogenology. 2009;71(3):534-542. doi: 10.1016/].
theriogenology.2008.08.020.

33. Madureira G, Consentini CEC, Motta JCL, Drum JN, Prata AB, Monteiro PLJ, et
al. Progesterone-based timed Al protocols for Bos indicus cattle Il: Reproductive
outcomes of either EB or GnRH-type protocol, using or not GnRH at Al. Theriog-
enology. 2020;145:86-93. doi: 10.1016/j.theriogenology.2020.01.033.

34. Rosenberg M, Chun SY, Kaim M, Herz Z, Folman Y. The effect of GnRH ad-
ministered to dairy cows during oestrus on plasma LH and conception in rela-
tion to the time of treatment and insemination. Animal Reproduction Science.
1991;24(1-2):13-24. doi: 10.1016/0378-4320(91)90078-E.

35. Aboul-Ela MB, El-Keraby FE. The effect of treatment with a GnRH analogue on
postpartum reproductive performance in Friesian cows. Animal Reproduction
Science. 1986;12(2):99-107. doi: 10.1016/0378-4320(86)90049-7.

36. Drew SB, Peters AR. Effect of buserelin on pregnancy rates in dairy cows. The
Veterinary Record. 1994;134(11):267-269. doi: 10.1136/vr.134.11.267.

37. Sheldon IM, Dobson H. Effects of gonadotrophin releasing hormone adminis-
tered 11 days after insemination on the pregnancy rates of cattle to the first and
later services. The Veterinary Record. 1993;133(7):160-163. doi: 10.1136/
vr.133.7.160.

38. Ryan DP, Snijders S, Condon T, Grealy M, Sreenan J, O'Farrell KJ. Endocrine
and ovarian responses and pregnancy rates in dairy cows following the admin-
istration of a gonadotrophin releasing hormone analog at the time of artificial
insemination or at mid-cycle post insemination. Animal Reproduction Science.
1994:34(3-4):179-191. doi: 10.1016/0378-4320(94)90015-9.

39. Luttgenau J, Kogel T, Bollwein H. Effects of GnRH or PGF2 in week 5 post-
partum on the incidence of cystic ovarian follicles and persistent corpora lutea
and on fertility parameters in dairy cows. Theriogenology. 2016;85(5):904-913.
doi: 10.1016/j.theriogenology.2015.10.040.

40. Rettmer |, Stevenson JS, Corah LR. Endocrine responses and ovarian chang-
es in inseminated dairy heifers after an injection of a GnRH agonist 11
to 13 days after estrus. Journal of Animal Science. 1992;70(2):508-517.
doi: 10.2527/1992.702508x.

41. Stevenson JS, Phatak AP, Rettmer IM, Stewart RE. Postinsemination adminis-
tration of receptal: follicular dynamics, duration of cycle, hormonal respons-
es, and pregnancy rates. Journal of Dairy Science. 1993;76(9):2536-2547.
doi: 10.3168/}ds.S0022-0302(93)77589-X.

42. Thatcher WW, Drost M, Savio JD, Macmillan KL, Entwistle KW, Schmitt EJ, et al.
New clinical uses of GnRH and its analogues in cattle. Animal Reproduction
Science. 1993;33(1-4):27-49. doi: 10.1016/0378-4320(93)90105-Z.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.1016/0378-4320(93)90105-Z

