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Simple Summary: In dairy cows, current methods for managing reproduction still need improvement.
Future advancements will require new strategies to minimize additional interventions and maintain
acceptance among veterinarians. As a result, the development of new therapies in dairy cows reproduction
poses a significant challenge for improving reproductive performances. In recent years, there has been an
increasing interest in inducing accessory corpus luteum in dairy cows, but the results have been
controversial. It is still unclear for which parous cows this strategy is recommended. This study has clarified
this aspect. Our work suggests that implementing this strategy on the farm is feasible only for repeat-
breeder dairy cows with low genetic merit for fertility. It is not recommended as a herd management tool.

Abstract: The objectives of this study was to assess the impact of a reproductive approach in high yielding
nulliparous and parous Holstein cows on the interestrus interval, estrus detection rates, conception rates, and
pregnancy rates. The strategy involved giving GnRH on day 5 following artificial insemination (AI). For
nulliparous cows, there appears to be no noticeable effect of GnRH therapy on the interestrus interval. In both
groups, nearly all of the cows exhibited an 18-25-day cycle interval (P < 0.05). In the 18-25 day cycle period,
the untreated multiparous cows exhibited the highest proportion (P < 0.05), while the treated group
demonstrated the highest proportion (P < 0.05) in the 26-35 day cycle interval. The study found that the
conception rate was higher in repeat breeder nulliparous and 3+ lactation treated Holstein cows compared with
untreated ones. However, the cumulative heat detection rate, pregnancy rate and conception rates were similar
in both groups (P> 0.05). Also, this study found that in the hottest months of the year, this therapeutic approach
can't counteract the negative effect of heat stress in high-yielding dairy cows. Thus, it is not advised of using
the hormonal method to create supplementary corpus luteum across the herd.

Keywords: high yielding cows, gonadorelin, accessory corpus luteum, reproductive parameters

1. Introduction

The effect of GnRH administration after artificial insemination for accessory corpus luteum
(aCL) formation was confirmed in several studies [1-6]. The aCL is important in raising the level of
progesterone (P4) in the bloodstream, which helps to address the deficiency in P4 that can lead to
embryo mortality within the first 30 days after Al, especialy for high-yielding dairy cows [7-9].
Progesterone is crucial for maintaining the uterus during pregnancy, impacting the risk of embryo
loss and pre-term labor [10-12]. It promotes an appropriate uterine environment for embryo
elongation [13-15]. Compared to heifers, lactating dairy cows have lower plasma P4 levels due to
increased liver blood flow and active P4 metabolism with rising milk production [16]. However, the
data on the effectiveness of the treatment and the impact of aCL on reproductive performance are not
consistent. In our previous study, we confirmed that administering GnRH between 7-14 days after
artificial insemination (Al) can increase the number of aCL and improve reproductive performance
in repeat-breeder dairy cows [1]. According to the results of Dolezel et al., [17], inducing aCL through
gonadorelin administration was found to be more efficient in cows treated on day 5 following
insemination, as compared to cows treated on days 6 or 7. A study conducted by Cunha et al. [6]
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found that administering 3,300 IU of hCG from day 5 to 7 of the estrous cycle increased the length of
the cycle in non-inseminated lactating Holstein and Jersey cows. Furthemore, hCG treatments also
prolonged luteolysis and interovulatory interval, and increased the incidence of cows with impaired
luteolysis and delayed ovulation. These data indicate that forming aCL with the use of hCG disrupted
natural luteolysis and ovulation, which are critical physiological events that regulate estrous cycle
length [18]. Yan et al. [19] discovered that administering P4 between 3 and 7 days yielded benefits,
while supplementation given earlier or later did not. Other studies have discovered that treatment
with GnRH 10 days after Al is also conducive to pregnancy after Al [5].

As indicated by the different studies, administration of GnRH or hCG at day 5-7 has the
potential to improve fertility in dairy cows [6,9,17]. However, most of them failed to provide a clear
consensus on the therapeutic benefits of such an approach [20-23]. To our knowledge, there have
been no large-scale studies investigating the effects of GnRH treatment day 5 after Al on the fertility
of nulliparous, primiparous, and multiparous cows. Thus, this study aimed to determine whether
GnRH administration to nulliparous and parous cows on day 5 following Al could increase
pregnancy and conception rates.

2. Materials and Methods

2.1. Ethical approval

All dairy cows were handled in accordance with the directives of the European Union on the
protection of animals used for scientific purposes (Dir 2010/63/EU). The study protocol was approved
by the Ethics Committee of Faculty of Veterinary Medicine, University of Life Sciences, 700489 Iasi,
Romania. Efforts were made to minimize animal handling and stress.

2.2. Cattle herd management and study design

A Northeastern Romanian Holstein-Friesian dairy herd served as the subject of this study. The
average number of lactating cows in the herd was 780 during the study period, and the average
annual milk output per cow was 13.100 kg.

The cows were housed in free-stall barns with concrete floors, and straw beds and fed a Total
Mixed Ration twice per day with ad libitum water access, according to the level of milk production
and cow size. To keep the animals healthy, standard management practices, including a cooling
system coupled with a weather station for hot months, were followed. During the study period, the
farm milked about 780 cows three times a day at 0400, 1200, and 1900, for a daily average of 46 kg
milk/cow/day.

During the study period from January 2022 to December 2023, cows were grouped by days in
milk (DIM) and parity. Calving dates, breeding dates, and DIM were obtained from the AfiMilk
management software (AfiMilk, Kibbutz Afikim, Israel). From January 2022 to December 2022,
approximately all the cows were included in the GO group, which received no treatment. For the
period from January 2023 to December 2023, each cow in the herd received a single dose of GnRH
(dephereline: gonadorelin acetate [6-DPhe]; Gonavet Veyx, Veyx-Pharma GmbH, Schwarzenborn,
Germany) on day 5 after Al to induce ovulation and aCL formation.

Estrous cows were identified using the AfiMilk (AfiMilk, Kibbutz Afikim, Israel) daily estrus
report, and an experienced veterinarian team examined each one. Signs such as attempting to mount
other cows, chasing herds mates, restlessness, chin resting, sniffing herd mates' vaginas, bellowing,
congestion, relaxation, and mucus discharge from the vulva were considered suggestive of estrus.
Additionally, the visualization of a cow standing while being mounted was regarded as a definitive
sign of estrus.

The veterinary team performed the ultrasound examinations and hormone injections. Each
animal in the G5 group received one dose of GnRH after each Al, regardless of the number of Als. A
5-7.5 MHz rectal convex probe (BCF EasyScan, BCF Ultrasound Australasia, Mitcham, Victoria,
Australia) was used to scan the uterus and diagnose pregnancy. Pregnancy confirmation was based
on visualizing an anechoic fluid-filled uterine horn and the presence of an embryo, along with a
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corpus luteum (CL) on the same side of the uterus. The first pregnancy diagnosis was performed
using transrectal ultrasonography on day 30 after Al and confirmed on day 60.

2.3. Statistical analysis

By using binary logistic regression (logistic procedure of PASW Statistics for Windows Version
21, SPSS Inc., Chicago, IL, USA) and adjusting for lactation, days in milk, milk yield, type of estrus,
repeat breeder, sire, and technician, the effects of treatment on rates of pregnancy, twin pregnancy,
and pregnancy loss were examined. Significance was set at P < 0.05.

3. Results

In nulliparous cows, treatment with GnRH on the fifth day following AI did not alter the
distribution of the cycle. In both groups, the majority of the cows (P < 0.05) presented the 18-25 day
cycle interval. The other three periods showed low proportions and were not comparable (P > 0.05)
with the exception that in the G5 group the 5-17 days cycle interval presented the lowest proportion
(P <0.05) (Table 1).

When compared to the GO group, the primiparous cows in the G5 group showed a low
proportion (P < 0.05) of the 18-25 day cycle interval and a high proportion (P < 0.05) of the 36-60 day
cycle interval. The majority of primiparous cows in both groups (P < 0.05) showed an interval of 18
to 25 days between estrus and a lowest proportion of the 5-17 days cycle intervals (Table 1).

In the study, it was observed that multiparous cows from the G5 group had a lower proportion
(P <0.05) of the 18-25 days cycle interval and a higher proportion (P < 0.05) of the 26-35 day cycle
interval compared to the GO group. The analysis of the entire farm's cycle distribution showed that
the 18-25-day interval had the highest proportion of cows (P < 0.05) compared to the other three
intervals. However, there were differences between the treated and untreated groups. The untreated
group had the highest proportion (P < 0.05) of the 18-25 day cycle interval, whereas the treated group
had the highest proportion (P < 0.05) of the 26-35 day cycle interval (Table 1).

Table 1. Distribution of cycles in GO vs G5 group.

Distribution of Nulliparous %  1stlact. % 2nd lact. % 3+lact.% All cows % Total %
cycles GO0 G5 GO0 G5 GO G5 GO0 G5 GO G5 GO G5
5.1v 1.5¢ 5¢ 0.94 4.7¢ 2.7¢ 3.54 2.9v 4.44 2.4¢ 4.6 2.1¢
5 -17 days 19/ 6/ (18/ 2/ (13/ (11/ (12/ (11/ 43/ (24/ (62/ (30/
374) 400) 357) 234) 277) 403) 347) 382) 981) 1019) 1355) 1419)
79.72 778 588> 462w 552= 479y 493 3571ay  54.4ax  427ay  6l4ax  52.6%
18 -25days  (298/ (311/ (210/ (108/  (153/  (193/ (171/ (134/ (534/  (435/ (832/  (746/
374) 400) 357) 234) 277) 403) 347) 382) 981) 1019) 1355) 1419)
59> 95> 146> 21.8¢  17bv 258> 193wy 29.8> 16.9v 264>  13.9b  21.6>
26-35days  (22/  (38/ (52/ (51/ 47/ (104/  (67/  (114/ (166/ (269/  (188/  (307/
374) 400) 357) 234) 277) 403) 347) 382) 981) 1019) 1355) 1419)
9.4» 113> 21.6v 31.2>< 23.1b 23.6> 279> 3222 243> 286 202> 23.7°
36-60days  (35/  (45/ (77/ (73/ (64/ (95/ 97/ (123/ (238/ (291 (273/  (336/
374) 400) 357) 234) 277) 403) 347) 382) 981) 1019) 1355) 1419)

abe Superscripts within the same column indicate significant differences at p < 0.05 (a > b > c); *¥ Superscripts

within the same row indicate significant differences at p <0.05 (x > y).

Throughout the whole period under consideration, both groups exhibited a high proportion of
heat detection rate; however, there were a few minor deviations during the summer season, when
both groups had lower values of this parameter (P < 0.05). On the other hand, the heat detection rate
for the untreated group from the 18 periods tested at 21-day intervals was smaller in two-period
intervals and greater in four-period intervals (P < 0.05) when compared to the treated group (P <0.05).
The cumulative heat detection rate was similar in both groups (P >0.05) (Table 2).
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The conception rate was found to be highest (P < 0.05) in both groups during the months of
January to half of May and October to December, while the lowest values (P < 0.05) were observed
during June to October. When comparing the two groups (G5 and GO0), G5 showed high values in
three periods and lowest values in four periods (P < 0.05) from the 18 periods tested. However, the
cumulative conception rate was found to be similar in both groups (P > 0.05) (Table 2).

The study found that the pregnancy rate was higher (P < 0.05) in both groups during January to
mid-May and from October to December. In the G0 group, the pregnancy rate was found to be highest
(P < 0.05) compared to the G5 group in four time periods from 18 taken into account. However, the
cumulative pregnancy rate was similar in both groups (P > 0.05) (Table 2).

Table 2. Heat detection rate, pregnancy rate, and conception rate in GO vs. G5 group.

Go G5 Go G5 Go G5
Period Heat detection rate Pregnancy rate Conception rate
% % %
1912 8.01 66.7° 63.9° 29 345 43% 543
A2-8. (94/141) (144/209) (40/138) (70/203) (40/93) (70/129)
] 663 29 2 30.6° 39.0% 4410
9-01-29.01  72.9° (105/144) 155157 (40/137) (52/170) (40/102) (52/118)
- 6720 29 3% 23.00 39.4° 390
30.01-19.02  71.9°(105/146) 47,174 (41/140) (39/168) (41/104) (39/100)
747 71.8° 35 35.1° 47.6" 557
20.02 - 12.03 (109/146) (125/174) (50/143) (59/168) (50/105) (59/106)
13,03 2.08 725 70.6" 37.6% 25.5% 52 40 417
03-2. (87/120) (113/160) (44/117) (40/157) (44/34) (40/96)
208 25,04 70.8° 63.8° 33.6% 3.0 47.6° 537
04-23. (85/120) (110/160) (39/116) (51/154) (39/82) (51/95)
643 72.7% 35,10 20.6% 5710 50°
24.04 - 14.05 (74/115) (104/143) (40/114) (42/142) (40/70) (42/34)
1505 - 400 5745 493 19.2¢ 12.1° 308 300
05-4. (62/108) (66/134) (20/104) (16/132) (20/61) (16/50)
5.06.- 25.00 642 5920 21.0° 16.6° 3330 30.7¢
06 - 25. (70/109) (87/147) (23/105) (23/144) (23/69) (23/75)
533 605" 16,70 16.6° SINE 28.2°
26.06 - 16.07 (65/122) (89/147) (19/114) (24/145) (19/61) (24/85)
1707 - 6.08 63. 1% AL 303 15.9% 45.5% 283
07-6. (92/135) (96/168) (40/132) (26/164) (40/88) (26/92)
08 27.08 67.5% 652 26.9% 11.99 3810 19.3%
08 -27. (85/126) (118/181) (32/119) Q1/177) (32/84) (21/109)
711 61.2% 25.4° 26.3° 3430 3.5
28.08 - 17.09 (101/142) (123/201) (34/134) (50/190) (34/99) (50/115)
15,05 - 810 72.8° 73.0° 26.2° 250 34.9% 33.6%
09-8. (126/173) (145/196) (44/168) (46/184) (44/126) (46/137)
010 - 2910 73.0% 64.6™ 235 200 42.6° 35.0%
10-29. (145/198) (128/198) (55/193) (42/191) (55/129) 42/117)
2010 - 1011 7270 74.3° 27.6% 207 39.1% 4220
10-19. (160/220) (162/218) (59/214) (62/209) (59/151) (62/147)
2011 1042 69° 72.8° 29 5% 32.7% 46" 46.9%
A1-10. (156/226) (155/213) (64/217) (67/205) (64/139) (67/143)
112 311 777 74.9° 363 29.7% 50.7%x 39,75
12 -31. (164211 (152/203) (74/204) (58/195) (74/146) (58/146)
Cumulative 698 672 29.1 254 423 405
(1885/2702) (2154/3207) (758/2609)  (788/3098)  (758/1793)  (788/1944)

abe Superscripts within the same column indicate significant differences at p < 0.05 (a > b > c); *¥ Superscripts
within the same row indicate significant differences at p <0.05 (x >y).

The study show that conception rates were higher in nulliparous dairy cows at 2 and +4 artificial
inseminations (Als) in the G5 group compared to the GO group (P < 0.05). For lactating cows, the
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conception rate was higher for primiparous cows with 3 Als, secundiparous repeat breeder dairy
cows, and all cows at 2 Als from the GO group compared to the G5 group (P < 0.05). Conversely, the
3+ lactation repeat breeder dairy cows showed a higher conception rate in the G5 group compared to
the GO group (P <0.05). The total Al conception rates were similar in the GO compared with G5 group
(P >0.05) (Table 3).

Table 3. The distribution of the conception rate according with the number of Als in GO vs. G5

group.
Als and Nulliparous % 1st lact. % 2nd lact. % 3+lact.% All cows. % Total %
CR. GO G5 G0 G5 G0 G5 GO G5 GO G5 GO G5
61.8 60.5 543 578 44 439 414 41 415 463 524 523
1Als.CR.  (295/ (376/ 208/ (119/ (92/ (137/ (129/ (128/ (429/ (384/  (724/  (760/
477) 622)  383)  206) 209) 312) 312) 312) 904)  830) 1381)  1452)
50.8Y 5045 479 40 441  32.6 425 363 45 357 467 441
2 Als.C.R.  (100/ 148/ 89/ (38 (56/  (56/ (74  (69/ (219/ (163 (319  (311/
197) 249)  186) 95 127) 172) 174) 190) 487) 457)  684)  706)
56.7 615 529 424Y 385 37 333 404 423 396 464 456
3AIs.CR.  (59/ 67/ (54 (28 30/ (40/ 29/ (46/ (113 (114 172/ 181/
104) 109) 102) 66) 78) 108) 87) 114 267) 288)  371)  397)
34.5Y 587 407 40 383 28  264' 356° 348 337 347 381
4+ Als. CR.  (30/ G717 (33 G4 (Gl (35 (4 (Gl @88  (100/ (118 (137
87) 62) 81) 85 81) 125) 91) 87) 253) 297)  340)  360)
Cumulative 547 587 496 458 402 365 371 376 428 392 465  46.1
473/ 612/ (373 (207/ (199 (262/ (246/ (264/ (818/ (733/ (1291/  (1345/
Als. CR. g5y 1043)  752)  452)  495)  717)  664) 703) 1911) 1972) 2776)  2915)

xy Superscripts within the same row indicate significant differences at p <0.05 (x >y); C.R. - conception rate.

4. Discussion

The timing of an increase in P4 following ovulation plays a crucial role in establishing and
maintaining pregnancy [12,24]. When P4 is supplemented during early embryo development, it
increases the expression of genes associated with the synthesis of triglycerides and transport of
glucose, which are used as sources of energy for the embryo [25]. The P4 concentrations in the early
stages of pregnancy or the preimplantation phase have been raised by inducing an aCL by
administering gonadotropin-releasing hormone and human chorionic gonadotropin during the
luteal phase after Al in dairy cows [5]. Cows on the fifth day of their estrous cycle usually have a
dominant follicle that can ovulate in response to either LH [26,27] or GhnRH/hCG administration
[5,23,28]. According to Peters [29], administration of GnRH between days 5-7 and/or days 11-14 after
insemination is commonly practiced. In our study, we used the term 5 days after Al as during this
time, the dominant follicular waves are expected [30-32].

Multiple studies conducted by Lopez-Gatius et al. [33], Villarroela et al. [34], Larson et al. [35],
Bech-Sabat et al. [36], Mehni et al. [37], and Pilz et al. [38] have demonstrated that dairy cows have a
higher concentration of P4 and conception rate when the induction of aCL is performed. However,
there is no large-scale study that has assessed the effect of this treatment on the interestrus interval.
There is no apparent effect of GnRH treatment on the interestrus interval for the nulliparous cows.
The majority of cows in both groups exhibited an 18-25 day cycle interval (P < 0.05). However,
primiparous cows showed a higher proportion of 18-25 days cycle intervals compared to multiparous
cows who had a dominant 26-35 days interestrus interval. When comparing both groups (GO vs. G5),
it is surprising to note that a larger percentage of the untreated cows have interestrus intervals of 18-
25 days, while a higher proportion of the treated cows have 26-35 day intervals. This may suggests
that the GnRH treatment given in day 5 after Al has the potential to prolong the cycle. We do not
know whether the longer interestrus interval in the G5 group resulted from pregnancy and
subsequent early embryonic mortality or from the increase in the luteal phase of the cycle.
Apparently, the magnitude of the extende cycle increase when injections of GnRH agonist were given
up to day 16 of the cycle [39]. In the study of Cunha et al. [18], administration of hCG on day 7 after
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Al disrupted the natural luteolysis and ovulation, which are critical physiological events that regulate
cycle lenght. According to our study, using GnRH analog on the day 5 after Al can extend the cycle
lenght. This works by interrupting the normal luteolysis process, which breaks down the CL. It's
important to note that approximately half of cows treated in this manner develop two CLs [4]. These
Cls have different ages, with the second CL regressing later for non-pregnant cows, resulting in a
prolonged luteal phase.

The extended luteal phase negatively impacted reproductive performance in Holstein cows,
leading to lower pregnancy rates and a longer calving to conception interval [40]. Thus, we aimed to
assess the impact of the extended luteal phase, generated by the treatment with GnRH in the day 5
after Al on the estrus detection rate, conception rate and pregnancy rate. Surprisingly, the estrus
detection rates were higher in both groups with only minor variations, particularly during the
summer. This, confirm a high management standard of the herd which is clearly reflected in the
estrus behavior detection of the dairy cows. According to the activity monitoring system, 95% of cows
that were identified to be in estrus ovulated, whereas only 5% did not ovulate within seven days of
the induction of luteolysis. This means that 95% of cows that the activity monitoring system identified
as estrus ovulated [41]. The low rate of detecting estrus in dairy cows during the summer is a well-
known problem [42]. In our study, the treatment with GnRH on day 5 after Al, or the extended luteal
phase generated by this treatment, does not seem to have any effect on this issue.

During the period from half of May to October, which is the hottest period in Romania, both
groups experienced lower pregnancy and conception rates. However, when we evaluated the
pregnancy rates and conception rates based on the number of Als, the G5 group showed an
improvement in reproductive activity for nulliparous dairy cows at 2 and +4 Als and for the repeat
breeder dairy cows at +3 lactations. This is consistent with our previous study [1], which showed that
administering this therapy 7-14 days after Al improved reproductive activity in repeat breeder cows.
This finding indicates that administering gonadorelin during earlier and latter in the luteal phase
may increase the survival of embryos in repeat breeders heifers and dairy cows. Also, this study
clarify the aspect regarding the fesability of using this therapy which, in accordance with our two
studies it is not suitable for the herd. In some cases, this therapy has a negative effect. Additionally,
we have to consider that the treatment cost for the G5 group was approximately $6,462 per herd per
year. However, we recommend implementing this therapy 7-14 days after Al in repeat breeder dairy
cows. It is conclusive, can be done once a week, and has a significant economic impact on the dairy
farm [1].

The results of the current study can be explained by the presence of repeat breeder dairy cows
with low genetic merit for fertility. These cows were more likely to exhibit consistent and substantial
differences in circulating concentrations of P4 during the luteal phase, and also showed altered
ovarian and hormonal phenotypes that are associated with poor reproductive performance. The most
noticeable differences were the inconsistent and modest variations in follicular wave dynamics
among cows with varying fertility potential [43]. Therefore, cows that have inferior genomic merit
for fertility are the ones that benefit from this therapy, as it addresses their fertility issues.

According to a study by Sitko et al. [43], the size of the dominant follicle in fertile cows was 7%
larger than in infertile cows, suggesting a correlation between differences in CL volume and follicle
size. Additionally, fertile cows had a 15-25% higher concentration of circulating P4 than infertile ones
[43]. High concentrations of P4 during the late luteal phase of the ovulatory wave have been
associated with better oocyte quality [44] and pregnancy rates [45,46]. As a result, the infertility of
repeat breeder cows may be related to low P4 concentrations during early stages of embryo
development or poor oocyte quality during the late luteal phase [43].

5. Conclusions

In summary, infertile cows can be treated with GnRH during the luteal phase following AL We
recommend administering this therapy 7-14 days after Alin repeat breeder dairy cows, as it can have
a significant economic impact on the dairy farm. This is because an aCL can compensate for low
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progesterone levels, thereby reducing the risk of embryo loss and pre-term labor. Therefore,
implementing this strategy on the farm is feasible only for cows with low genetic merit for fertility.

Acknowledgments: We are thankful to Dr. Simona Florea and SC Panifcom SRL for providing the necessary
support for the completion of this study and to Simona Vlad-Sabie for constructive criticism of the manuscript
and English revision.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the Ethics Committee of Faculty
of Veterinary Medicine, University of Life Sciences, 700489 Iasi, Romania.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Bors, S. L; Bors, A.; Abdoon, A.S.S. Economics of treatment with GnRH agonist 7-14 days after artificial
insemination in repeat breeder lactating dairy cows. Reprod Domest Anim 2023, 58(7), 929-934. doi:
10.1111/rda.14368.

2. Peters, A. R.;; Martinez, T. A.; Cook, A.J. C. A meta-analysis of studies of the effect of GnRH 11-14 days
after insemination on pregnancy rates in dairy cattle. Theriogenology 2000, 54(8), 1317-1326. doi:
10.1016/s0093-691x(00)00438-6.

3.  Lopez-Gatius, F.; Santolaria, P.; Martino, A.; Deletang, F.; De Rensis, F. The effects of GnRH treatment at
the time of Al and 12 days later on reproductive performance of high producing dairy cows during the
warm  season  in  northeastern  Spain. Theriogenology ~ 2006, 65,  820-830.  doi:
10.1016/j.theriogenology.2005.07.002.

4.  Garcia-Ispierto, L.; Lopez-Gatius, F. Effects of GnRH or progesterone treatment on day 5 post-Al on plasma
progesterone, luteal blood flow and leucocyte counts during the luteal phase in dairy cows. Reprod Domest
Anim. 2012, 47(2), 224-229. doi: 10.1111/§.1439-0531.2011.01832.x.

5. Besbaci, M.; Abdelli, A.; Minviel, ].J.; Belabdi, I.; Kaidi, R.; Raboisson, D. Association of pregnancy per
artificial insemination with gonadotropin-releasing hormone and human chorionic gonadotropin
administered during the luteal phase after artificial insemination in dairy cows: A meta-analysis. ]. Dairy
Sci. 2020, 103, 2006—2018. doi: 10.3168/jds.2019-16439.

6. Cunha, T.O.; Martinez, W.; Walleser, E.; Martins, ].P.N. Effects of GnRH and hCG administration during
early luteal phase on estrous cycle length, expression of estrus and fertility in lactating dairy cows.
Theriogenology 2021, 173, 23-31. doi: 10.1016/j.theriogenology.2021.06.010.

7.  Wiltbank, M.C.; Baez, G.M.; Garcia-Guerra, A.; Toledo, M.Z.; Monteiro, P.L.].; Melo, L.F.; Ochoa, J.C.;
Santos, J.E.P.; Sartori, R. Pivotal periods for pregnancy loss during the first trimester of gestation in lactating
dairy cows. Theriogenology 2016, 86, 239-253. doi: 10.1016/j.theriogenology.2016.04.037.

8. Reese, S.T.; Franco, G.A.; Poole, R.K.; Hood, R.; Fernadez Montero, L.; Oliveira Filho, R.V.; Cooke, R.F.;
Pohler, K.G. Pregnancy loss in beef cattle: A meta-analysis. Anim. Reprod. Sci. 2020, 212, 106251. doi:
10.1016/j.anireprosci.2019.106251.

9. Chen, F; Hou, Y.; Zhu, X;; Mei, C.; Guo, R.; Shi, Z. Impact of Accessory Corpus Luteum Induced by
Gonadotropin-Releasing Hormone or Human Chorionic Gonadotropin on Pregnancy Rates of Dairy Cattle
following Embryo Transfer: A META-Analysis. Vet Sci. 2023, 10(5), 309. doi: 10.3390/vetsci10050309.

10. Alkan, H.; Tekindal, M.A.; Demirel, M.A.; Soyturk, B.I.; Golbasi, M.; Deniz, Y.E.; Satilmis, F.; Alkan, K.K.
Effect of strategies to increase progesterone levels on fertility of bovine embryo transfer recipients - A meta-
analysis. Theriogenology 2024, 215, 177-186. doi: 10.1016/j.theriogenology.2023.12.005.

11. Marques, J.C.S.; Maciel, J.P.O.; Denis-Robichaud, J.; Conceicao, R.S.; Bega, A.M.; Moore, S.; Sirard, M.A,;
Baes, C.F.; Cerri, R.L.A. The effect of progesterone concentrations during superovulation of Holstein heifers
in a randomized trial. ] Dairy Sci. 2023, 106(12), 9677-9690. doi: 10.3168/jds.2022-23065.

12. Lonergan, P.; Sanchez, J.M. Symposium review: Progesterone effects on early embryo development in
cattle. J. Dairy Sci. 2020, 103, 8698-8707. https://doi.org/10.3168/jds.2020-18583.

13. Clemente, M.; de La Fuente, J.; Fair, T.; Al Naib, A.; Gutierrez-Adan, A.; Roche, J.F.; Rizos, D.; Lonergan, P.
Progesterone and conceptus elongation in cattle: a direct effect on the embryo or an indirect effect via the
endometrium? Reproduction 2009, 138(3), 507-517. doi: 10.1530/REP-09-0152.

14. El Azzi, M.S,; Cardoso, ].L.; Landeo, R.A.; Pontes, ] H.F.; de Souza, J.C.; Martins, J.P.N. Effect of inducing
accessory corpus luteum formation with gonadotropin-releasing hormone or human chorionic
gonadotropin on the day of embryo transfer on fertility of recipient dairy heifers and lactating cows. JDS
Commun. 2023, 4(2), 155-160. doi: 10.3168/jdsc.2022-0286.

15. Brooks, K.; Burns, G.; Spencer, T.E. Conceptus elongation in ruminants: roles of progesterone,
prostaglandin, interferon tau and cortisol. ] Anim Sci Biotechnol. 2014, 5(1), 53. doi: 10.1186/2049-1891-5-53.


https://doi.org/10.20944/preprints202406.0439.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 June 2024 d0i:10.20944/preprints202406.0439.v1

16. Wiltbank, M.; Lopez, H.; Sartori, R.; Sangsritavong, S.; Gumen, A. Changes in reproductive physiology of
lactating dairy cows due to elevated steroid metabolism. Theriogenology 2006, 65, 17-29. doi:
10.1016/j.theriogenology.2005.10.003.

17. DoleZel, R;; Chambert, C.; Musilov4, D.; Cech, S.; Palenik, T. Induction of accessory corpus luteum by
gonadorelin in relation to the time of treatment and the follicle size in inseminated cows. Czech ]. Anim. Sci.
2017, 62, 195-200. doi: 10.17221/46/2016-CJAS.

18. Cunha, T.O.; Statz, L.R.; Domingues, R.R.; Andrade, J.P.N.; Wiltbank, M.C.; Martins, J.P.N. Accessory
corpus luteum induced by human chorionic gonadotropin on day 7 or days 7 and 13 of the estrous cycle
affected follicular and luteal dynamics and luteolysis in lactating Holstein cows. | Dairy Sci. 2022, 105(3),
2631-2650. doi: 10.3168/jds.2021-20619.

19. Yan, L; Robinson, R.S.; Shi, Z.; Mann, G.E. Efficacy of progesterone supplementation during early
pregnancy in cows: A  meta-analysis.  Theriogenology 2016, 85, ~ 1390-1398.el.  doi:
10.1016/j.theriogenology.2015.12.027.

20. Garcia-Guerra, A.; Sala, R.V.; Carrenho-Sala, L.; Baez, G.M.; Motta, J.C.L.; Fosado, M.; Moreno, J.F,;
Wiltbank, M. C. Postovulatory treatment with GnRH on day 5 reduces pregnancy loss in recipients
receiving an in vitro produced expanded blastocyst. Theriogenology 2020, 141, 202-210. https://
doi.org/10.1016/j.theriogenology.2019.05.010.

21. Vasconcelos, ].L.M.; S& Filho, O.G; Justolin, P.L.T.; Morelli, P.; Aragon, F.L.; Veras, M.B.; Soriano., S. Effects
of postbreeding gonadotropin treatments on conception rates of lactating dairy cows subjected to timed
artificial insemination or embryo transfer in a tropical environment. J. Dairy Sci. 2011, 94, 223-234.
https://doi.org/10.3168/jds.2010-3462.

22. Santos, J.E.; Thatcher, W.W.; Pool, L.; Overton, M.W. Effect of human chorionic gonadotropin on luteal
function and reproductive performance of high-producing lactating holstein dairy cows. J. Anim. Sci. 2001,
79, 2881-2894. doi: 10.2527/2001.79112881x.

23.  Schmitt, E.J.; Diaz, T.; Drost, M.; Thatcher, W.W. Use of a gonadotropin-releasing hormone agonist or
human chorionic gonadotropin for timed insemination in cattle.]. Anim. Sci. 1996, 74, 1084-1091.
doi: 10.2527/1996.7451084x.

24. Forde, N.; Beltman, M.E.; Duffy, G.B; Duffy, P.; Mehta, J.P.; O’Gaora, P.; Roche, J.F.; Lonergan, P.; Crowe,
M.A. Changes in the endometrial transcriptome during the bovine estrous cycle: Effect of low circulating
progesterone and consequences for conceptus elongation. Biol. Reprod. 2011, 84, 266-278.
https://doi.org/10.1095/biolreprod.110.085910.

25. Forde, N.; Carter, F.; Fair, T.; Crowe, M.A_; Evans, A.C.O.; Spencer, T.E.; Bazer, F.W.; McBride, R.; Boland,
M.P.; O’Gaora, P.; Lonergan, P.; Roche, ].F. Progesterone-regulated changes in endometrial gene expression
contribute to advanced conceptus development in cattle. Biol. Reprod. 2009, 81, 784-794.
https://doi.org/10.1095/biolreprod.108.074336.

26. Xu, Z.; Garverick, H.A.; Smith, G.W.; Smith, M.F.; Hamilton, S.A.; Youngquist, R.S. Expression of follicle-
stimulating hormone and luteinizing hormone receptor messenger ribonucleic acids in bovine follicles
during the first follicular wave. Biol Reprod. 1995, 53(4), 951-957. doi: 10.1095/biolreprod53.4.951.

27. Sartori, R.; Fricke, P.M.; Ferreira, J.C.; Ginther, O.].; Wiltbank, M.C. Follicular deviation and acquisition of
ovulatory capacity in bovine follicles. Biol Reprod. 2001, 65(5), 1403-1409. doi: 10.1095/biolreprod65.5.1403.

28. Diaz, T.; Schmitt, E.J.; de la Sota, R. L.; Thatcher, M. ].; Thatcher, W.W. Human chorionic gonadotropin-
induced alterations in ovarian follicular dynamics during the estrous cycle of heifers. | Anim Sci. 1998, 76(7),
1929-1936. doi: 10.2527/1998.7671929x.

29. Peters, A.R. Veterinary clinical application of GnRH-questions of efficacy. Anim Reprod Sci. 2005, 88(1-2),
155-167. doi: 10.1016/j.anireprosci.2005.05.008.

30. Evans, A.C. Characteristics of ovarian follicle development in domestic animals. Reprod Domest Anim. 2003,
38(4), 240-246. doi: 10.1046/j.1439-0531.2003.00439.x.

31. Adams, G.P.;Jaiswal R.; Singh, J.; Malhi, P. Progress in understanding ovarian follicular dynamics in cattle.
Theriogenology 2008, 69(1), 72-80. doi: 10.1016/j.theriogenology.2007.09.026.

32. Monteiro, P.L.].; Gamarra, C.A.; Genari, R.S.; Prata, A.B.; Barletta, R.V.; Duran, P.G.; Canavessi, A M.O.;
Sartori, R.; Wiltbank, M.C. Accessory corpus luteum regression during pregnancy II: reproductive
outcomes. Reproduction 2021, 162(6), 483-495. doi: 10.1530/REP-21-0168.

33. Lopez-Gatius, F.; Santolaria, P.; Yaniz, ].L.; Hunter, R.H. Progesterone supplementation during the early
fetal period reduces pregnancy loss in high-yielding dairy cattle. Theriogenology 2004, 62(8), 1529-1535. doi:
10.1016/j.theriogenology.2004.02.005.

34. Villarroel, A.; Martino, A.; BonDurant, R.H.; Deletang, F.; Sischo, W.M. Effect of post-insemination
supplementation with PRID on pregnancy in repeat-breeder Holstein cows. Theriogenology 2004, 61(7-8),
1513-1520. doi: 10.1016/j.theriogenology.2003.09.001.

35. Larson, S.F.; Butler, W.R.; Currie, W.B. Pregnancy rates in lactating dairy cattle following supplementation
of progesterone after artificial insemination. Amnim Reprod Sci. 2007, 102(1-2), 172-179. doi:
10.1016/j.anireprosci.2007.02.023.


https://doi.org/10.20944/preprints202406.0439.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 June 2024 d0i:10.20944/preprints202406.0439.v1

36. Bech-Sabat, G.; Lopez-Gatius, F.; Garcia-Ispierto, I.; Santolaria, J.P.; Serrano, B.; Nogareda, C.; de Sousa,
N.M.; Beckers, ].F.; Yaniz, J. Pregnancy patterns during the early fetal period in high producing dairy cows
treated  with GnRH or  progesterone.  Theriogenology 2009,  71(6),  920-929.  doi:
10.1016/j.theriogenology.2008.10.013.

37.  Mehni, S.B.; Shabankareh, H.K.; Kazemi-Bonchenari, M.; Eghbali, M. The comparison of treating Holstein
dairy cows with progesterone, CIDR and GnRH after insemination on serum progesterone and pregnancy
rates. Reprod Domest Anim. 2012, 47(1), 131-134. doi: 10.1111/j.1439-0531.2011.01811.x.

38. Pilz, M.,; Fischer-Tenhagen, C.; von Krueger, X.; Thiele, G.; Heuwieser, W. Wirksamkeit einer vaginalen
Progesteronspange zur Verringerung embryonaler Verluste in der Friithtrachtigkeit bei Milchkiihen
[Efficacy of vaginal progesterone inserts (CIDR) to reduce early embryonic losses in dairy cows]. Tierarztl
Prax Ausg G Grosstiere Nutztiere 2012, 40(1):7-13.

39. Stevenson, ].S.; Phatak, A.P.; Rettmer, L; Stewart, R.E. Postinsemination administration of receptal:
follicular dynamics, duration of cycle, hormonal responses, and pregnancy rates. | Dairy Sci. 1993, 76(9),
2536-2547. doi: 10.3168/jds.50022-0302(93)77589-X.

40. Ranasinghe, RM.; Nakao, T.; Yamada, K.; Koike, K.; Hayashi, A.; Dematawewa, C.M. Characteristics of
prolonged luteal phase identified by milk progesterone concentrations and its effects on reproductive
performance in Holstein cows. | Dairy Sci. 2011, 94(1), 116-127. doi: 10.3168/jds.2010-3213.

41. Fricke, P.M.; Carvalho, P.D.; Giordano, J.O.; Valenza, A.; Lopes, G. Jr.; Amundson, M.C. Expression and
detection of estrus in dairy cows: the role of new technologies. Animal 2014, 1, 134-143. doi:
10.1017/51751731114000299.

42. Khan, I; Mesalam, A.; Heo, Y.S.; Lee, S.H.; Nabi, G.; Kong, LK. Heat Stress as a Barrier to Successful
Reproduction and Potential Alleviation Strategies in Cattle. Animals (Basel). 2023, 13(14), 2359. doi:
10.3390/ani13142359.

43. Sitko, E.M.; Laplacette, A.; Duhatschek, D.; Rial, C.; Perez, M.M.; Tompkins, S.; Kerwin, A.L.; Domingues,
R.R.; Wiltbank, M.C.; Giordano, J.O. The ovarian function and endocrine phenotypes of lactating dairy
cows during the estrous cycle were associated with genomic-enhanced predictions of fertility potential. |
Dairy Sci. 2024, S0022-0302(24),00753-7. doi: 10.3168/jds.2023-24378.

44. Rivera, F.A.; Mendonga, L.G.; Lopes, G.Jr.; Santos, ].E.; Perez, R.V.; Amstalden, M.; Correa-Calderon, A.;
Chebel, R.C. Reduced progesterone concentration during growth of the first follicular wave affects embryo
quality but has no effect on embryo survival post transfer in lactating dairy cows. Reproduction 2011, 141(3),
333-342. doi: 10.1530/REP-10-0375.

45. Bisinotto, R.S.; Ribeiro, E.S.; Lima, F.S.; Martinez, N.; Greco, L.F.; Barbosa, L.F.S.P.; Bueno, P.P.; Scagion,
L.F.S.; Thatcher, W.W.; Santos J.E.P. Targeted progesterone supplementation improves fertility in lactating
dairy cows without a corpus luteum at the initiation of the timed artificial insemination protocol. | Dairy
Sci. 2013, 96(4), 2214-2225. doi: 10.3168/jds.2012-6038.

46. Pereira, M.H.C,; Sanches, C.P.Jr.; Guida, T.G.; Wiltbank, M.C.; Vasconcelos, ].L.M. Comparison of fertility
following use of one versus two intravaginal progesterone inserts in dairy cows without a CL during a
synchronization protocol before timed Al or timed embryo transfer. Theriogenology 2017, 89, 72-78. doi:
10.1016/j.theriogenology.2016.10.006.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202406.0439.v1

	1. Introduction
	2. Materials and Methods
	2.1. Ethical approval
	2.2. Cattle herd management and study design
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	References

