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ABSTRACT

The primary objective was to determine the variabil-
ity and repeatability of GnRH-induced LH responses. 
The secondary objective was to evaluate the associa-
tions among plasma LH, FSH, estradiol (E2), and pro-
gesterone (P4) concentrations. One hundred lactating 
Holstein cows (35 primiparous, 65 multiparous) were 
initially subjected to a presynchronization protocol (d 
0, PGF2α; d 3, GnRH) followed 7 d later by Ovsynch 
(d 10, GnRH; d 17, PGF2α; 56 h later, GnRH) and 
timed artificial insemination 16 h after the last GnRH. 
Blood samples were collected immediately before the 
GnRH injection of presynchronization and the second 
GnRH of Ovsynch to determine plasma concentrations 
of LH, FSH, and P4. A second blood sample was col-
lected 2 h after each of the above GnRH injections to 
determine GnRH-induced LH and FSH concentrations. 
Plasma concentrations of E2 were also determined in 
samples collected immediately before the second GnRH 
of Ovsynch. Cows that (1) had higher LH concentra-
tions at 0 h than at 2 h after GnRH, (2) showed an 
ongoing spontaneous LH surge, (3) did not respond 
to GnRH, and (4) had P4 ≥ 0.5 ng/mL at GnRH of 
presynchronization and the second GnRH of Ovsynch 
were excluded from the analysis. The variability (coef-
ficient of variation) and repeatability [between animal 
variance/(within animal variance + between animal 
variance)] of GnRH-induced LH response were deter-
mined from samples collected 2 h after the GnRH of 
presynchronization and the second GnRH of Ovsynch. 
The associations among plasma LH, FSH, E2, and 
P4 were determined at the second GnRH of Ovsynch. 
Mean (±SEM) LH concentrations before GnRH were 
0.5 ± 0.04 and 0.6 ± 0.03 ng/mL, whereas mean LH 

concentrations 2 h after GnRH were 9.8 ± 1.0 and 
12.1 ± 0.8 ng/mL at GnRH of presynchronization and 
the second GnRH of Ovsynch, respectively. The vari-
ability of GnRH-induced LH was 76.1 and 52.1% at 
GnRH of presynchronization and the second GnRH of 
Ovsynch, respectively. The repeatability estimate for 
GnRH-induced LH concentration between GnRH of 
presynchronization and Ovsynch assessments was 0.10. 
Plasma concentrations of LH were positively associated 
with FSH and E2 (r = 0.61 and 0.30, respectively) and 
negatively associated with P4 (r = −0.46) at the sec-
ond GnRH of Ovsynch. In summary, GnRH-induced 
LH responses were highly variable and unrepeatable, 
and LH concentrations were positively associated with 
FSH and E2 and negatively associated with P4.
Key words: luteinizing hormone, variability, 
repeatability, progesterone

INTRODUCTION

A functional hypothalamic-pituitary-gonadal axis is 
essential for regulation of reproduction in both male 
and female mammals (Land, 1973). Gonadotropin-
releasing hormone is a decapeptide synthesized and 
released by GnRH neurons in the hypothalamus that 
induces the release of FSH and LH from the anterior 
pituitary gland through receptor-mediated mechanisms 
(Kaltenbach et al., 1974; Fink, 1988). Progesterone 
(P4) and estradiol (E2) regulate FSH and LH release 
through positive and negative feedback mechanisms 
that act on the hypothalamus, anterior pituitary, or 
both (Goodman and Karsch, 1980; Karsch, 1987; Nett 
et al., 2002). Whereas FSH is required for follicular 
wave emergence (Adams et al., 1992), LH is essential 
for dominant follicle growth (Ginther, 2000), oocyte 
maturation (Hyttel et al., 1989), ovulation, corpus lu-
teum development, and synthesis of P4 (Tomac et al., 
2011). These events are critical for establishment and 
maintenance of pregnancy in domestic animals (Spen-
cer et al., 2004). Therefore, selecting cows with greater 
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capacity for LH secretion under defined conditions 
could be a strategy to improve fertility in dairy cows.

A phenotype that has high variability, repeatability, 
and heritability would be an ideal candidate for genetic 
selection. The variability and repeatability of other 
novel fertility traits such as anti-Müllerian hormone 
and antral follicle count (Burns et al., 2005; Ireland et 
al., 2008; Gobikrushanth et al., 2017) and their associa-
tion with fertility outcomes have been of recent inter-
est to many researchers (Mossa et al., 2012; Ribeiro 
et al., 2014). However, the variability, repeatability, 
and association with fertility under minimal influence 
of P4 have not been examined for GnRH-induced LH 
responses in dairy cows. Previous studies in rams and 
ewes (Haley et al., 1989) and beef cows (Webb et al., 
1977; Williams et al., 1982; Williams and Stanko 1996; 
Fajersson et al., 1999) reported that GnRH-induced 
LH responses were variable between animals based on 
simple observations. However, none of the above stud-
ies quantified the variability with statistical analysis or 
were specific to lactating dairy cows. Endogenous LH 
release is pulsatile, resulting in a low correlation between 
repeated measures from the same animal (Haley et al., 
1989); furthermore, measuring endogenous LH surge in 
large populations is impractical, making it an undesir-
able candidate trait for genetic selection. However, the 
induced LH surge response after exogenous GnRH ad-
ministration may be a more useful endocrine parameter 
for investigating variability and repeatability. Previous 
studies reported a poor and nonsignificant repeatability 
for GnRH-induced LH responses when ram and ewe 
lambs (Tyrrell et al., 1980; n = 15 for each sex) and beef 
cows (Fajersson et al., 1999; n = 18) were repeatedly 
challenged with exogenous GnRH treatments. However, 
small sample sizes and variable concentrations of P4 
might have contributed to nonsignificant repeatability 
estimates. In addition, although high heritability (h2 = 
0.44) and associations between high LH concentrations 
and fecundity have been reported in ewes, the asso-
ciations were inconsistent (Haley et al., 1989). Similar 
conceptual studies evaluating the association between 
GnRH-induced LH responses and fertility in lactating 
dairy cows are lacking.

Evaluating the variability and repeatability of GnRH-
induced LH response and establishing its association 
with fertility may identify it as a fertility phenotype to 
be considered in future genomic selection in dairy cows. 
We hypothesized that cows have variable responses to 
GnRH injection even under low P4 environment and 
those responses are repeatable. Therefore, our primary 
objective was to determine the variability and repeat-
ability of GnRH-induced LH responses. The secondary 
objective was to evaluate the associations among plas-
ma LH, FSH, E2, and P4 concentrations. In addition, 

the associations among LH response categories, FSH, 
E2, P4, and reproductive outcomes [i.e., ovulatory re-
sponse, pregnancies per AI (P/AI), pregnancy at 60 d 
after AI and pregnancy loss] were also examined.

MATERIALS AND METHODS

Animals and Housing

The study was conducted at the Dairy Research 
and Technology Centre of the University of Alberta 
between November 2014 and September 2016. All the 
experimental procedures were approved by the Univer-
sity of Alberta’s Animal Care and Use Committee for 
Livestock, and animals were cared for in accordance 
with the requirements of Canadian Council on Animal 
Care (2009). One hundred lactating Holstein cows (35 
primiparous, 65 multiparous) were initially enrolled in 
the study. Cows were individually fed a total mixed 
ration (primary ingredients were barley silage, alfalfa 
silage, alfalfa hay, and concentrates) and housed in 
tie-stalls and let out for approximately 2 h of exercise 
during weekdays. Diets were formulated according to 
NRC (2001) to meet the requirements of a 650-kg lac-
tating cow producing 45 kg of milk/d, and cows had ad 
libitum access to water.

Reproductive Management and Blood Sampling

Cows that were on average 52 (SD = 4.0; range = 
45 to 59) DIM were placed on a modified G6G pro-
tocol and subjected to timed AI (Figure 1). In brief, 
the presynchronization protocol consisted of PGF2α (d 
0; Estrumate, 500 μg, i.m; Merck Intervet Corp., Kirk-
land, QC, Canada) and GnRH (d 3; Fertiline; 100 μg of 
gonadorelin acetate, i.m.; Vetoquinol N. A. Inc. Lavalt-
rie QC, Canada) administered 3 d apart. The Ovsynch 
protocol was initiated 7 d after the GnRH injection 
of the presynchronization program and involved i.m. 
injections of GnRH (d 10), PGF2α (d 17), and GnRH 
56 h later, followed by timed AI 16 to 20 h later (mean 
DIM = 72).

Transrectal ultrasonography (Aloka 500, Aloka Co 
Ltd., Tokyo, Japan) using a 7.5-MHz linear array trans-
ducer was first conducted at the time of the second 
GnRH of Ovsynch (~71 DIM) to confirm the presence 
of one or more putative ovulatory follicles (≥10 mm in 
diameter). Ovulation was confirmed on 73 DIM by the 
absence of the follicles that had been detected at the 
previous ultrasound examination. Ovulatory response 
was defined as the proportion of cows that ovulated af-
ter the second GnRH of Ovsynch. Transrectal ultraso-
nography of uterine contents was performed 33 d after 
AI and visualization of a viable embryo confirmed the 
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pregnancy. Cows that were determined pregnant at 33 
d after AI were examined again at 60 d after AI using 
transrectal ultrasonography to reconfirm pregnancy. 
Pregnancies per AI at 33 d and pregnancy at 60 d after 
AI were determined based on the proportion of cows 
pregnant at 33 and 60 d after AI, respectively. When 
embryonic death occurred between 33 and 60 d after 
AI, it was considered as a pregnancy loss.

Blood samples were collected from coccygeal blood 
vessel using evacuated Vacutainer tubes containing 
sodium heparin as an anticoagulant (Becton Dickinson 
and Company, Franklin Lakes, NJ) immediately before 
(0 h) the GnRH of presynchronization and the second 
GnRH of Ovsynch to determine plasma concentrations 
of LH, FSH, and P4 (ng/mL) and 2 h after each of 
the above GnRH treatments to determine plasma LH 
and FSH (ng/mL). The 2-h interval for collecting blood 
samples after GnRH administration to determine maxi-
mum pituitary responsiveness to GnRH was based on 
LH profiles in previous studies (Ambrose et al., 2005; 
Colazo et al., 2009; Dias et al., 2010; Pulley et al., 
2015). Plasma concentrations of E2 were determined 
from blood samples collected immediately before the 
second GnRH of Ovsynch. Samples were placed on ice 
upon collection and centrifuged at 1,500 × g for 20 min 
at 4°C, and plasma harvested and frozen at −20°C until 
assayed for plasma LH, FSH, E2, and P4.

Determination of Plasma Concentrations  
of, FSH, E2, and P4

Plasma concentrations of LH, FSH, E2, and P4 were 
determined at Endocrine Lab Services, University of 
Saskatchewan, Saskatoon, SK, Canada.

Plasma LH concentrations were determined in du-
plicate using a double-antibody RIA (NIDDK-bLH4) 
as described by Evans et al. (1994). All samples were 
analyzed in a single assay; the intraassay coefficient of 
variation (CV) was 12.3% for low reference samples 
(mean, 0.98 ng/mL) and 9.2% for high reference sam-
ples (mean, 1.70 ng/mL).

Plasma FSH concentrations were determined in 
duplicate using a double-antibody RIA using NIDDK-
anti-oFSH-1 primary antibody and expressed as USDA 
bovine FSH-Il units as described by Evans et al. (1994). 
All samples were analyzed in a single assay; the intraas-
say CV was 10.1% for low reference samples (mean, 
0.27 ng/mL) and 4.5% for high reference samples 
(mean, 3.17 ng/mL)

Plasma concentrations of E2 were determined after 
ether extraction using a RIA procedure as originally 
described by Rawlings et al. (1984). All samples were 
analyzed in a single assay; the intraassay CV was 13.7% 
for low reference samples (mean, 2.8 pg/mL) and 12.1% 
for high reference samples (mean, 9.1 pg/mL).

Plasma P4 concentrations were determined in du-
plicate using a commercial solid-phase RIA kit (Im-
muChem; MP Biomedicals, LLC, Orangeburg, NY). 
All samples were analyzed in a single assay. The intra-
assay CV were 18.6% for low (mean, 1.2 ng/mL) and 
11.6% for high reference samples (mean, 10.8 ng/mL), 
respectively.

Statistical Analysis

Data were analyzed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC). Cows that fell within the fol-
lowing criteria were excluded from the analysis: (1) LH 

Figure 1. One hundred lactating Holstein cows (35 primiparous, 65 multiparous) were subjected to a modified presynchronization-Ovsynch 
protocol [presynchronization (d 0, PGF2α; d 3, GnRH) followed 7 d later by Ovsynch (d 10, GnRH; d 17, PGF2α; GnRH, 56 h later)] to receive 
first timed AI (TAI; ~72 DIM) 16 h after the last GnRH treatment. All injections and timed-AI were performed in the morning (0800 h) except 
for the second GnRH of Ovsynch, which was given in the afternoon (1600 h). Blood samples (BS) were collected immediately before (0 h) the 
GnRH of presynchronization and the second GnRH of Ovsynch to determine plasma concentrations of LH, FSH, and progesterone (P4, ng/
mL), and 2 h after each of the above GnRH injections to determine plasma LH and FSH (ng/mL). Plasma concentrations of estradiol (E2) were 
determined from BS collected immediately before the second GnRH of Ovsynch. Transrectal ultrasonography (US) was first conducted at the 
time of the second GnRH of Ovsynch (~71 DIM) to confirm presence of putative ovulatory follicle(s). Ovulation was confirmed on 73 DIM by the 
absence of follicle(s) (≥10 mm in diameter) that had been detected at the previous US examination (not illustrated). Pregnancy was diagnosed 
at 33 d after AI by US, and cows diagnosed pregnant were reconfirmed at 60 d after AI by US.
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concentrations were greater at 0 h than at 2 h after 
GnRH (n = 0 at GnRH of presynchronization; n = 2 at 
the second GnRH of Ovsynch); (2) LH concentrations 
were indicative of an ongoing spontaneous LH surge at 
0 h (≥1.0 ng/mL) even if LH concentration increased 
further at 2 h after GnRH injection (n = 7 at GnRH 
of presynchronization; n = 3 at the second GnRH 
of Ovsynch); and (3) did not exhibit an increase in 
plasma LH in response to GnRH administration (n = 
4 at GnRH of presynchronization; n = 4 at the second 
GnRH of Ovsynch). A GnRH-induced LH response was 
considered to have occurred when the LH concentration 
at 2 h after GnRH exceeded the mean of the baseline by 
2 standard deviations (Pulley et al., 2015).

The mean, standard error of mean (SEM), range, and 
coefficient of variation (variability) for GnRH-induced 
LH were first determined in 89 cows at GnRH of pre-
synchronization and 91 cows at the second GnRH of 
Ovsynch using MEANS procedure of SAS and later de-
termined in cows that had plasma P4 < 0.5 ng/mL at 
GnRH of presynchronization (n = 60) and the second 
GnRH of Ovsynch (n = 70). The cutoff of <0.5 ng/
mL was chosen to simulate concentrations of P4 during 
estrus as suggested by Stevenson and Pulley (2016). 
In addition, this P4 concentration was the optimum 
to predict the probability of pregnancy using receiver 
operating characteristic analysis in the current study 
(sensitivity 94.4% and specificity 27.4%) and in previ-
ous studies (Wilsdorf et al., 2016; Colazo et al., 2017).

The repeatability (range 0 to 1, with 1 being the high-
est) was defined as the proportion of the total variance 
that attributed to between-animal variance, which was 
calculated as σ2 between-animal/(σ2 between-animal + 
σ2 within-animal). Variance components were estimat-
ed using ANOVA in Excel 2016 (Microsoft, Redmond, 
WA), and the repeatability for GnRH-induced LH re-
sponses between GnRH of presynchronization and the 
second GnRH of Ovsynch was calculated. Furthermore, 
the association between GnRH of presynchronization 
and the second GnRH of Ovsynch assessments for 
GnRH-induced LH response was determined by esti-
mating the Pearson correlation of coefficient (r; ranges 
from −1 to +1, where values 0, <0, and >0 indicate 
no association, negative association, and a positive as-
sociation, respectively) using CORR procedure of SAS. 
These analyses were conducted first in all 81 cows and 
later in a subset of cows (n = 45) that had plasma P4 
concentrations < 0.5 ng/mL at both assessments.

The associations among plasma LH, FSH, E2, and 
P4 were determined first in all 91 cows and later in 
a subset of 70 cows that had P4 < 0.5 ng/mL at the 
second GnRH of Ovsynch by estimating the Pearson 
correlation of coefficient using CORR procedure of 
SAS. Moreover, the linear regression among the afore-

mentioned continuous variables was also tested using 
REG procedure of SAS and the regression line and 
equation were plotted using Excel 2016.

Cows that had P4 concentration < 0.5 ng/mL at 
the second GnRH of Ovsynch (n = 70) were ranked 
based on plasma LH, from highest to lowest, and those 
in the top (n = 24) and bottom (n = 24) thirds were 
classified into high- and low-LH categories. The as-
sociations among LH categories, parity, and plasma 
concentrations of FSH, E2, and P4 were determined 
using MIXED procedure SAS. The associations among 
LH response categories, parity, ovulatory response 
to the second GnRH of Ovsynch, P/AI at 33 d after 
AI, pregnancy at 60 d after AI, and pregnancy loss 
were tested using GLIMMIX procedure of SAS. The 
aforementioned continuous and binomial variables were 
initially modeled against LH category, parity, and their 
interactions. Because none of the interactions was sig-
nificant, the final model only included LH category and 
parity. Significant differences were reported if P ≤ 0.05 
and considered to be a tendency if P > 0.05 and ≤ 0.10.

RESULTS

Variability and Repeatability of GnRH-Induced 
Release of LH

Mean (±SEM) plasma concentrations of LH before 
the GnRH of presynchronization (0.4 ± 0.03 ng/mL) 
did not differ (P > 0.05) from those preceding the sec-
ond GnRH of Ovsynch (0.6 ± 0.03 ng/mL). Likewise, 
LH concentrations 2 h after GnRH of presynchroni-
zation (8.7 ± 0.7; range = 1.2 to 27.4 ng/mL) and 
Ovsynch (10.4 ± 0.7; range = 1.2 to 28.4 ng/mL) did 
not differ (P > 0.05). The variability of the GnRH-
induced LH response was 78.7 and 63.1% at GnRH of 
presynchronization and the second GnRH of Ovsynch 
assessments, respectively. When evaluated in cows that 
had P4 < 0.5 ng/mL, the variability values were 76.1 
and 52.1% at GnRH of presynchronization and the 
second GnRH of Ovsynch assessments, and the mean 
(±SEM) LH 2 h after GnRH did not differ (P > 0.05) 
between presynchronization and Ovsynch assessments 
and were 9.8 ± 1.0 (range, 1.4 to 27.4 ng/mL) and 
12.1 ± 0.8 (range, 1.2 to 28.4 ng/mL) at GnRH of 
presynchronization (n = 60) and the second GnRH of 
Ovsynch (n = 70; Figure 2a, b). The repeatability of 
GnRH-induced LH concentrations between presynchro-
nization and Ovsynch assessments was low (0.16) yet 
significant when determined in all cows (n = 81; P = 
0.02) and repeatability (0.10) was nonsignificant when 
determined only in cows that had P4 < 0.5 ng/mL (n 
= 45; P = 0.25). The estimated correlation coefficient 
for GnRH-induced LH between presynchronization and 
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Ovsynch assessments was 0.24 (P = 0.03) when evalu-
ated in all cows (n = 81; Figure 3a) and 0.15 (P = 0.33) 
when evaluated only in cows that had P4 < 0.5 ng/mL 
(n = 45; Figure 3b).

Associations Among Plasma LH Concentrations  
and FSH, E2, and P4

Plasma concentrations of LH were positively associ-
ated with FSH (r = 0.65; P < 0.01; Figure 4a) and E2 
(r = 0.35; P < 0.01; Figure 5a) in all 91 cows as well as 
in the 70 cows that had P4 < 0.5 ng/mL at the second 
GnRH of Ovsynch (r = 0.61 and 0.30; P < 0.01; Figure 
4b and 5b, respectively). On the other hand, LH con-
centrations had a negative association with P4 when 

evaluated in all 91 cows (r = −0.45; P < 0.01; Figure 
6a) as well as in cows that had P4 ≥ 0.5 ng/mL (r = 
−0.46; P = 0.03; Figure 6b). However, the association 
was very poor and nonsignificant in cows that had P4 
< 0.5 ng/mL (r = −0.07; P = 0.54; Figure 6c).

Associations Among LH Categories, Parity, Plasma 
Hormones, and Reproductive Outcomes

Cows that were categorized as high-LH had greater 
(P < 0.01) mean plasma concentrations of FSH and a 
tendency (P = 0.09) for higher E2 than those catego-
rized as low-LH, but plasma P4 and the reproductive 
outcomes evaluated did not differ between high-LH and 
low-LH categories (Table 1).

Figure 2. The distribution of plasma LH concentrations (ng/mL) determined at 2 h after the GnRH of presynchronization (a) and the sec-
ond GnRH of Ovsynch (b) in all cows (solid bars; n = 89 for presynchronization and 91 for Ovsynch assessments) and in cows that had plasma 
progesterone (P4) <0.5 ng/mL (hatched bars; n = 60 for presynchronization and 70 for Ovsynch assessments).
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Primiparous cows had a tendency for lower P4 (mean 
± SEM; 0.001 ± 0.01 vs. 0.03 ± 0.01 ng/mL; P = 0.06) 
and greater P/AI at 33 d after AI (60.0 vs. 32.1%; 
P = 0.06) than multiparous cows. However, mean 
plasma concentrations of LH, FSH, and E2, and other 
reproductive outcomes (i.e., pregnancy at 60 d after AI, 
ovulatory response and pregnancy loss) did not differ 
between primiparous and multiparous cows (Table 1).

DISCUSSION

The variability for GnRH-induced LH responses 
was high at both presynchronization and Ovsynch as-
sessments. To the best of our knowledge, this study 
is the first to report variability of GnRH-induced LH 
responses under minimal influences of P4 in lactating 
dairy cows. Progesterone had a negative association 
with LH response in the current study (Figure 6a, 
b), which has also been reported in previous studies 
(Colazo et al., 2008; Giordano et al., 2012; Stevenson 
and Pulley, 2016). Elevated circulating P4 affects LH 
through several mechanisms: direct inhibition of LH 

release from the anterior pituitary gland (Schoenemann 
et al., 1985), down-regulation of GnRH receptors in the 
pituitary gland, thereby reducing pituitary responsive-
ness to GnRH, and through inhibition of GnRH pulses 
from the hypothalamus (Nett et al., 2002). Therefore, 
we inferred that the high variability values observed 
for GnRH-induced LH responses (78.7 and 63.1% at 
presynchronization and Ovsynch assessments, respec-
tively) were negatively influenced by peripheral P4 
concentrations at the time of GnRH administration. 
Notably, the between-animal variability values were de-
creased, yet remained high (76.1 and 52.1% at presyn-
chronization and Ovsynch assessments, respectively) 
despite adjusting for the possible suppressive influence 
of P4 on LH, by removing cows with P4 ≥ 0.5 ng/mL, 
indicating that a wide phenotypic variation exists for 
GnRH-induced LH responses in dairy cows, even after 
accounting for the possible effects of P4.

The repeatability of GnRH-induced LH concentration 
between presynchronization and Ovsynch assessments 
was low (0.16) when evaluated in all cows (P = 0.02). 
Our finding is in agreement with previous reports in 
small (Tyrrell et al., 1980) and large ruminants (Fajers-
son et al., 1999). Tyrrell et al. (1980) reported poor and 

Figure 3. Association between plasma LH (ng/mL) determined 
at 2 h after GnRH of presynchronization and the second GnRH of 
Ovsynch in all cows (a; n = 81; P = 0.03) and in cows that had proges-
terone (P4) concentrations <0.5 ng/mL at both GnRH of presynchro-
nization and at the second GnRH of Ovsynch (b; n = 45; P = 0.33).

Figure 4. Association between plasma FSH and LH (ng/mL) de-
termined at 2 h after the second GnRH of Ovsynch in all cows (a; n = 
91; P < 0.01) and in cows that had progesterone (P4) <0.5 ng/mL at 
the second GnRH of Ovsynch (b; n = 70; P < 0.01)
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nonsignificant repeatability estimates (0.10 to 0.20) for 
LH release when prepubertal ram and ewe lambs (n = 
15 per sex) were repeatedly challenged with exogenous 
GnRH treatments for 7 consecutive months starting 
from approximately 9 wk of age. Similarly, Fajersson et 
al. (1999) reported a nonsignificant range of correlation 
(r = −0.21 to 0.50; P > 0.10) when beef cattle (n = 18) 
exhibiting phenotypically extreme LH responses (high 
and low; selected based on >1 SD above the mean and 
>1 SD below the mean, respectively) were subjected 
to exogenous GnRH injections (100 μg i.v.) at d 5 to 8 
postpartum (after 2 consecutive calving events) and at 
170 d of gestation. At these 2 distinct time points, cows 
would have had extreme differences in both energy sta-
tus and circulating P4 concentrations. In the present 
study, we expected a greater repeatability for GnRH-
induced LH responses by assessing cows at 8 and 10 wk 
postpartum (assuming relatively similar energy states) 
and by eliminating the negative effect of circulating 
P4, but repeatability was further reduced (0.10). The 
GnRH-induced LH response and its repeatability could 
be negatively influenced by other factors such as low 

energy intake (Beal at al., 1978) and dietary long-chain 
fatty acids (Salehi et al., 2015) in addition to nega-
tive energy balance during the early postpartum period 
(Leers-Sucheta at al., 1994). In the current study, pos-
sible influences of energy status, high P4 concentra-
tions, and dietary fats on GnRH-induced LH responses 
were controlled, avoided, or both by evaluating GnRH-
induced LH responses twice within a short interval (8 
and 10 wk), by eliminating cows that had P4 ≥ 0.5 
ng/mL at GnRH, and by feeding similar diets. Indeed, 
the overall mean concentrations of GnRH-induced 
LH did not differ between GnRH of presynchroniza-
tion and the second GnRH of Ovsynch assessments in 
the present study. Together, these results suggest that 
GnRH-induced LH responses have poor repeatability, 
even under conditions that have been standardized as 
much as practically possible.

The association between GnRH-induced LH response 
categories, reproductive hormones, and fertility, under 
controlled influences of P4 (<0.5 ng/mL) has not been 
previously studied in dairy cows. Cows in the high-LH 
category had greater concentrations of FSH and a ten-
dency for higher E2 than cows in the low-LH category, 
and this pattern is evident from the positive associations 
among LH, FSH, and E2 reported in the current study 
(Figures 4 and 5) as well as in previous studies (Foster 
et al., 1980; Nett et al., 2002; Stevenson and Pulley, 
2016). We expected that cows with a high LH response 
to GnRH treatment would have increased likelihood 
of ovulation and consequently improved reproductive 
outcomes compared with cows with a low LH response. 
However, the reproductive outcomes, such as P/AI at 
33 and 60 d after AI and pregnancy loss, were similar 
between high- and low-LH categories. Given that this 
experiment was not adequately powered to evaluate the 
association between GnRH-induced LH response and 
fertility outcomes, the results presented herein should 
be interpreted cautiously. A posteriori power analysis 
based on the actual difference of 12.5% in ovulation 
response called for 93 animals per LH category. With 
only 24 animals per LH category in the current study, 
a difference of at least 45% in ovulatory response was 
required to attain statistical significance.

In a study conceptually similar to ours, Haley et al. 
(1989) reported associations between GnRH-induced 
LH responsiveness and fertility in sheep. They classified 
ram lambs into high- and low-responsive lines based on 
mean concentration of LH determined at 10 wk of age 
following an i.v. injection of 5 μg of GnRH. Thereafter, 
rams that were classified into high- and low-responsive 
lines were mated to ewes from the same lines, and pro-
gressively bred in a similar manner for several genera-
tions. After 8 male generations, the mean LH response 
for rams in the high-responsive line was 5 times greater 

Figure 5. Association between plasma estradiol (pg/mL) deter-
mined at 0 h before the second GnRH of Ovsynch and plasma LH (ng/
mL) determined at 2 h after the second GnRH of Ovsynch in all cows 
(a; n = 91; P < 0.01) and in cows that had progesterone (P4) < 0.5 
ng/mL at the second GnRH of Ovsynch (b; n = 70; P <0.01).
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Figure 6. Association between plasma progesterone (ng/mL) determined before (0 h) the second GnRH of Ovsynch and plasma LH (ng/mL) 
determined at 2 h after the second GnRH of Ovsynch in all cows (a; n = 91; P < 0.01), in cows that had progesterone (P4) ≥0.5 ng/mL (b; n 
= 21; P = 0.03) and P4 <0.5 ng/mL (c; n = 70; P = 0.54).

Table 1. Associations among LH categories, parity, plasma LH, FSH, estradiol, progesterone, and reproductive outcomes in lactating dairy cows

Variable

LH category1

 

Parity

High-LH 
(n = 24)

Low-LH 
(n = 24) P-value

Primiparous 
(n = 16)

Multiparous 
(n = 32) P-value

Plasma concentration, mean ± SEM            
 LH, ng/mL 18.9 ± 0.8a 5.6 ± 0.8b <0.01 12.3 ± 0.9 12.2 ± 0.6 0.90
 FSH, ng/mL 0.9 ± 0.05a 0.5 ± 0.05b <0.01 0.8 ± 0.06 0.7 ± 0.04 0.39
 Estradiol, pg/mL 2.6 ± 0.3x 1.8 ± 0.3y 0.09 2.0 ± 0.4 2.4 ± 0.3 0.49
 Progesterone, ng/mL 0.01 ± 0.01 0.02 ± 0.01 0.24 0.001 ± 0.01x 0.03 ± 0.01y 0.06
Ovulatory response,2 % (no./no.) 95.8 (23/24) 83.3 (20/24) 0.17 93.7 (15/16) 87.5 (28/32) 0.44
Pregnancy at 33 d after AI,2 % (no./
no.)

43.5 (10/23) 40.0 (8/20) 0.43 60.0 (9/15)x 32.1 (9/28)y 0.06

Pregnancy at 60 d after AI,2 % (no./
no.)

34.8 (8/23) 30.0 (6/20) 0.43 46.7 (7/15) 25.0 (7/28) 0.11

Pregnancy losses 33 to 60 d after AI,2 
% (no./no.)

20.0 (2/10) 25.0 (2/8) 0.80 22.2 (2/9) 22.2 (2/9) 1.00

a,bDifferent superscripts within the same row and category differ (P < 0.05).
x,yDifferent superscripts within the same row and category have a tendency to differ (0.05 < P ≤ 0.10).
1LH categories: cows that had progesterone <0.5 ng/mL at the second GnRH of Ovsynch (n = 70) were ranked by LH concentration, from high-
est to lowest, and those in the top and bottom thirds were designated as high- and low-LH categories (n = 24 each).
2Percentages reported for pregnancy at 33 and 60 d after AI and pregnancy losses between 33 and 60 d after AI were based on cows that ovu-
lated.
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than that of the low-responsive line (Haley et al., 1989). 
However, the associations between LH responsive lines 
and fertility were inconsistent. Ewes bred to high re-
sponder rams had higher ovulation rates in general than 
the low-responsive line during the first breeding season 
but not during the second breeding season. However, 
increases in the number of lambs born per ewe were not 
significant except during one generation.

In conclusion, despite high variability, the use of 
GnRH-induced LH response as a fertility phenotype 
for genetic selection remains questionable because of 
its poor repeatability. The association between GnRH-
induced LH responses and fertility outcomes under 
minimal influences of P4 warrants further investigation 
in a larger population of dairy cows.
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