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ABSTRACT

Our objective was to evaluate the effect of 3 different 
Ovsynch protocols on progesterone (P4) and pregnan-
cies per artificial insemination (P/AI), where all cows 
received a P4 releasing intravaginal device (PRID) from 
d 0 until d 8. We hypothesized that (1) both modified 
PGF2α treatments lead to decreased P4 at the second 
GnRH treatment (G2), resulting in greater P/AI, (2) 
the treatment effect is influenced by the presence of a 
corpus luteum (CL) at the beginning of the protocol, 
and (3) potential vaginal discharge caused by the PRID 
does not have a negative influence on fertility. Lactat-
ing Holstein cows (n = 1,056) were randomly assigned 
to 1 of 3 treatment groups on a weekly basis (n = 356; 
control: d 0, 100 µg of GnRH + PRID; d 7, 25 mg of 
dinoprost; d 8, PRID removal; d 9, 100 µg of GnRH). 
Cows in the second group (n = 353) received an Ovsynch 
protocol with a double dose of PGF2α (DoubleDose: d 
0, 100 µg of GnRH + PRID; d 7, 50 mg of dinoprost; 
d 8, PRID removal; d 9, 100 µg of GnRH). Cows in the 
third group (n = 347) received an Ovsynch protocol 
with a second PGF2α treatment 24 h after the first one 
(2PGF: d 0, 100 µg of GnRH + PRID; d 7, 25 of mg 
dinoprost; d 8, 25 mg of dinoprost and PRID removal; d 
9, 100 µg of GnRH). All cows had their ovaries scanned 
to determine the presence of a CL at the beginning 
of the Ovsynch protocol. Vaginal discharge score (VS) 
was evaluated at PRID removal. All cows received 
timed artificial insemination approximately 16 h after 
G2. Pregnancy diagnosis was performed via transrectal 
ultrasonography (d 38 ± 3 after timed artificial insemi-
nation) and rechecked on d 80 ± 7 after timed artificial 
insemination. Blood samples were collected on d 0, 7, 
and 9 of the protocol to determine P4 concentrations. 
Treatment affected P4 at G2. Progesterone was lower 
for 2PGF and DoubleDose cows compared with cows in 

the control group (control 0.35 ± 0.02 ng/mL; Double-
Dose 0.29 ± 0.02 ng/mL; 2PGF 0.30 ± 0.02 ng/mL). 
Overall, P/AI did not differ among treatments. We 
found, however, an interaction between treatment and 
CL at the first GnRH treatment. Cows lacking a CL 
at the first GnRH treatment in the 2PGF group had 
greater P/AI (47.9%) compared with the same type of 
cows in the DoubleDose group (32.7%). We observed an 
effect of VS on P4 concentration at d 7. We found an 
increase in P4 with greater VS. Vaginal discharge score 
at PRID removal tended to have a positive effect on P/
AI at d 38 (VS0: 36.5%; VS1: 41.3%; VS2: 49.7%). In 
conclusion, the addition of a second PGF treatment on 
d 7 and 8 of a 7-d Ovsynch protocol increased luteal 
regression and decreased mean P4 at G2. Cows treated 
with PGF2α 2 times 24 h apart showed greater P/AI, 
compared with cows treated with an increased dose of 
PGF2α.
Key words: prostaglandin, luteal regression, timed 
artificial insemination, Ovsynch, dairy cow

INTRODUCTION

Protocols for timed AI (TAI) have been widely ad-
opted in the dairy industry since their development in 
the late 1990s (Pursley et al., 1995; Caraviello et al., 
2006). The Ovsynch protocol consists of a consecutive 
treatment with GnRH and PGF2α in a certain time in-
terval, allowing AI that is not dependent on estrus de-
tection (Pursley et al., 1997) due to synchronization of 
ovulation. Initiating an Ovsynch protocol at a random 
stage of the estrus cycle may lead to suboptimum fertil-
ity because a proportion of cows will not ovulate after 
the first GnRH treatment (G1), and hence have a low 
concentration of circulating progesterone (P4) during 
the follicle growth phase. This results in reduced oocyte 
quality, a higher risk for pregnancy loss, and double 
ovulation (Revah and Butler, 1996; Martins et al., 2018; 
Carvalho et al., 2019). Intravaginal P4 devices can be 
used to counteract this effect, providing high P4 levels 
by mucosal absorption and therefore improving repro-
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ductive performance (Bisinotto et al., 2014, 2015a). As 
a reaction to the devices, a proportion of cows show 
vaginal discharge (Walsh et al., 2008; Santos et al., 
2016b). Also, strategies for presynchronization, such as 
Presynch-Ovsynch (Moreira et al., 2001; Galvão et al., 
2007), Double-Ovsynch (Souza et al., 2008; Herlihy et 
al., 2012), and G6G (Peters and Pursley, 2002; Bello et 
al., 2006), have been developed to ensure that cows are 
in an optimal stage of the estrus cycle to initiate the 
breeding Ovsynch protocol. This leads to more cows 
ovulating after G1 and results in a newly formed corpus 
luteum (CL) at d 7 of the Ovsynch protocol. Despite 
the beneficial effect of providing higher P4 levels during 
the follicle growth phase (Bisinotto et al., 2010; Wilt-
bank et al., 2014), the young CL does not necessarily 
regress completely after a single treatment with PGF2α, 
supposing that a mature CL is not simultaneously pres-
ent at that time (Nascimento et al., 2014; Carvalho 
et al., 2018). Although the exact mechanism remains 
unclear, a co-existing mature CL seems to induce luteal 
regression after a single PGF2α treatment in the young 
CL as well (Stevenson, 2016). Incomplete luteal regres-
sion, ranging from 0.3 to 0.5 ng/mL (Brusveen et al., 
2009; Fricke et al., 2016; Carvalho et al., 2018), at the 
time of the second GnRH treatment (G2) can cause a 
dramatic decrease in pregnancies per AI (P/AI; Gior-
dano et al., 2012b; Wiltbank et al., 2014; Borchardt 
et al., 2018; Carvalho et al., 2018). Modifications of 
dose and timing of PGF2α treatments in an Ovsynch 
protocol have been tested to increase reproductive per-
formance by decreasing the percentage of cows without 
complete luteal regression at the end of the protocol. 
One of the strategies was implementing an additional 
PGF2α treatment 24 h after the first treatment at d 7 
of the Ovsynch protocol, increasing the percentage of 
cows with complete luteal regression and subsequently 
P/AI (Brusveen et al., 2009; Carvalho et al., 2015; 
Wiltbank et al., 2015; Santos et al., 2016b; Rheinberger 
et al., 2020).

Alternatively, a greater dose of PGF2α at the sched-
uled time (Giordano et al., 2013) was applied, which 
increased luteal regression in multiparous cows in a 7-d 
Ovsynch and tended to increase P/AI, but failed to 
reproduce similar results in a 5-d Ovsynch protocol, 
compared with cows receiving 2 PGF2α treatments 24 
h apart (Ribeiro et al., 2012; Stevenson et al., 2018). 
Despite several studies examining 1 of the 2 methods, 
there are only a few studies comparing these different 
modifications directly and with a control group, regard-
ing reproductive performance and P4 concentrations 
(Barletta et al., 2018; Minela et al., 2021; Tippenhauer 
et al., 2021).

The objective of this study was to compare the effect 
of 2 PGF2α treatments 24 h apart (25 mg of dinoprost) 

and the treatment of a double PGF2α dose (50 mg of 
dinoprost) with a control group (25 mg of dinoprost at 
d 7) during a 7-d Ovsynch protocol with inclusion of 
a P4 releasing intravaginal device (PRID) on luteal 
regression and P/AI in lactating Holstein cows. We 
set out to test 3 hypotheses: (1) the risk of complete 
luteal regression and P/AI would increase in the modi-
fied Ovsynch protocols compared with the traditional 
7-d Ovsynch protocol, (2) the treatment effect is in-
fluenced by the presence of a CL at the beginning of 
the protocol, and (3) eventual vaginal discharge due to 
intravaginal insertions does not have a negative effect 
on reproductive performances.

MATERIALS AND METHODS

All experimental procedures were approved by the 
Institutional Animal Care and Use Committee of the 
Freie Universität Berlin (Reference number 2347-A-
3–2-2020).

Cows, Housing, and Feeding

The experiment was conducted from October 2020 
until July 2021. Lactating Holstein cows (n = 1,056; 
404 primiparous and 652 multiparous cows) from 1 
commercial dairy farm in Northeast Germany were 
used in this study. The farm consisted of 1,600 Holstein 
Friesian cows with an average 305 ECM yield of 9,809 
kg. Lactating cows were housed in a freestall barn with 
slatted floors and beds equipped with rubber mats. 
Group composition was dynamic, with cows entering 
and leaving the study barn depending on their calving 
dates. Cows were fed a TMR twice a day in a 12-h 
interval with free access to feed and water. The TMR 
consisted mainly of corn, alfalfa, and rye silage with 
brewer’s grain, extruded flax, canola meal, and soda 
gain with an additional mineral mix. The rations were 
formulated to meet or exceed the requirements accord-
ing to the NRC (2001). Lactating cows were milked 2 
times daily, starting at 0730 and 2000 h.

Reproductive Management  
and Experimental Treatments

First postpartum AI was executed using a modified 
Presynch-Ovsynch protocol (PGF, 14 d later PGF2α, 12 
d later start of an Ovsynch protocol) with cows receiv-
ing AI either at detected estrus after the first PGF 
treatment (50 ± 3 DIM) or after second PGF2α treat-
ment (64 ± 3 DIM). Cows not detected in estrus dur-
ing this presynchronization (41.5%; n = 465) received 
TAI according to the following Ovsynch protocol (86 
± 3 DIM). For the subsequent AI, nonpregnant cows 
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not reinseminated based on estrus detection (46.0%; n 
= 591) received an Ovsynch protocol starting at the 
day of nonpregnancy diagnosis, at d 38 ± 3 post AI. 
All cows receiving TAI were randomly assigned within 
parity to 1 of 3 Ovsynch protocols on a weekly ba-
sis (Figure 1). Cows in the control group (n = 356) 
received an Ovsynch protocol with a single PGF2α 
treatment (control: d 0, 100 µg of GnRH + PRID; d 
7, 25 mg of dinoprost; d 8 PRID removal, d 9, 100 
µg of GnRH). Cows in the second group (n = 353) 
received an Ovsynch protocol with a double dose of 
PGF2α (DoubleDose: d 0, 100 µg of GnRH + PRID; 
d 7, 50 mg of dinoprost; d 8 PRID removal, d 9, 100 µg 
of GnRH). Cows in the third group (n = 347) received 
an Ovsynch protocol with a second PGF2α treatment 
24 h after the first one (2PGF: d 0, 100 µg of GnRH 

+ PRID; d 7, 25 mg of dinoprost; d 8, 25 mg of dino-
prost and PRID removal; d 9, 100 µg of GnRH). Cows 
that lost the PRID before scheduled removal (n = 56; 
control: 20; DoubleDose: 23; 2PGF: 13), cows that left 
the herd before pregnancy diagnosis (n = 47; control: 
16; DoubleDose: 16; 2PGF: 15), and cows that were 
not treated or inseminated according to the protocol 
(n = 23; control: 14; DoubleDose: 6; 2PGF: 3) were ex-
cluded. Gonadotropin-Releasing-Hormon (gonadorelin 
diacetate tetrahydrate; Ovarelin 50 µg/mL), PGF2α 
(dinoprost trometamol; Enzaprost T 5 mg/mL), and 
P4 devices (P4; PRID Delta 1.55g) were from Ceva 
Santé Animale. Approximately 16 h after the G2, all 
cows received TAI by a trained AI technician. Conven-
tional semen of multiple Holstein sires chosen by the 
farmer was used for AI.
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Figure 1. Schematic representation of the study design. Cows in the control group (n = 356) received an Ovsynch protocol with a single 
prostaglandin F2α (PGF) treatment (control). Cows in the second group (n = 353) received an Ovsynch protocol with a double dose of 
PGF (DoubleDose). Cows in the third group (n = 347) received an Ovsynch protocol with a second PGF treatment 24 h after the first one 
(2PGF). All cows received a progesterone releasing intravaginal device (PRID) at the start of the Ovsynch protocol, which was removed at 
d 8. Approximately 16 h after the second GnRH treatment, all cows received timed AI (TAI). Blood samples were collected on d 0, 7, and 9, 
and ultrasound examination was performed on d 0 of each protocol. B = blood sample; US = ultrasonography; VS = vaginal discharge score.
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Body Condition Scoring, Ovarian Ultrasonography, 
Evaluation of Vaginal Discharge

On study d 0, transrectal ultrasound (Easi-Scan:GO, 
IMV Imaging) assessment of the ovaries was performed 
to determine the absence or presence and size of a CL. 
Luteal structures were identified based on their echo-
genicity (i.e., isoechogenic). Dimensions were estimated 
by visualization of the luteal tissue on a grid of 5-mm 
squares displayed in the background of the ultrasound 
device screen. Number and size of every CL on each 
ovary was recorded. Cavities within the CL filled with 
anechogenic texture were also recorded and subsequent-
ly subtracted from the CL total size. Body condition 
score was evaluated at enrollment using a 5-point scale 
with 0.25 increments whereas 1 = thin to 5 = fat (Fer-
guson et al., 1994). Vaginal discharge at the day of the 
PRID removal was evaluated and scored from 0 to 2, as 
described by Walsh et al. (2007) and modified by San-
tos et al. (2016b), consisting of 0 = no debris, 1 = small 
flecks of purulent debris, and 2 = abundant amount of 
purulent debris on the intravaginal device and vulva. 
Determination of BCS, vaginal discharge score (VS), 
and CL measurement were performed by the same, 
trained individual (M.H.) throughout the study.

Blood Collection and P4 Analysis

Blood samples were collected by venipuncture of the 
coccygeal vessels, using a 20-gauge, 1.5-inch hypoder-
mic needle (Vacuette, Greiner Bio-One GmbH) at d 
0, 7, and 9, to analyze the course of P4 concentration 
during the different protocols. Blood was extracted into 
a sterile, plastic, evacuated serum collection tube with 
no anticoagulant (8 mL, Vacuette, Greiner Bio-One 
GmbH), and centrifuged after collection on the dairy 
farm at 2,000 × g for 10 min at approximately 20°C, 
then stored on ice for transport to the laboratory of 
Clinic of Animal Reproduction, where serum was trans-
ferred into sterile vials (2 mL, Cryovial, Simport) and 
stored at −18°C until shipment to a commercial labo-
ratory (Segalab, accreditation number L0295). Serum 
P4 concentrations were determined, using an Enzyme 
labeled chemiluminescent competitive immunoassay 
(Immulite Progesterone Enzym, Siemens Healthcare). 
Intra- and interassay coefficients of variation for 20 as-
says for repeated samples averaged 7.35 ± 2.44% and 
8.08 ± 2.42%, respectively. The lower limit of detection 
was 0.2 ng/mL.

Pregnancy Diagnosis

Pregnancy diagnosis was performed using transrectal 
ultrasound d 38 ± 3 after AI and reconfirmed d 80 ± 7 

after AI by a veterinarian using a portable ultrasound 
device (Easi-Scan:GO, IMV Imaging), equipped with a 
7.5-MHz linear-array transducer. A positive pregnancy 
diagnosis was based on visualization of an embryo with 
a heartbeat. Nonpregnancy was based on absence of 
pregnancy at the day of examination or a rebreeding to 
an estrus before pregnancy diagnosis. Pregnancy loss 
included cows that experienced pregnancy loss from d 
38 to d 80.

Statistical Analysis

The results of pregnancy diagnosis and additional 
breeding information such as parity and number of 
AI were obtained from the herd management software 
(HerdeW, dsp agrosoft GmbH) and transferred to 
Excel (Microsoft Office 2016, Microsoft Deutschland 
Ltd.). Based on a statistical power calculation using 
MedCalc (version 15.6.1, MedCalc Software), enroll-
ment of 350 cows per treatment allowed for detection 
of a 10 percentage-point treatment difference in P/AI 
(95% confidence; 80% power) based on a 1-tailed test. 
All data were analyzed using SPSS for Windows (ver-
sion 25.0, SPSS Inc., IBM). Logistic regression models 
for P/AI and pregnancy loss analysis were built us-
ing the GENLINMIXED procedure of SPSS. Cow was 
the experimental unit. Model building was conducted 
as recommended by (Dohoo et al., 2009), where each 
parameter was first analyzed separately in an univari-
able model. Only parameters resulting in univariable 
models with P ≤ 0.10 were included in the final mixed 
model. Selection of the model that best fit the data was 
performed by using a backward stepwise elimination 
procedure that removed all variables with P > 0.10 
from the model. The initial model included the follow-
ing explanatory variables as fixed effects: treatment 
(control vs. DoubleDose vs. 2PGF), parity (primiparous 
vs. multiparous), BCS (≤2.75 vs. 2.75 to 3.5 vs. ≥ 3.5), 
AI number (first service vs. subsequent AI), and CL at 
G1 (yes vs. no), as well as interactions between these 
variables. Treatment and CL at G1 were forced to stay 
in the final model, regardless of their significance level. 
Insignificant effects and interactions were left out of 
the model. Therefore, the final model consisted of the 
following fixed effects: treatment, CL at G1, parity, and 
the interaction between treatment and CL at G1.

To evaluate the dynamics of P4 during the protocol 
(d 0, 7, 9), repeated measures ANOVA with first-order 
autoregressive covariance structure were performed us-
ing the GENLINMIXED procedure of SPSS. The out-
come variable was serum P4 (ng/mL). The initial model 
contained the following explanatory variables as fixed 
effects: sampling time (d 0, 7, 9), treatment (control vs. 
DoubleDose vs. 2PGF), parity (primiparous vs. mul-
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tiparous), AI number (first service vs. subsequent AI), 
CL at G1 (yes vs. no), and interactions between these 
variables. Insignificant effects and interactions were left 
out of the model. Therefore, the final model consisted 
of the following variables as fixed effects: treatment, CL 
at G1, parity, AI number, their interactions with sam-
pling time, sampling time, and the interaction of CL 
at G1 and treatment. Due to a significant interaction 
of CL at G1 and treatment, we calculated 2 separate 
models for cows with and without a CL at G1.

A Bonferroni adjustment was used to account for 
multiple comparisons. Variables were declared to be 
significant when P < 0.05. A statistical tendency was 
declared when P ≥ 0.05 and P ≤ 0.10.

Cows were stratified into 6 categories (Figure 2) using 
P4 concentrations (≤0.2 to ≥0.6 ng/mL in 0.1 ng/mL 
increments) at G2. Pregnancy per AI was calculated for 
cows in each P4 section to determine a threshold with 
the greatest decrease in P/AI, using a chi-squared test. 
The threshold was used to categorize a cutoff value for 
incomplete luteal regression at G2.

The effect of VS on P/AI was evaluated using the 
GENLINMIXED procedure as described above. The 
initial model contained the following fixed effects: par-
ity (primiparous vs. multiparous), BCS (≤2.75 vs. 2.75 
to 3.5 vs. ≥ 3.5), AI number (first service vs. subse-
quent AI), CL at G1 (yes vs. no), and VS (0 vs. 1 vs. 

2). Insignificant effects and interactions were left out of 
the final model; therefore, the final model consisted of 
VS and parity.

The effect of vaginal discharge on P4 dynamics 
was evaluated by repeated measures ANOVA using 
the GENLINMIXED procedure as described above. 
The initial model contained the following explanatory 
variables as fixed effects: sampling time (d 0, 7, 9), 
parity (primiparous vs. multiparous), AI number (first 
service vs. subsequent AI), CL at G1 (yes vs. no), VS 
(0 vs. 1 vs. 2), and interactions between these variables. 
Insignificant effects and interactions were left out of 
the model. Therefore, the final model consisted of the 
following variables as fixed effects: sampling time, VS, 
parity, AI number, CL at G1, and the interaction be-
tween VS and sampling time.

To determine the accuracy to identify a functional 
CL at the beginning of the Ovsynch protocol using 
transrectal ultrasound, we used a similar procedure as 
described by Sauls-Hiesterman et al. (2020). Accuracy, 
sensitivity, specificity, positive predictive value, and 
negative predictive value were calculated for the visual 
ability of the veterinarian to detect a CL by transrectal 
ultrasonography. The threshold for comparison of a 
functional CL at G1 was defined as P4 above 1 ng/mL. 
Positive detection of a CL and serum P4 above 1 ng/
mL was defined as a true positive (TP). Absence of a 
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Figure 2. Comparison of pregnancy per AI (P/AI) among different progesterone (P4) concentrations at the second GnRH treatment (G2). 
Cows were stratified into 6 categories using P4 concentrations (≤0.2 to ≥0.6 ng/mL in 0.1 ng/mL increments) at G2. Pregnancy per AI was 
calculated for cows in each P4 section to determine a threshold with the greatest decrease in P/AI, using a chi-squared test. Bars with different 
letters (a–c) differed significantly (P ≤ 0.05).
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CL and serum P4 below 1 ng/mL was considered to be 
a true negative (TN). A false positive (FP) was de-
fined as detection of a CL when P4 was below 1 ng/mL. 
A false negative (FN) was defined as absence of a CL 
when serum P4 was above 1 ng/mL. Accuracy was cal-
culated by dividing the TP by all positives [TP/(TP + 
FP)]. Sensitivity was calculated by dividing the TP by 
the sum of the TP and FN [TP/(TP + FN)], whereas 
specificity was determined by dividing the TN by the 
sum of the FP and TN [TN/(FP + TN)]. The positive 
predictive value was determined by dividing the TP 
by all test positives [TP/(TP + FP)]. The negative 
predictive value was determined by dividing the TN 
by all test negatives [TN/(TN + FN)]. To define refer-
ence criteria for identifying cows with a functional CL 
based on the CL diameter, we used a receiver operating 
characteristic (ROC) analysis. The continuous variable 
was CL diameter, and the classification variable was 
P4 concentration above 1.0 ng/mL. The ROC curves 
compare sensitivity with 100 − specificity.

The point on the ROC curve with the highest com-
bined sensitivity and specificity was considered the 
critical threshold. Interpretation of this critical thresh-
old was based on the area under the curve (AUC), 
according to Swets (1988), as noninformative (AUC = 
0.5), accurate (0.5 < AUC ≤ 0.7), very accurate (0.7 
< AUC ≤ 0.9), highly accurate (0.9 < AUC < 1), and 
perfect (AUC = 1).

RESULTS

Milk Yield, BCS, and AI in Estrus

Descriptive data are summarized in Table 1. Average 
BCS did not differ among treatments (P = 0.840). Pri-

miparous cows had greater (P = 0.001) BCS compared 
with multiparous cows (3.09 ± 0.3 vs. 2.77 ± 0.4). The 
proportion of cows with low BCS (≤2.50) was higher 
in multiparous cows (37.5%) than in primiparous cows 
(6.6%). However, the distribution of cows with low BCS 
did not differ among treatments (P = 0.633). Average 
milk production did not differ among treatments (P 
= 0.788, control: 34.9 ± 0.4; DoubleDose: 34.6 ± 0.4; 
2PGF: 34.5 ± 0.4). The proportion of cows receiving 
first postpartum AI, thus having presynchronization 
before the Ovsynch protocol, did not differ (P = 0.603) 
among treatments. Days in milk at enrollment did not 
differ among treatments (P = 0.466).

P4 Concentrations

In total, 1,011 cows had a complete set of P4 con-
centrations from all 3 time points (Table 2). Mean P4 
serum concentrations at enrollment did not differ (P 
= 0.630) among treatments (control 2.31 ± 0.11 ng/
mL; DoubleDose 2.38 ± 0.11 ng/mL; 2PGF 2.24 ± 
0.11 ng/mL) or parity (P = 0.222; primiparous cows 
2.37 ± 0.09 ng/mL; multiparous cows 2.25 ± 0.07 ng/
mL). Cows receiving first AI had lower (P = 0.001) P4 
concentrations at G1 (1.94 ± 0.08 ng/mL) compared 
with cows receiving subsequent AI (2.68 ± 0.08 ng/
mL). Cows with a CL at G1 had greater (P = 0.001) 
P4 concentrations at initiation of the protocol (4.2 ± 
0.06 ng/mL) compared with cows lacking a CL at G1 
(0.41 ± 0.11 ng/mL). On study d 7, mean P4 concen-
trations did not differ (P = 0.282) among treatments 
(control 3.65 ± 0.14 ng/mL; DoubleDose 3.54 ± 0.14 
ng/mL; 2PGF 3.33 ± 0.15 ng/mL), but differed among 
parity (P = 0.001), with primiparous cows having 
greater P4 concentrations (3.82 ± 0.13 ng/mL) than 
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Table 1. Comparison of descriptive data (±SEM) for cows enrolled in this experiment1

Item

Treatment2

P-valueControl DoubleDose 2PGF

DIM at enrollment 141.6 ± 4.2 136.1 ± 4.0 143.4 ± 5.0 0.466
BCS at enrollment 2.89 ± 0.02 2.90 ± 0.02 2.91 ± 0.02 0.840
Primiparous cows, % 37.9 38 38.9 0.955
Mean lactation number 2.24 ± 0.07 2.21 ± 0.07 2.27 ± 0.08 0.513
First service, % 43.5 46.2 42.7 0.603
Mean service number 2.24 ± 0.08 2.20 ± 0.1 2.31 ± 0.11 0.704
Active CL at enrollment,3 % 71.1 75.1 75.8 0.305
1Lactating Holstein cows were randomly assigned to receive (1) control: d 0, 100 µg of GnRH + progesterone 
releasing intravaginal device (PRID); d 7, 25 mg of dinoprost; d 8, PRID removal; d 9, 100 µg of GnRH; (2) 
DoubleDose: d 0, 100 µg of GnRH + PRID; d 7, 50 mg of dinoprost; d 8, PRID removal; d 9, 100 µg of GnRH; 
(3) 2PGF: d 0, 100 µg of GnRH + PRID; d 7, 25 mg of dinoprost; d 8, 25 mg of dinoprost and PRID removal; 
d 9, 100 µg of GnRH. All cows received timed AI approximately 16 h after the second GnRH treatment (G2).
2DoubleDose = an Ovsynch protocol with a double dose of PGF2α; 2PGF = an Ovsynch protocol with a second 
PGF2α treatment 24 h after the first one.
3Blood progesterone ≥1 ng/mL at enrolment; CL = corpus luteum.
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multiparous cows (3.12 ± 0.1 ng/mL). Cows receiving 
first AI had greater (P = 0.001) P4 concentrations on 
study d 7 (4.24 ± 0.11 ng/mL) compared with cows 
receiving subsequent AI (2.8 ± 0.11). Cows with a CL 
at initiation of the protocol had greater (P = 0.001) 
P4 concentrations on study d 7 (4.34 ± 0.09 ng/mL) 
compared with cows lacking a CL at G1 (2.68 ± 0.14 
ng/mL). Distribution of cows having P4 concentra-
tions above 1.0 ng/mL, as considered a cutoff level for 
presence of a CL, at first PGF2α application did not 
differ (P = 0.904) among treatments (control 85.7%; 
DoubleDose 84.7%; 2PGF 85.4%), but was greater (P 
= 0.001) for primiparous cows (359/389; 93.3%) com-
pared with multiparous cows (504/622; 81.0%), and 
also (P = 0.001) for cows receiving first AI (402/443; 
90.7%) compared with cows receiving subsequent AI 
(461/568; 81.2%). Proportion of cows with luteolysis 
differed among treatments (P = 0.025; control 84.8%; 
DoubleDose 91%; 2PGF 92.6%) considering only cows 
with P4 concentrations above 1.0 ng/mL (indicative of 
presence of a CL) at first PGF2α (863/1011) and 0.5 
ng/mL at G2 (indicative of complete luteolysis). Cows 
in the 2PGF group (P = 0.010) and in the DoubleDose 
group (P = 0.033) had a greater proportion of cows 
with complete luteolysis compared with control cows. 
The proportion of cows with complete luteolysis did 
not differ between DoubleDose and 2PGF cows (P = 
0.525). The proportion of cows with complete luteal 
regression did not differ among parity (P = 0.229) or 
luteal status at protocol initiation (P = 0.267). We 
found, however, an interaction between treatment and 
CL at G1 (P = 0.045), with a greater proportion of 
cows with complete luteolysis in the 2PGF group (P 
= 0.06) and DoubleDose group (P = 0.017) compared 
with control cows, when no CL was present at G1. The 
proportion of cows with complete luteolysis differed (P 

= 0.032) among AI number (first AI 87.7%; subsequent 
AI 91.7%). Mean P4 concentrations at G2 differed (P = 
0.037) among treatments (control 0.35 ± 0.02 ng/mL; 
DoubleDose 0.29 ± 0.02 ng/mL; 2PGF 0.30 ± 0.02 ng/
mL) and were lower for 2PGF cows (P = 0.043) and 
DoubleDose cows (P = 0.023) compared with cows in 
the control group. Progesterone at G2 did not differ for 
DoubleDose and 2PGF cows (P = 0.753). Progesterone 
concentrations at G2 did not differ among parity (P 
= 0.425; multiparous 0.27 ± 0.01 ng/mL; primiparous 
0.29 ± 0.02 ng/mL). Cows receiving first AI tended 
(P = 0.087) to have greater P4 concentrations at G2 
(0.36 ± 0.01 mg/mL), compared with cows receiving 
subsequent AI (0.26 ± 0.03 ng/mL). Luteal status at 
G1 had no influence on P4 concentrations (P = 0.700). 
We found, however, an interaction between treatment 
and CL at G1 (P = 0.087). Cows without a CL at 
initiation of the protocol had decreased (P = 0.014) 
P4 concentrations when treated with a double dose of 
PGF2α and tended (P = 0.062) to have a decreased 
P4 concentration at G2 when receiving 2 consecutive 
treatments 24 h apart.

P/AI and Pregnancy Loss

Overall P/AI at d 38 ± 3 was 42.3%. When all 3 
treatments were considered in the model, an effect of 
treatment on P/AI at d 38 ± 3 (Table 3) was not ob-
served (P = 0.119). In pairwise comparison, however, 
cows that received an additional treatment 24 h apart 
had greater P/AI (46.5%) compared with DoubleDose 
cows (37.7%; P = 0.045), but did not differ compared 
with cows in the control group (40.3%; P = 0.144). 
Treatment effect for cows receiving a double dose 
compared with control cows was not significant (P = 
0.548). Primiparous cows (44.6%; 185/404) tended (P 
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Table 2. Comparison of progesterone (P4, ng/mL ± SEM) concentrations among treatments1

Item2

Treatment3

 

P-value4

Control DoubleDose 2PGF Trt C1 C2 C3

P4 at G1, ng/mL 2.31 ± 0.11 2.38 ± 0.11 2.24 ± 0.11 0.630 0.612 0.649 0.340
P4 at PG, ng/mL 3.65 ± 0.14 3.54 ± 0.14 3.33 ± 0.15 0.282 0.586 0.115 0.305
P4 at G2, ng/mL 0.35 ± 0.02 0.29 ± 0.02 0.30 ± 0.02 0.037 0.023 0.043 0.753
1Lactating Holstein cows were randomly assigned to receive (1) control: d 0, 100 µg of GnRH + progesterone releasing intravaginal device 
(PRID); d 7, 25 mg of dinoprost; d 8, PRID removal; d 9, 100 µg of GnRH; (2) DoubleDose: d 0, 100 µg of GnRH + PRID; d 7, 50 mg of dino-
prost; d 8 PRID removal; d 9, 100 µg of GnRH; (3) 2PGF: d 0, 100 µg of GnRH + PRID; d 7, 25 mg of dinoprost; d 8, 25 mg of dinoprost and 
PRID removal; d 9, 100 µg of GnRH; all cows received timed AI approximately 16 h after the second GnRH treatment (G2). 
2Progesterone (P4) concentrations were derived from the GENLINMIXED model including treatment, corpus luteum at d 0 of the protocol 
(G1), parity, sampling time, AI number, their interactions with sampling time and the interaction between treatment and corpus luteum at G1; 
PG = d 7 of the protocol.
3DoubleDose = an Ovsynch protocol with a double dose of PGF2α; 2PGF = an Ovsynch protocol with a second PGF2α treatment 24 h after 
the first one.
4Trt = treatment; C1 = pairwise comparison between the control group and DoubleDose group; C2 = pairwise comparison between the control 
group and 2PGF group; C3 = pairwise comparison between the 2PGF group and DoubleDose group.
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= 0.051) to have greater P/AI at d 38 ± 3 post AI than 
multiparous cows (38.4%; 262/652). Service number 
had no effect (P = 0.867) on P/AI at d 38 ± 3 post AI.

Pregnancy per AI at d 80 ± 7 after AI was signifi-
cantly greater for primiparous cows (42.9%) compared 
with multiparous cows (35.4%; P = 0.015). Treatment 
did not affect (P = 0.134) P/AI at d 80 ± 7 post AI. 
However, pairwise comparison indicated that cows in 
the 2PGF group tended to have greater (44.1%) P/AI 
than cows in the DoubleDose group (35.6%; P = 0.055) 
but did not differ compared with control cows (37.7%; 
P = 0.139). Pregnancy per AI did not differ between 
cows in the control group and DoubleDose cows (P = 
0.620). Service number had no effect (P = 0.993) on P/
AI at d 80 ± 7 post AI.

Treatment had no effect on pregnancy loss [P = 0.471; 
control 6.9% (10/144) vs. DoubleDose 3.6% (5/137) vs. 
2PGF 5.8% (9/156)]. Parity tended to affect pregnancy 
loss (P = 0.09). Primiparous cows tended to have re-
duced pregnancy loss compared with multiparous cows 
[3.3% (6/181) vs. 7.0% (18/256)]. Service number had 
no effect (P = 0.514) on pregnancy loss.

Effect of Presence of a CL at G1

Of all the cows included in this study, 74% 
(781/1056) had a functional CL, based on serum P4 
levels of 1.0 ng/mL or above at G1. Distribution of CL 
among treatments (P = 0.305) did not differ (Table 1). 
Distribution of CL did not differ (P = 0.133) between 
primiparous and multiparous cows [76% (307/404) 
vs. 72.7 (474/652)] and also (P = 0.315) between 
cows receiving first service and subsequent AI [73.1% 

(340/465) vs. 74.6% (441/591)]. Overall P/AI at d 38 
± 3 after AI did not differ (P = 0.121) between cows 
with and without a CL at G1. For cows with a CL 
at G1, P/AI did not differ among treatments (P = 
0.868). For cows without a CL at G1, an effect of treat-
ment on P/AI was not observed (P = 0.110). Pairwise 
comparison, however, indicated that cows within the 
2PGF group had greater (47.9%; P = 0.043) P/AI 
when compared with DoubleDose cows (32.7%), but 
did not differ compared with control cows (36.1%; P 
= 0.109). Pregnancy per AI did not differ between 
DoubleDose and control cows (P = 0.623). Presence 
of a CL had no significant effect on P/AI at d 80 ± 7 
after AI (P = 0.280) as well as pregnancy loss (P = 
0.203). Pregnancy per AI at d 80 ± 7 did not differ 
among treatments when considering the presence (P 
= 0.854) or absence (P = 0.130) of a CL. Cows in the 
2PGF group, however, had greater P/AI (P = 0.047) 
if no CL was present at G1 compared with cows in the 
DoubleDose group, but did not differ for cows in the 
control group (P = 0.162). Pregnancy per AI did not 
differ when comparing cows in the DoubleDose group 
with control cows (P = 0.504).

Accuracy to Detect a Functional CL

The overall accuracy was 87.2% to identify a func-
tional CL using transrectal ultrasound at the beginning 
of the protocol. The AUC was 0.901 and can be consid-
ered highly accurate. The optimum cutoff was a 20-mm 
diameter of the CL. Sensitivity and specificity was 89.6 
and 80.0%, respectively. The positive predictive value 
was 92.8%. The negative predictive value was 73.1%.
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Table 3. Comparison of pregnancy per AI [P/AI, % (number of pregnant cows, n/number of all cows, N)] among treatments within luteal 
status at d 01

Treatment

Luteal status2

 

P-value3No CL, %

 

CL, %

Control DoubleDose 2PGF Control DoubleDose 2PGF Trt C1 C2 C3

P/AI at d 38 ± 3 36.1 32.7 47.9 44.5 43.0 45.2 0.119 0.548 0.144 0.045
 (n/N) (37/103) (29/88) (39/84) (111/253) (113/265) (118/263)
P/AI at d 80 ± 7 35.5 30.9 45.8 40.0 40.7 42.4 0.134 0.620 0.139 0.055
 (n/N) (36/102) (27/87) (37/84) (98/250) (105/261) (110/262)  
1Lactating Holstein cows were randomly assigned to receive (1) control: d 0, 100 µg of GnRH + progesterone releasing intravaginal device 
(PRID); d 7, 25 mg of dinoprost; d 8 PRID removal; d 9, 100 µg of GnRH; (2) DoubleDose: d 0, 100 µg of GnRH + PRID; d 7, 50 mg of dino-
prost; d 8, PRID removal; d 9, 100 µg of GnRH; (3) 2PGF: d 0, 100 µg of GnRH + PRID; d 7, 25 mg of dinoprost; d 8, 25 mg of dinoprost and 
PRID removal; d 9, 100 µg of GnRH. All cows received timed AI approximately 16 h after the second GnRH treatment. 
2Percentages for P/AI were derived from the GENLINMIXED model including treatment, parity, CL at first GnRH treatment (G1), and the 
interaction of CL at G1 × treatment; no CL = lack of a corpus luteum at d 0 based on a progesterone threshold of 1 ng/mL at d 0; CL = pres-
ence of a corpus luteum at d 0 based on a progesterone threshold of 1 ng/mL at d 0; DoubleDose = an Ovsynch protocol with a double dose of 
PGF2α; 2PGF = an Ovsynch protocol with a second PGF2α treatment 24 h after the first one.
3Trt = treatment; C1 = pairwise comparison between the control group and DoubleDose group; C2 = pairwise comparison between the control 
group and 2PGF group; C3 = pairwise comparison between the 2PGF group and DoubleDose group.
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Effect of Vaginal Discharge at PRID Removal  
on P/AI and P4 

Overall, 6.5% (69/1056) of cows had a VS of 0, 73.9% 
(780/1056) had a VS of 1, and 19.5% (207/1056) had 
a VS of 2 (Figure 3). The distribution of VS at PRID 
removal did not differ among treatments (P = 0.265) or 
luteal status at G1 (P = 0.579). The distribution of VS 
was affected by parity (P = 0.001; primiparous cows: 
3.7% VS 0, 72.3% VS 1, 24.0% VS 2 vs. multiparous 
cows: 8.3% VS 0, 74.8% VS 1, 16.9% VS 2) and service 
number (P = 0.046; first AI: 6.5% VS 0, 70.5% VS 1, 
23% VS 2 vs. subsequent AI: 6.6% VS 0, 76.5% VS 1, 
16.9% VS 2).

Vaginal discharge score had a significant association 
(P = 0.001) with P4 concentrations at the first PGF2α 
treatment (Figure 4). Cows assigned to a VS of 2 had 
greater (4.3 ± 0.2 ng/mL) serum P4 levels than cows 
assigned to score 0 (3.0 ± 0.3 ng/mL; P = 0.001) and 
1 (3.7 ± 0.1 ng/mL; P = 0.002). Progesterone con-
centration at d 7 was greater (P = 0.027) for cows 
assigned to VS 1 compared with cows assigned to VS 
0. Vaginal discharge score at PRID removal tended to 
have an association with P/AI at d 38 after AI (Fig-
ure 3; P = 0.072). Pregnancy per AI did not differ 
(P = 0.459) among cows scored with a VS of 0 and 1 
[36.5% (25/69); 41.3% (320/780)], but was significantly 
greater [49.7% (102/207)] for cows having a VS of 2, 
compared with VS 1 (P = 0.039), and tended to be 

greater compared with VS 0 (P = 0.066). Parity had 
a significant effect (P = 0.032), with primiparous cows 
having greater (45.9%) P/AI at d 38 ± 3 post AI com-
pared with multiparous cows (39%).

Vaginal discharge had no relationship with P/AI at d 
80 ± 7 after AI (P = 0.116). Pregnancy per AI did not 
differ (P = 0.848) among cows scored with a VS of 0 
and 1 [37% (22/65); 38.2% (287/754)], but was greater 
[46.5% (91/196)] for cows having a VS of 2 compared 
with VS 1 (P = 0.045). Pregnancy per AI did not differ 
for cows with a VS of 0 and 2 (P = 0.190) and a VS of 
1 and 2 (P = 0.123). Parity had a significant effect (P 
= 0.008) on P/AI at d 80 ± 7 post AI, with primipa-
rous cows having greater (44.9%) P/AI compared with 
multiparous cows (36.2%).

Pregnancy loss was not affected by VS (P = 0.461).

DISCUSSION

Outcomes from this study provide additional evi-
dence on the effect of different PGF2α modifications in 
reproductive programs, using dinoprost tromethamine 
and the inclusion of a PRID. Failure of complete luteal 
regression (P4 above 0.3–0.5 ng/mL at G2) is a ma-
jor problem that occurs in 12 to 21% of cows in TAI 
protocols with a single PGF2α treatment (Brusveen et 
al., 2009; Heidari et al., 2017; Barletta et al., 2018). 
This has a deleterious effect on P/AI (Borchardt et al., 
2018). Especially cows without a CL at the initiation of 
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Figure 3. Comparison of pregnancy per AI (P/AI; ± SEM) at d 38 ± 3 post AI, depending on vaginal discharge score at removal of the 
progesterone releasing intravaginal device (PRID). Vaginal discharge was evaluated in all cows at PRID removal using a scale of 0 to 2. A score 
of 0 indicated clear or no debris on the PRID (6.6% of cows), a score of 1 indicated small flecks of purulent debris on the PRID (73.8% of cows), 
and a score of 2 indicated abundant purulent mucus on the PRID (19.6% of cows). Treatment had no effect on vaginal discharge score (P = 
0.265). Percentages for P/AI were derived from the GENLINMIXED model including vaginal discharge score and parity. Bars with different 
letters (a, b) differed significantly (P ≤ 0.05). Bars with * tended to differ (P ≤ 0.1).
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the protocol are prone to incomplete luteolysis. Cows, 
experiencing a low P4 environment, have a greater 
amplitude of LH surge induced by the G1 (Giordano 
et al., 2012), leading to a higher ovulatory response 
(Giordano et al., 2013; Carvalho et al., 2015b) and a 
newly formed CL. The latter needs at least 5 d to be 
susceptible to a PGF2α dose for induction of luteolysis 
(Pursley et al., 1995; Tsai and Wiltbank, 1998; Levy et 
al., 2000). The young CL remains reluctant to regres-
sion, although PGF2α receptors with high PGF2α af-
finity already exist within d 2 after ovulation (Pursley 
et al., 1995; Wiltbank et al., 1995). It is assumed that 
pulsatile release rather than the amplitude of PGF2α 
contributes to luteolysis, which may explain the greater 
P/AI results in cows that received 2 consecutive treat-
ments of PGF2α (McCracken et al., 1999; Ginther et 
al., 2009). This finding was supported by the pattern 
of PGF2α-induced gene expression being more distinct 
for luteolysis after multiple treatments compared with 
1 single application (Atli et al., 2012).

In our study, cows benefitted most of the Ovsynch 
modification with a second PGF2α treatment. The 
positive effect on reproductive performance can espe-
cially be seen in cows without a CL at G1, with an 11.8 
percentage-points increase in P/AI compared with the 
control group. This supports the notion that a CL at 
the beginning of an Ovsynch protocol does influence 
treatment effects. However, these results need to be 
assessed cautiously because of the small subgroup of 
cows without a CL (n = 275) at the beginning of 
the protocol. Barletta et al. (2018) provided similar 
results for cows without a CL at initiation of a re-
synch protocol. These authors reported an increase of 
19 percentage-points (P = 0.09) in cows treated with 
2 consecutive doses of dinoprost tromethamine and 
also acknowledged that the lack of statistical signifi-
cance might be due to the relatively small subgroup 
of cows without a CL at G1 (n = 66). In a recent 
study, Tippenhauer et al. (2021) compared a standard 
Ovsynch protocol including 1 PGF treatment (0.5 mg 
cloprostenol) on d 7 with a double PGF2α dose (1 mg) 
and 2 treatments (0.5 mg cloprostenol) 24 h apart 
on 8 different dairy farms. The results showed that 2 
consecutive cloprostenol sodium treatments increased 
P/AI by 8.5 percentage-points compared with the 
control group, whereas a higher PGF2α dose increased 
P/AI by 1.6 percentage-points, indicating the infe-
riority of the latter. On the contrary, Minela et al. 
(2021) showed that both modifications achieve similar 
results when using cloprostenol sodium, considering 
the different metabolization leading to an enhanced 
half-life of approximately 3 h for cloprostenol sodium 
compared with approximately 8 to 9 min for dinoprost 
tromethamine (Reeves, 1978; Veronese et al., 2019). 

These cows were, however, synchronized using a 
Double-Ovsynch or a GnRH administration 7 d before 
Ovsynch for subsequent AI. Regarding the addition of 
a second PGF2α treatment in a 7-d Ovsynch protocol, 
both types of prostaglandin have been shown to be 
effective (Barletta et al., 2018; Tippenhauer et al., 
2021).

Different presynchronization protocols might explain 
differences between studies as fertility protocols in-
cluding GnRH (e.g., Double-Ovsynch, G6G) increase 
the proportion of cows with a functional CL at the 
beginning of the protocol and with an accessory CL 
at the time of PGF2α treatment. Although incomplete 
luteolysis is an issue related to this accessory CL, the 
simultaneous presence of an older CL, associated with 
higher P4 concentrations at protocol initiation or at the 
time of PGF2α induced luteolysis (Martins et al., 2011), 
seems to have a beneficial effect on luteal regression in 
the accessory CL (Carvalho et al., 2018). In contrast 
to that, using a presynchronization with PGF (i.e., 
Presynch-Ovsynch) and AI after spontaneous estrus 
(i.e., cherry picking) might lead to a greater proportion 
of cows without an active CL at G1. We observed no 
difference in the proportion of cows with an active CL 
at G1 for cows receiving first AI (26.9%) compared 
with cows receiving subsequent AI (25.4%). However, 
we found a difference in the average P4 concentration 
at G1 for cows receiving first AI (1.94 ± 0.08 ng/mL) 
compared with cows receiving subsequent AI (2.68 ± 
0.08 ng/mL). We did not observe an interaction of 
treatment by service number regarding fertility. There-
fore, it remains questionable whether the treatment ef-
fect of a PGF2α modification is different among various 
presynchronization protocols.

In the literature, the effect of parity on P/AI is incon-
sistent when comparing a single PGF2α dose at d 7 with 
a modified PGF2α schedule. Although primiparous cows 
may have greater luteal regression compared with mul-
tiparous cows when submitted to an Ovsynch protocol 
(Martins et al., 2011; Giordano et al., 2012b), P/AI 
results of various studies differ. A recent meta-analysis 
by Borchardt et al. (2021) showed that in primiparous 
and multiparous cows, an additional dose of PGF2α on 
d 8 of the protocol yielded a 4.24 (95% CI = 0.31–8.17) 
and 5.31 (95% CI = 2.75–7.87) risk difference in P/AI, 
respectively. In our study, reproductive performance 
tended to be improved in primiparous cows. However, 
we found a potential confounding through BCS, with 
multiparous cows having overall lower BCS and more 
cows having a BCS below 2.5. A study by Atanasov 
et al. (2021) showed that thinner (≤2.75) cows were 
less successful in luteal regression and had lower P/AI 
compared with cows having a BCS above 2.75, whereas 
no difference was observed between treatments. On 
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the contrary, Stevenson and Phatak (2010) stated that 
cows with a BCS below 2.5 had significantly greater 
luteolysis.

Progesterone concentrations below 1.0 ng/mL during 
the follicle growth phase result in lower P/AI (Carv-
alho et al., 2018) and greater risk for double ovulation 
(Carvalho et al., 2019). In this study, the relatively low 
pregnancy losses could be explained by the addition of 
the PRID device to the protocol. The insert provides 
P4 during the follicular growth phase in cows without a 
CL at G1, which has a beneficial effect on oocyte qual-
ity due to a decreased LH pulse frequency that would 
otherwise cause overstimulation (Kinder et al., 1996; 
Santos et al., 2016a). This assumption is supported by 
the outcomes of previous studies (Bisinotto et al., 2015) 
observing decreased pregnancy loss or greater P/AI af-
ter TAI protocols with intravaginal P4 inserts. Herlihy 
et al. (2011) demonstrated that P4 inserts in combina-
tion with an Ovsynch protocol can increase conception 
rates when the P4 insert was applied from d 0 to d 8 
of the protocol as implemented in our study. Further-
more, Lauber et al. (2021) observed a decrease of early 
estrus expression when delaying the removal of the P4 
insert from d 5 until d 6 in a modified 5-d Cosynch 
protocol in dairy heifers. Whether the extended time of 
PRID insertion has an influence on fertility and cyclic 
synchronization, ultimately affecting reproductive per-
formance and oocyte quality, needs to be addressed in 
further studies.

It has been shown in a recent meta-analysis (Bisi-
notto et al., 2015) that the benefit of P4 supplementa-
tion was observed primarily in cows without CL at the 
initiation of the synchronization protocol. Therefore, 
the accuracy of detecting a functional CL is critical 
to maximize the effect of P4 supplementation. In our 
study, we observed a sensitivity of 89.6% and a specific-
ity of 80%. The sensitivity is in the range with 2 other 
studies (Bicalho et al., 2008; Sauls-Hiesterman et al., 
2020). Specificity seems a bit higher than what has 
been observed in these studies. Sauls-Hiesterman et al. 
(2020) described a discrepancy between different AI 
technicians in terms of specificity, ranging from 20 to 
70% with an average of 39.8%, and Bicalho et al. (2008) 
reported a specificity of 45.7%. The accuracy of a tech-
nician to identify cows with a functional CL needs to 
be taken into account to maximize the potential of P4 
supplementation in cows with a CL.

Whereas high P4 levels during the follicle development 
can be advantageous, slight elevations of P4 (Giordano 
et al., 2012b; Carvalho et al., 2015b) near AI can cause 
a dramatic reduction in fertility (Brusveen et al., 2009; 
Wiltbank et al., 2012; Borchardt et al., 2018). This ef-
fect might be mediated through altered oviductal and 
uterine contractility (Hunter, 2005), reduced endome-

trial thickness (Souza et al., 2011), and a reduced mag-
nitude of the LH surge after G2 (Stevenson and Pulley, 
2016). Considering this, complete luteal regression in 
TAI protocols is crucial for fertility in dairy cows. Re-
search by Barletta et al. (2018) described a tendency 
for cows with complete luteolysis when treated with 2 
separate PGF2α doses (94%), which also resulted in a 
tendency for greater P/AI results, where the increased 
dose of PGF2α did not show any differences in luteal re-
gression (88%) or P/AI compared with a control group 
(88%). Our results confirm those findings as cows in 
the 2PGF group had significantly greater risk for lu-
teolysis (92.6%) compared with control cows (84.8%). 
The DoubleDose cows, however, also had greater risk 
for luteal regression, but this was not accompanied by 
an improvement in fertility.

An interesting observation was the association be-
tween VS at PRID removal and P/AI. To the best of 
our knowledge, this is the first study, where we ob-
served greater P4 levels at d 7 of the protocol in cows 
with a greater VS (Figure 4). The higher P4 levels 
observed in those cows with more local inflammation, 
based on mechanical irritation (Ahmadi et al., 2007), 
may be due to higher vaginal blood flow and thereby 
an increased hormonal absorption. In addition to that, 
however, the results observed in our study may be in-
fluenced by service number and parity. Several studies 
did not show a negative or positive influence of VS after 
vaginal P4 insert removal on reproductive performance 
and P4 concentrations. Walsh et al. (2008) could not 
find an association between vaginal discharge caused by 
intravaginal devices and systemic inflammation. This 
indicates that inflammation caused by a P4 insert is 
locally limited to the vagina. Considering the results 
of the aforementioned authors, we conclude that intra-
vaginal P4 inserts have no negative effect on P/AI. In 
our study, this local inflammation in the vagina was 
actually associated with greater P4 levels leading to 
greater P/AI.

The study was limited by the total number of cows 
enrolled, creating relatively small subgroups. The ben-
eficial effect of constantly high P4 levels during the fol-
licular growth phase, regarding pregnancy loss, remains 
hypothetical, as it was not the scope of the study to 
validate an effect of P4 on pregnancy loss.

CONCLUSIONS

A second treatment of dinoprost at d 8 of the Ovsynch 
protocol combined with a PRID increased overall P/
AI by 6.1 percentage-points. An increased dinoprost 
dose did not result in better fertility. Particularly, cows 
without a CL at G1 benefitted from a second treatment 
with dinoprost, whereas cows with a CL at G1 did not 

Hölper et al.: DOSE AND TIMING OF PROSTAGLANDIN F2α DURING OVSYNCH



766

Journal of Dairy Science Vol. 106 No. 1, 2023

show improved fertility. Two consecutive dinoprost 
treatments decreased P4 levels near TAI as well as dou-
bling the dose of dinoprost. Vaginal discharge score at 
d 8 of the protocol, after PRID removal, was associated 
with higher P4 concentrations at d 7 and greater P/AI.
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