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  ABSTRACT 

  The objectives of the current study were to evaluate 
the effects of supplemental progesterone after artificial 
insemination (AI) on expression of IFN-stimulated 
genes (ISG) in blood leukocytes and fertility in lactat-
ing dairy cows. Weekly cohorts of Holstein cows were 
blocked by parity (575 primiparous and 923 multipa-
rous) and method of insemination (timed AI or AI on 
estrus) and allocated randomly within each block to 
untreated controls, a controlled internal drug release 
(CIDR) containing 1.38 g of progesterone from d 4 to 
18 after AI (CIDR4), or a CIDR on d 4 and another 
on d 7 after AI and both removed on d 18 (CIDR4+7). 
Blood was sampled to quantify progesterone concentra-
tions in plasma and mRNA expression in leukocytes 
for the ubiquitin-like IFN-stimulated gene 15-kDa 
protein (ISG15) and receptor transporter protein-4 
(RTP4) genes. Pregnancy was diagnosed on d 34 ± 3 
and 62 ± 3 after AI. Treatment increased progesterone 
concentrations between d 5 and 18 after AI in a dose-
dependent manner (control = 3.42, CIDR4 = 4.97, and 
CIDR4+7 = 5.46 ng/mL). Cows supplemented with 
progesterone tended to have increased luteolysis by d 
19 after AI (control = 17.2; CIDR4 = 29.1; CIDR4+7 
= 30.2%), which resulted in a shorter AI interval for 
those reinseminated after study d 18. Pregnancy upreg-
ulated expression of ISG in leukocytes on d 19 of gesta-
tion, but supplementing progesterone did not increase 
mRNA abundance for ISG15 and RTP4 on d 16 after 
insemination and tended to reduce mRNA expression 
on d 19 after AI. For RTP4 on d 19, the negative effect 
of supplemental progesterone was observed only in the 
nonpregnant cows. No overall effect of treatment was 
observed on pregnancy per AI on d 62 after insemina-
tion and averaged 28.6, 32.7, and 29.5% for control, 
CIDR4, and CIDR4+7, respectively. Interestingly, an 
interaction between level of supplemental progesterone 

and method of AI was observed for pregnancy per AI. 
For cows receiving exogenous progesterone, the lower 
supplementation with CIDR4 increased pregnancy per 
AI on d 62 in cows inseminated following timed AI 
(CIDR4 = 39.2; CIDR4+7 = 27.5%); in those insemi-
nated following detection of estrus, however, the use 
of a second insert on d 7 resulted in greater pregnancy 
per AI (CIDR4 = 26.9; CIDR4+7 = 31.5%). Pregnancy 
loss did not differ among treatments. Supplemental 
progesterone post-AI using a single intravaginal insert 
on d 4 was beneficial to pregnancy in cows inseminated 
following timed AI, but incremental progesterone with 
a second insert on d 7 did not improve fertility of dairy 
cows. 
  Key words:    dairy cow ,  interferon-stimulated gene , 
 progesterone ,  reproduction 

  INTRODUCTION 

  Progesterone is pivotal for successful pregnancy in ru-
minants (Spencer et al., 2007), and lactating dairy cows 
are known to have reduced systemic concentrations of 
progesterone during diestrus compared with dairy heif-
ers (Sartori et al., 2004). It is thought that inadequate 
progesterone concentrations during early development 
of the conceptus might be one of the reasons for re-
duced fertility observed in high-producing dairy cows 
(Wiltbank et al., 2011), in part because catabolism of 
steroids increases with increased feed intake associated 
with high production (Parr et al., 1993; Wiltbank et 
al., 2011). In fact, supplemental progesterone after 
AI from an exogenous source (Stevenson et al., 2007; 
Wiltbank et al., 2011) resulted in small increases in 
pregnancy per AI (P/AI). Compared with untreated 
controls, beef heifers treated with exogenous proges-
terone starting on d 3 of the estrous cycle had a larger 
conceptus on d 17 (Carter et al., 2008, Clemente et al., 
2009). Supplementing progesterone post-AI increased 
concentrations of IFN-τ in the uterine lumen (Mann 
et al., 2006), which reflects the expanded elongation 
of the trophectoderm from the conceptus of cows with 
increased concentrations of progesterone (Mann et al., 
2006; Clemente et al., 2009). 
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Timed AI protocols result in variable sizes of ovula-
tory follicles in dairy cows (Souza et al., 2007; Santos et 
al., 2010). Induction of ovulation of small follicles results 
in reduced P/AI in beef (Perry et al., 2005) and dairy 
cows (Souza et al., 2007), and increased risk of preg-
nancy loss (Perry et al., 2005). Embryo quality in cows 
synchronized for timed AI is of equal or better qual-
ity than that of cows inseminated after detected estrus 
(Cerri et al., 2009b); however, cows subjected to timed 
AI protocols that are induced to ovulate small follicles 
have a small resulting corpus luteum (CL) with reduced 
ability to increase peripheral concentrations of proges-
terone (Vasconcelos et al., 2001), thereby potentially 
reducing P/AI (Parr et al., 2012). Therefore, benefits 
from progesterone supplementation might be greater in 
cows inseminated following timed AI programs.

Interferon-τ secreted by the trophectoderm of the 
conceptus is the main signal for pregnancy recognition, 
initiating the process to block the luteolytic cascade 
and preventing the demise of the CL (Meyer et al., 
1995). In the bovine conceptus, mRNA for IFN-τ is 
detected in trophoblast on d 12 of gestation, with peaks 
occurring between d 15 and 16 (Farin et al., 1990). 
Interferon gene mRNA expression in conceptuses is ac-
tivated with the developmental stage of the blastocyst, 
and progesterone plays a pivotal role in stimulating 
conceptus development in utero (Clemente et al., 2009). 
In general, it is thought that stimulation of embryo 
development by an early rise in progesterone should 
benefit fertility (Stronge et al., 2005; Parr et al., 2012), 
possibly because of advancing conceptus development. 
Nevertheless, fertility responses to exogenous proges-
terone seem to be greater when supplementation occurs 
before (Bisinotto et al., 2013) rather than after (Ste-
venson et al., 2007) AI. In most studies with post-AI 
progesterone supplementation to lactating dairy cows, 
no apparent attempt was made to mimic the normal 
rise in progesterone observed in heifers, which is greater 
and faster than that of cows (Sartori et al., 2004). An 
exception is the recent work by Nascimento et al. (2013), 
in which lactating dairy cows receiving and injection of 
3,300 IU of human chorionic gonadotropin (hCG) on 
d 5, concurrent with insertion of a controlled internal 
drug release containing progesterone, had progesterone 
profiles during diestrus similar to those of dairy heifers. 
The authors speculated that such manipulation mim-
icking the progesterone concentrations in heifers might 
benefit fertility of lactating dairy cows. Therefore, it is 
possible that the limited benefit to post-AI progester-
one supplementation on pregnancy might be the result 
of insufficient supplementation or inability to mimic 
the continuous rise and incremental difference during 
diestrus between groups known to have low fertility 
(lactating cows) and those of high fertility (heifers).

Interferon-τ binds type I IFN receptor (Roberts et 
al., 1999), which leads to downregulation of oxytocin 
receptor expression on superficial glandular and lumi-
nal epithelia in sheep (Roberts et al., 1999; Spencer et 
al., 2007), and this mechanism is thought to be similar 
among all domestic ruminants. The downregulation of 
oxytocin receptors ultimately inhibits pulsatile release 
of PGF2α responsible for the demise of the CL (Meyer 
et al., 1995; Spencer et al., 2007). Production of IFN-τ 
by the conceptus induces IFN-stimulated genes (ISG) 
in the endometrium, such as myxovirus (influenza 
virus) resistance 1 (Mx1) and receptor transporter 
protein 4 (RTP4; Hicks et al., 2003; Gifford et al., 
2008). Blood leukocytes harvested on d 16 or 19 after 
AI had increased expression of the ISG ubiquitin-like 
IFN-stimulated gene 15-kDa protein (IGS15), Mx1, 
Mx2, and RTP4 (Gifford et al., 2007; Ribeiro et al., 
2014), and leukocyte mRNA for ISG was correlated 
with the amount of IFN-τ in the uterus (Matsuyama 
et al., 2012). Interestingly, stimulation of conceptus de-
velopment during pre- and peri-implantation resulted 
in increased expression of ISG in blood leukocytes and 
increased P/AI in lactating dairy cows (Ribeiro et al., 
2014).

The main hypothesis of the present study was that 
supplemental progesterone starting during metestrus 
would improve P/AI in dairy cows, particularly in those 
synchronized for timed AI. It was thought that supple-
mental progesterone would increase concentrations of 
progesterone in plasma in a dose-dependent manner, 
which would stimulate mRNA abundance for ISG in 
peripheral blood leukocytes, as a measure of improved 
embryonic-maternal crosstalk, thereby supporting im-
proved pregnancy. Therefore, the main objective of the 
present study was to investigate the effects of supple-
mental progesterone starting during metestrus on P/AI 
when cows are inseminated following detected estrus 
or timed AI. Additional objectives were to characterize 
concentrations of progesterone in plasma, luteal lifes-
pan, and abundance of mRNA for ISG in leukocytes in 
lactating dairy cows supplemented with progesterone.

MATERIALS AND METHODS

All procedures involving animals in this study were 
approved by the University of Florida Non-Regulatory 
Animal Research Committee.

Cows, Housing, and Diets

Our study was conducted on a dairy farm in central 
Florida milking 5,400 cows with a yearly rolling herd 
average milk yield of 10,700 kg during the study period. 
Weekly cohorts of cows were enrolled during 7 consecu-
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tive weeks and all inseminations were performed from 
March 25 to May 9, 2013. Primiparous (n = 575) and 
multiparous (n = 923) cows were housed separately in 
freestall barns equipped with sprinklers and fans. Cows 
received the same TMR to meet or exceed the nutrient 
requirements for a lactating Holstein cow producing 45 
kg of milk/d with 3.5% fat and 3.1% true protein when 
DM intake was 24 kg/d (NRC, 2001). Diet consisted of 
rye grass silage, corn silage, corn earlage, ground corn, 
citrus pulp, solvent-extracted soybean meal, expeller 
soybean meal, corn gluten feed, molasses, minerals, and 
vitamins. Cows were fed twice and milked thrice daily.

Sample Size and Experimental Design

The sample size was calculated using the Minitab 
statistical software (version 16.2.4; Minitab Inc., 
State College, PA) using a one-sided test to provide 
sufficient experimental units to detect statistical sig-
nificance (α = 0.05; β = 0.20) when P/AI increased 6 
percentage units (e.g., 30 vs. 36%) with supplemental 
progesterone. Approximately 488 cows per treatment 
were deemed necessary, for a total of 1,464. Because 
of potential attrition during the study, a total of 1,498 
were randomly assigned to treatments in a randomized 
complete block design. Two blocking criteria were used 
before randomization to treatments, method of AI (as 
detected estrus or timed AI) and parity (as primipa-
rous or multiparous). Four randomization forms were 
pre-prepared, one for each combination of blocks: pri-
miparous inseminated at detected estrus, primiparous 
inseminated at a fixed time, multiparous inseminated 
at detected estrus, and multiparous inseminated at a 
fixed time. Within each form, treatments were random-
ized within a block containing 3 cows such that each 
block had each of the 3 treatments represented. Cows 
were enrolled in sequence of availability as they were 
found in the farm on d 4 after AI in 1 of the 4 forms 
according to the blocking criteria, and day of insemina-
tion was considered study d 0.

Treatments and Reproductive Program

Treatments were no supplemental progesterone (con-
trol; n = 499); a single controlled internal drug release 
(CIDR; Eazi-Breed CIDR Cattle Insert, Zoetis, Madi-
son, NJ) insert containing 1.38 g of progesterone admin-
istered on d 4 (CIDR4; n = 504) after AI and retained 
until d 18 after AI; or 2 CIDR, with one administered 
on d 4 and another on d 7 after AI (CIDR4+7; n = 
495) and both retained until d 18 after AI (Figure 1).

At first AI, all cows underwent a presynchronization 
program receiving 2 treatments of 25 mg of PGF2α 
each (5 mL of Lutalyse sterile solution, 5 mg/mL of 

dinoprost as tromethamine salt; Zoetis) on d 43 ± 3 
and 57 ± 3 postpartum. After the second PGF2α, cows 
were eligible to be inseminated if detected in estrus. 
Cows not identified in estrus by d 69 ± 3 postpartum 
were enrolled in a 5-d timed AI protocol [d 69 GnRH 
(2 mL of Cystorelin; gonadorelin diacetate tetrahydrate 
equivalent to 43 μg of gonadorelin/mL; Merial Ltd., 
Duluth, GA), d 74 and 75 PGF2α, d 77 GnRH and timed 
AI]. All cows not returning to estrus spontaneously re-
ceived in advance an injection of GnRH injection for 
pre-enrollment for resynchronization on d 29 ± 3 after 
AI. Cows diagnosed nonpregnant on d 34 ± 3 after AI 
resumed the 5-d timed AI protocol, and timed AI was 
performed on d 37 ± 3 d after the previous insemina-
tion. Throughout the study, after 57 DIM, cows had 
their tailheads painted using paintsticks (All-Weather 
Paintstik; LA-CO Industries Inc., Chicago, IL), and 
detection of estrus was evaluated daily, in the morning, 
based on removal of the tail paint. Cows identified in 
estrus were inseminated on the same morning.

Blood Sampling and Analysis  
of Progesterone in Plasma

Blood was sampled from a subset of 20 randomly 
selected blocks of cows (60 cows), 20 controls, 20 
CIDR4, and 20 CIDR4+7 on study d 4, immediately 
before progesterone administration, and then again in 
the mornings of d 5, 7 (immediately before placement 
of the second progesterone insert in CIDR4+7), 8, 11, 
14, 16, 18, and 19. A second subset of 60 randomly 
selected blocks of cows were also sampled, 60 controls, 
60 CIDR4, and 60 CIDR4+7, on study d 8, 16, and 19.

Blood was sampled by puncture of the coccygeal vein 
or artery into evacuated tubes containing K2 EDTA 
(Vacutainer, Becton Dickinson, Franklin Lakes, NJ). 
Immediately upon collection, tubes with blood were 
placed in ice and kept refrigerated until transported to 
the laboratory within 4 to 5 h for processing. Blood 
tubes were centrifuged at 1,500 × g for 15 min at 4°C 
for plasma separation. Aliquots of plasma were frozen 
at −20°C until assayed. Concentrations of progesterone 
were analyzed in plasma by RIA using a commercial 
kit (Coat-a-Count, Siemens Healthcare Diagnostics, Los 
Angeles, CA). Three assays were performed and the 
sensitivity of assays 1, 2, and 3 were at least 0.05 ng/
mL when calculated as 2 SD below the mean counts 
per minute at maximum binding. Samples with low and 
moderate concentrations of progesterone, 1.3 and 4.0 
ng/mL, respectively, were incorporated into each assay 
multiple times for quality control and for calculation of 
intra- and interassay CV. The intraassay CV for the low 
and moderate progesterone samples were, respectively, 
8.3 and 3.5% in assay 1, 4.7 and 5.1% in assay 2, and 
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3.7 and 4.0% in assay 3. The interassay CV for the low 
and moderate samples were 1.1 and 1.4%, respectively.

Leukocyte Isolation and mRNA Extraction

Blood sampled on d 16 and 19 from 58 blocks of cows 
from which progesterone concentrations were measured 
were also used for leukocyte isolation as described by 
Ribeiro et al. (2014). The pellets of isolated leukocytes 
were suspended with 0.8 mL of Trizol (Molecular 
Research Center Inc., Cincinnati, OH), transferred to 
microcentrifuge tubes and stored at −80°C until RNA 
extraction.

On the day of RNA extraction, samples were removed 
from the −80°C freezer and 200 μL of chloroform were 
added for each 1 mL of solution to reach a final con-
centration of 20%. The microcentrifuge tubes were ho-
mogenized vigorously by hand for 15 s and incubated 
at room temperature for 3 min. Tubes were centrifuged 
at 12,000 × g for 15 min at 4°C for removal of the 
upper aqueous solution containing RNA. Subsequent 
RNA extraction was performed using a commercial kit 
(Purelink RNA Mini Kit, Cat. No. 12183018A, Life 
Technologies, Carlsbad, CA) according to the manufac-
turer’s instructions.

Real-Time qPCR

Isolated RNA was evaluated for concentration and 
purity using a NanoDrop 2000 spectrophotometer 

(Thermo Scientific, Rockford, IL). Subsequently, the 
samples were incubated with DNAase (DNAase I, Cat. 
No.M0303, New England BioLabs Inc., Ipswich, MA) 
for 30 min at 37°C to remove genomic DNA then heat-
denatured at 75°C for 15 min. A total of 250 ng of RNA 
was reverse transcribed to cDNA using a commercial 
kit (High-capacity cDNA Reverse Transcription Kit, 
Cat. No. 4368813, Applied Biosystems, Foster City, 
CA) following manufacturer’s instructions. Real-time 
quantitative PCR was performed using SYBR Green 
PCR Master Mix (Cat. No. 4385614, Applied Biosys-
tems) and the ABI 7300 Real Time PCR System (Ap-
plied Biosystems). After an initial activation at 60°C 
for 2 min followed by denaturation at 95°C for 10 min, 
the amplification protocol followed 40 cycles of 95°C 
for 15 s and 60°C for 1 min. Each sample was evalu-
ated in triplicate, and the specificity for amplification 
was verified by melting curve analysis. Four genes were 
investigated (Table 1), including the 2 reference genes, 
β-actin (ACTB) and ribosomal protein L19 (RPL19), 
and 2 target genes, ISG15 and RTP4.

Pregnancy Diagnosis and Calculation  
of Reproductive Responses

Pregnancy was diagnosed by transrectal ultrasonog-
raphy on d 34 ± 3 after AI. The presence of an amni-
otic vesicle containing an embryo with a heartbeat was 
used as determinant of pregnancy. Pregnant cows on d 

Figure 1. Diagram of activities for the study. Study d 0 is the day of insemination. Control = cows received no supplemental progesterone 
(n = 492); CIDR4 = cows received a controlled internal drug-release (CIDR) insert containing progesterone from d 4 to 18 (n = 492); CIDR4+7 
= cows received a CIDR insert containing progesterone on d 4 and another on d 7, and they were both removed on d 18 (n = 484). BS = blood 
sampled from a subset of 80 blocks of cows (n = 240) and analyzed for progesterone concentrations on d 8, 16, and 19, and leukocytes isolated 
and mRNA quantified for IFN-stimulated genes on d 16 and 19. Another subset of 20 blocks of cows (n = 60) had blood sampled from d 4 to 
19. PD = pregnancy diagnosis.
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34 were reexamined for pregnancy by transrectal palpa-
tion 4 wk later, on d 62 ± 3 of gestation. Pregnancy 
per AI was calculated by dividing the number of cows 
diagnosed as pregnant at 34 ± 3 or 62 ± 3 d after AI 
by the number of cows receiving AI. Pregnancy loss was 
calculated as the number of cows that lost a pregnancy 
between d 34 ± 3 and 62 ± 3 after AI divided by the 
number of cows diagnosed pregnant on d 34 ± 3 after 
AI. Cows detected in estrus before pregnancy diagnosis 
were reinseminated and considered as nonpregnant.

BCS and Milk Yield

The body condition of all cows was scored on study d 
4 according to Ferguson et al. (1994) using the Elanco 
BCS chart (Elanco Animal Health, 2009). For statisti-
cal analysis, BCS was categorized as low when BCS 
≤2.75 or moderate when BCS ≥3.00. Yields of milk 
were recorded for individual cows once monthly using 
on-farm milk meters (Tru-Test Ltd., Manukau, New 
Zealand). The production on the month of insemina-
tion was categorized as above or below the mean milk 
yield within primiparous and multiparous cows in the 
study and were included in the statistical models for 
data analyses.

Statistical Analysis

Categorical data were analyzed by logistic regres-
sion using the GLIMMIX procedure of SAS version 9.3 
(SAS/STAT, SAS Institute Inc., Cary, NC) fitting a bi-
nary distribution. The models included the fixed effects 
of treatment, parity, type of AI, BCS category, number 
of AI (first AI vs. resynchronized AI), categorized milk 
yield within parity in the month of AI as above or 
below the mean value, the interactions between treat-
ment and parity, treatment and type of AI, and treat-
ment and number of AI, as well as the random effect 
of block. For P/AI and pregnancy loss, the fixed effects 
of sire and technician were also included in the models. 
The Kenward-Roger method was used to calculate the 
denominator degrees of freedom to approximate the F 

tests in the mixed models. Model fitting was evaluated 
using the fit statistics. The estimates were back-trans-
formed using the ILINK function of SAS to generate 
the adjusted proportions. An additional analysis of 
pregnancy on d 34 was performed in the 240 cows with 
progesterone concentrations on d 8 after AI to model 
the effect of progesterone concentration on P/AI. The 
model included the fixed effects of treatment, proges-
terone concentration on d 8 as a linear or quadratic 
term, and the random effect of block. The logistic func-
tion was used to model the probability of pregnancy as 
a function of progesterone concentration.

Continuous data with repeated measures over time 
were analyzed using the GLIMMIX procedure of SAS 
with models fitting a Gaussian distribution. Data were 
tested for normality of residuals, and data with residu-
als not normally distributed were transformed before 
analysis. The models included the fixed effects of treat-
ment, day of measurement, parity, type of AI, interac-
tions between treatment and day, treatment and parity, 
treatment and type of AI, and treatment and number 
of AI, as well as the random effects of cows nested 
within treatment and block. The effect of pregnancy 
on d 34 and the interaction between treatment and 
pregnancy on d 34 were also included for the analysis 
of progesterone concentrations in plasma. When the F-
test for an interaction was significant, means were then 
partitioned using the SLICE command in SAS. The co-
variance structure that resulted in the smallest Akaike’s 
information criterion was selected for the model. When 
time intervals between measurements were unequal, 
then the spatial power covariance structure was used. 
Model fitting was evaluated using the fit statistics.

Quantitative PCR data are presented using the 
comparative method developed by Livak and Schmitt-
gen (2001) using nonpregnant cows from the control 
group as the reference for relative expression of mRNA 
abundance, which was set to the relative value of 1. 
The delta cycle threshold (ΔCT) values for each target 
gene were obtained after normalization of CT value of 
the gene with the geometric mean of CT values from 
the 2 reference genes according to Vandesompele et al. 

Table 1. Gene, primer orientation, primer sequence (5  to 3 ), and National Center for Biotechnology 
Information (NCBI) accession number and sequence for primers used in real-time quantitative PCR assays 

Gene Primer Sequence (5  to 3 ) NCBI sequence

ACTB Forward CTGGACTTCGAGCAGGAGAT AY141970
 Reverse GATGTCGACGTCACACTTC  
ISG15 Forward GGTATCCGAGCTGAAGCAGTT NM_174366
 Reverse ACCTCCCTGCTGTCAAGGT  
RPL19 Forward ATTGACCGCCACATGTATCA NM_001040516
 Reverse GCGTGCTTCCTTGGTCTTAG  
RTP4 Forward TTCTCCCCAGAAAGCAGCAA BC105539
 Reverse TTCACAGTTGGCCTTGTCATG  



4912 MONTEIRO ET AL.

Journal of Dairy Science Vol. 97 No. 8, 2014

(2002). Data were analyzed using the ΔCT for d 16 or 
19 with the Mixed procedure of SAS fitting a model 
with the fixed effects of treatment, pregnancy on d 34, 
and the interaction between treatment and pregnancy 
on d 34 and the random effect of block. The ΔΔCT 
were obtained from ΔCT LSM differences of pairwise 
comparisons among treatments and the reference 
group control nonpregnant cows (Yuan et al., 2006). 
The relative expression values were obtained by raising 
the PCR amplification efficiency (E = 2) to the power 
ΔΔCT (Yuan et al., 2006). Confidence limits for graphi-
cal representation of relative expression were generated 
from the lower and upper CI obtained for ΔCT LSM 
differences as described by Yuan et al. (2006).

Orthogonal comparisons were used to determine the 
effects of supplementing progesterone with CIDR (con-
trol vs. CIDR4 + CIDR4+7) and the effects of amount 
of progesterone supplemented (CIDR4 vs. CIDR4+7). 
Contrasts for the interactions between type of AI and 
supplemental progesterone or the amount of supple-
mental progesterone were also tested. Differences with 
P ≤ 0.05 were considered significant and those with 
0.05 < P ≤ 0.10 were considered tendencies.

RESULTS

Of the 504 CIDR4 cows, 19 lost the insert before d 
18 of the study (3.8%). Of the 495 CIDR4+7 cows, 28 
lost at least 1 insert (5.6%), of which 20 lost a single 
insert (4.0%) and 8 lost both inserts (1.6%) before d 
18. Twelve of the 1,498 initially enrolled cows were 
excluded from the data analyses (4 control, 4 CIDR4, 
4 CIDR4+7) because of errors during treatment ad-
ministration or because they received another AI on 
study d 4, concurrent with treatment administration. 
Another 18 cows were excluded from the analysis of 
P/AI because they either died or were sold before the 
day of pregnancy diagnosis. Therefore, of the initial 
1,498 cows, 1,468 were used for statistical analyses of 
the data.

Milk yield on the month of enrollment did not differ 
(P = 0.47) among treatments and averaged 38.3 ± 0.5, 
39.0 ± 0.5, and 38.2 ± 0.5 kg/d for control, CIDR4, 
and CIDR4+7, respectively. Multiparous cows had 
greater (P < 0.01) milk production than primiparous 
cows (41.9 ± 0.4 vs. 35.1 ± 0.5 kg/d). No difference in 
milk yield was observed for cows inseminated in estrus 
or timed AI and averaged 38.5 kg/d. The DIM at AI for 
all cows in the study did not differ (P = 0.66) among 
treatments and averaged 114.7 ± 2.1, 114.9 ± 2.1, 
and 117.0 ± 2.1 for control, CIDR4, and CIDR4+7, 
respectively. The proportions of control, CIDR4, and 
CIDR4+7 cows receiving first and resynchronized AI, 
respectively, were 32.5 and 67.5, 35.5 and 64.5, and 34.7 

and 65.4%. The mean and median numbers of AI for 
cows enrolled in the study were 2.7 ± 0.1 and 2.0, and 
both did not differ among treatments. The median BCS 
of cows in the study was less (P = 0.04) for control than 
CIDR4 and CIDR4+7 (2.75 vs. 3.00 vs. 3.00). Because 
of this difference in median BCS, a tendency (P = 0.08) 
was observed for more control cows to have BCS <3.00 
compared with cows receiving CIDR4 and CIDR4+7 
(50.7 vs. 43.9 vs. 46.8%).

Concentrations of Progesterone  
and Luteolysis by d 19

Mean concentrations of progesterone in the 20 blocks 
of cows sampled throughout the treatment period in-
creased (P < 0.02) with supplemental progesterone, 
but only a numerical increase was observed between 
means for the CIDR4 and CIDR4+7 (Figure 2). As 
anticipated, concentrations of progesterone did not dif-
fer among treatments on d 4. Inclusion of a CIDR in 
CIDR4 and CIDR4+7 on d 4 after AI increased con-
centrations of progesterone by approximately 2.2 ng/
mL on d 5, 1 d after treatment. The inclusion of a 
second progesterone insert in CIDR4+7 on d 7 resulted 
in an additional increment in progesterone concentra-
tions of approximately 1.2 ng/mL on d 8 compared 
with CIDR4. Concentrations of progesterone increased 
(P < 0.001) per day after AI until it reached a peak 
on d 16, after which it slightly declined, particularly 
in the progesterone-supplemented cows. No difference 
in progesterone concentrations was observed among 
treatments after d 16 of the study. Milk yield or BCS 
were not associated with concentrations of progesterone 
between d 5 and 18 after AI.

From the subset of 240 cows sampled for blood on 
d 8, 16, and 19, effects of treatment (P = 0.002), day 
(P < 0.001), interaction between treatment and day (P 
< 0.001), and pregnancy (P < 0.001) were observed 
for concentrations progesterone (Figure 3). For cows 
eventually diagnosed pregnant on d 34 (Figure 3A), 
concentrations in plasma increased (P < 0.05) with sup-
plemental progesterone and with level of supplemental 
progesterone on d 8 and 16 of gestation. By d 19, after 
removal of the CIDR, no differences in progesterone 
concentrations were observed according to treatments. 
However, for cows eventually diagnosed as nonpregnant 
on d 34 (Figure 3B), concentrations in plasma increased 
(P < 0.05) with level of supplemental progesterone and 
with supplemental progesterone only on d 8 after AI. 
On d 19, after removal of the intravaginal inserts, con-
centrations of progesterone were less for cows receiving 
CIDR4 and CIDR4+7 compared with controls. Milk 
yield or BCS were not associated with concentrations of 
progesterone on d 8, 16, or 19 after AI.
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Supplementing progesterone tended (P = 0.07) to 
increase the incidence of luteolysis on d 19 after AI 
(Table 2). In fact, from all nonpregnant cows on d 34, 
a greater (P = 0.01) proportion of progesterone-supple-
mented cows had undergone luteolysis by d 19. Level of 
progesterone supplementation did not affect the risk of 
luteolysis by d 19 after AI. Method of AI or interaction 
between treatment and method of AI did not influence 
the risk of luteal regression by d 19 (Table 3).

IFN-Stimulated Genes Expression in Leukocytes

One CIDR4+7 cow was removed from the analyses 
of mRNA abundance for ISG in leukocytes because of 
incorrect administration of treatment. Of the 173 re-
maining cows, the number of nonpregnant and pregnant 
cows on d 34 were, respectively, 36 and 22 for controls, 
19 and 39 for CIDR4, and 36 and 21 for CIDR4+7.

On d 16 after AI, mRNA abundance for ISG15 was 
not influenced by supplemental progesterone (P = 
0.68), level of progesterone supplementation (P = 0.29), 
pregnancy status on d 34 (P = 0.41), or interactions 
between progesterone treatments and pregnancy status 
(Figure 4A). On the same day, mRNA abundance for 
RTP4 was not influenced by supplemental progesterone 

(P = 0.17) or level of progesterone supplementation (P 
= 0.66), but it tended to be less (P = 0.06) for preg-
nant than nonpregnant cows (Figure 4B). No interac-
tion was observed between progesterone and pregnancy 
(P = 0.45) or level of progesterone supplementation 
and pregnancy (P = 0.54).

On d 19 after AI, mRNA abundance for ISG15 
tended (P = 0.10) to be less for cows supplemented 
with progesterone than controls, but no difference was 
observed with level of supplemental progesterone (P = 
0.98; Figure 4C). Pregnant cows on d 34 had greater 
(P < 0.001) mRNA abundance for ISG15 than non-
pregnant cows. No interaction was observed between 
progesterone supplementation and pregnancy status on 
d 34 (P = 0.43) or level of progesterone supplemen-
tation and pregnancy (P = 0.43). On the same day, 
mRNA abundance for RTP4 increased (P < 0.001) in 
pregnant cows, and it was affected by an interaction 
(P < 0.02) between progesterone supplementation and 
pregnancy status on d 34 (Figure 4D). In pregnant 
cows, RTP4 mRNA expression was not influenced (P 
= 0.81) by progesterone supplementation; however, in 
nonpregnant cows, supplementation with progesterone 
reduced (P < 0.01) RTP4 gene expression. Level of 
progesterone supplementation (P = 0.78) or interaction 

Figure 2. Concentrations of progesterone in plasma according to day after AI. Control = cows received no supplemental progesterone (n 
= 20); CIDR4 = cows received a controlled internal drug-release (CIDR) insert containing progesterone from d 4 to 18 (n = 20); CIDR4+7 = 
cows received a CIDR insert containing progesterone on d 4 and another on d 7, and they were both removed on d 18 (n = 19). From d 5 to 18, 
concentrations averaged 3.42 ± 0.59, 4.97 ± 0.53, and 5.46 ± 0.64 ng/mL for control, CIDR4, and CIDR4+7, respectively. We observed effects of 
treatment (P = 0.05), day (P < 0.001), and interaction between treatment and day (P < 0.01); orthogonal comparisons were used for the effect 
of supplementing progesterone (P = 0.02) and of level of progesterone supplementation (P = 0.56). Within a day, an asterisk (*) represents an 
effect of supplemental progesterone (P < 0.05).
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between level of progesterone and pregnancy status 
(P = 0.70) did not influence RTP4 gene expression in 
leukocytes on d 19.

Reinsemination in Estrus, P/AI, and Pregnancy Loss

The proportion of cows reinseminated on estrus 
before pregnancy diagnosis on d 34 was not affected 
by supplemental progesterone, but it was greater (P 
= 0.04) for CIDR4+7 than CIDR4 (Table 2). When 
all nonpregnant cows were considered, including those 
reinseminated on or before d 18, then the interval be-
tween pre- and postenrollment AI tended (P = 0.06) 
to be longer for cows supplemented with progesterone, 
but no effect of level of progesterone supplementation 
was observed. With the exception of 3 cows in CIDR4 
that returned to estrus on or before d 18, the CIDR, 
as expected, prevented cows from returning to estrus 
until the removal of the inserts (Figure 5). One cow 
in CIDR4 lost the CIDR and returned to estrus on d 
15, whereas the other 2 had the CIDR when detected 
in estrus, 1 on d 13 and another on d 18. Interestingly, 
when only cows inseminated after d 18 were considered, 
which coincided with the removal of the intravaginal 
inserts in CIDR4 and CIDR4+7, the interval between 
AI was longer (P = 0.02) for control cows than for cows 
supplemented with progesterone.

Pregnancy per AI on d 34 and 62 after insemination 
did not differ with supplemental progesterone or level 
of supplementation (Table 2). However, an interaction 
(P < 0.02) between level of supplemental progester-
one and method of AI was observed for P/AI on d 
34 and 62 (Table 3). For cows inseminated following 
detection of estrus, P/AI increased with administration 
of 2 intravaginal inserts in CIDR4+7 compared with 
CIDR4; however, for those inseminated following timed 
AI, administering a single insert with CIDR4 increased 
P/AI. For cows inseminated following timed AI, treat-
ment with a single progesterone insert improved P/AI 
compared with control or CIDR4+7 (Table 3). When 
data were analyzed with the 240 cows in which plasma 
was quantified for concentrations of progesterone on 
d 8 after AI, a quadratic relationship (P = 0.08) was 
observed between progesterone concentration and the 
probability of pregnancy on d 34. The same analysis 
was performed separately for cows inseminated after 
detected estrus or following timed AI (Figure 6). For 
cows inseminated at detected estrus, the relationship 
was quadratic (P = 0.09); however, for cows receiving 
timed AI the same relationship was linear (P < 0.001). 
Milk yield or BCS were not associated with P/AI on d 
34 or 62 after insemination.

Pregnancy loss between d 34 and 62 of gestation 
was not influenced by supplemental progesterone or 

by the amount of progesterone supplemented to cows 
(Table 2). Similarly, no interaction was observed be-
tween method of AI and supplemental progesterone or 
amount of progesterone supplemented for pregnancy 
loss (Table 3). Cows inseminated following detection of 

Figure 3. Concentrations of progesterone in plasma of pregnant 
(A) and nonpregnant (B) cows used for leukocyte isolation and mRNA 
for IFN-stimulated gene expression (n = 240). Control = cows received 
no supplemental progesterone (n = 80); CIDR4 = cows received a 
controlled internal drug-release (CIDR) insert containing progesterone 
from d 4 to 18 (n = 80); CIDR4+7 = cows received a CIDR insert 
containing progesterone on d 4 and another on d 7, and they were 
both removed on d 18 (n = 80). We observed effects of treatment (P 
= 0.002), day after AI (P < 0.001), interaction between treatment and 
day (P = 0.001), and pregnancy (P < 0.001); orthogonal comparisons 
were used for the effects of supplementing progesterone (P = 0.02) 
and amount of progesterone supplemented (P < 0.01). Within a day, 
pairwise differences (P < 0.05) are represented as an asterisk (*) for 
effect of progesterone supplementation and a symbol (§) for effect of 
level of progesterone supplementation.
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estrus tended (P = 0.10) to have increased pregnancy 
loss compared with those inseminated following timed 
AI (10.0 vs. 5.7%). Milk yield or BCS were not associ-
ated with pregnancy loss between gestation d 34 and 
62.

DISCUSSION

The main hypothesis of the present study was that a 
progesterone rise after insemination was an important 
limiting factor for pregnancy in lactating dairy cows. 
Supplementing progesterone to mimic concentrations 
that are typically observed in dairy heifers, which were 
anticipated to lengthen exposure of the conceptus and 
endometrium to concentrations compatible with those 
observed during the luteal phase, would increase P/AI 
likely because of stimulation of embryo development. 
However, supplementing progesterone with intravaginal 
inserts, which are known to deliver approximately 90 
mg/d (Rathbone et al., 2002) and increase concentra-
tions in plasma by approximately 1 ng/mL (Cerri et al., 
2009a), had minor effects on the fertility responses of 
lactating dairy cows.

An additional hypothesis was that the beneficial ef-
fects of supplementing progesterone on fertility would 
be exacerbated in cows inseminated following timed 
AI. Although properly implemented timed AI protocols 
result in good to excellent embryo quality (Cerri et al., 
2009b), synchronizing ovulation also results in variable 

size ovulatory follicles (Souza et al., 2007; Santos et al., 
2010), and inducing ovulation of small follicles reduces 
concentrations of progesterone during the subsequent 
diestrus (Vasconcelos et al., 2001) and P/AI (Perry et 
al., 2005; Souza et al., 2007). No interaction between 
supplemental progesterone and method of AI was ob-
served, indicating that exogenous progesterone, as in 
CIDR4 and CIDR4+7, did not have a differential ef-
fect on pregnancy in cows inseminated either on estrus 
or following timed AI; however, the single insert on d 
4 benefited pregnancy in cows inseminated following 
timed AI. In fact, when only supplemented cows were 
considered, an interaction between level of progester-
one supplementation and method of AI was observed. 
Within estrus-detected cows, addition of a second pro-
gesterone insert with CIDR4+7 numerically increased 
P/AI, but for timed AI cows the single insert in CIDR4 
resulted in greater P/AI than using 2 sequential inserts 
in CIDR4+7. Perhaps cows inseminated on detected 
estrus had less incidence of multiple ovulation and had 
some benefit from increased progesterone supplementa-
tion. Conversely, 25 to 30% of the cows inseminated 
following timed AI developed the ovulatory follicle un-
der low concentrations of progesterone (Bisinotto et al., 
2013), which resulted in more multiple ovulations and, 
perhaps, less need for larger amounts of supplemental 
progesterone. Cows inseminated following timed AI or 
after detected estrus have many distinct physiological 
differences, including expression of estrus and size of 

Table 2. Effect of the supplemental progesterone (P4) after AI on fertility responses in lactating dairy cows 

Item

Treatment1 P-value2

Control CIDR4 CIDR4+7 TRT P4 Level P4

Luteolysis by d 19,3 %       
 All cows 17.2 (11/71) 29.1 (21/78) 30.2 (28/79) 0.23 0.09 0.91
 Nonpregnant cows 23.7 (11/49) 62.5 (21/39) 45.2 (28/58) 0.01 <0.01 0.21
Reinsemination in estrus       
 Reinseminated,4 % 59.1 (195/335) 54.6 (170/319) 63.0 (197/321) 0.13 0.94 0.04
 Day of reinsemination, all days5 21.9 ± 0.34 22.4 ± 0.36 22.9 ± 0.33 0.10 0.06 0.37
 Day of reinsemination, after d 186 23.6 ± 0.29 22.8 ± 0.29 22.9 ± 0.26 0.06 0.02 0.94
Pregnant, %       
 d 34 30.8 (154/492) 35.2 (172/492) 33.2 (161/484) 0.40 0.23 0.55
 d 62 28.6 (142/492) 32.7 (161/492) 29.5 (145/484) 0.39 0.37 0.31
Pregnancy loss,7 % 6.5 (12/154) 6.4 (11/172) 10.2 (16/161) 0.41 0.58 0.25
1Control = cows received no supplemental progesterone; CIDR4 = cows received a controlled internal drug-release (CIDR) insert containing 
progesterone from d 4 to 18; CIDR4+7 = cows received a CIDR insert containing progesterone on d 4 and another on d 7 and they were both 
removed on d 18; presented as adjusted proportions (n/n) or LSM (±SEM).
2TRT = effect of treatment; P4 = orthogonal comparison for the effect of supplemental progesterone (control vs. CIDR4 + CIDR4+7); Level 
P4 = orthogonal comparison for level of supplemental progesterone (CIDR4 vs. CIDR4+7).
3The proportion of cows sampled for blood on d 19 that had progesterone <1 ng/mL.
4The proportion of nonpregnant cows reinseminated by AI after detected estrus before pregnancy diagnosis at 34 ± 3 d after AI.
5Interval between AI on study d 0 and reinsemination of cows detected in estrus any day before pregnancy diagnosis on d 34.
6Interval between AI on study d 0 and reinsemination of cows detected in estrus after d 18, when CIDR were removed, and before pregnancy 
diagnosis on d 34.
7Pregnancy loss between 34 and 62 d of gestation.
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the ovulatory follicle, and it is possible that they are 
differentially responsive to the 2 methods of proges-
terone supplementation used in the current study. In 
general, increments in progesterone concentrations in 
early diestrus are linked with improved P/AI (Stronge 
et al., 2005; Parr et al., 2012). In the current study, 
when all cows were analyzed together, a quadratic asso-
ciation between progesterone on d 8 and pregnancy was 
observed, as suggested by others in dairy heifers (Parr 
et al., 2012). Nonetheless, the relationship between 
progesterone and pregnancy differed slightly when 
data from cows inseminated on estrus were analyzed 
separately from those of cows subjected to fixed time 
AI. For cows inseminated following estrus, a positive 
quadratic relationship was observed, indicating that P/
AI increased as progesterone increased, but the benefit 
declined as concentrations became very high. Con-
versely, for timed AI cows the relationship was linear, 
indicating that the incremental benefits of increasing 
progesterone during diestrus to P/AI were similar at all 
ranges of progesterone concentrations observed.

The rationale for supplementing progesterone start-
ing on d 4 after AI was based on the results from 
Mann and Lamming (1999), who observed improved 
P/AI when supplementation was initiated during late 
metestrus or early diestrus, but not after d 6 post-AI. 
It is thought that lactation, with associated increases 
in DMI, enhances the catabolism of progesterone by 
the splanchnic tissues, primarily the liver (Parr et al. 
1993; Wiltbank et al., 2011). A reduction in proges-
terone could limit proper uterine priming and concep-
tus development (Carter et al., 2008; Clemente et al., 
2009), thereby reducing P/AI in dairy cows (Stronge 
et al., 2005; Parr et al., 2012). Dairy heifers, which 
are known to have high fertility, have a steeper rise in 
postovulation progesterone concentrations starting on 
d 4 after AI compared with lactating dairy cows (Sar-
tori et al., 2004), and the differences in concentrations 
are approximately 2 ng/mL starting on d 7 after AI. 
Nascimento et al. (2013) demonstrated that concurrent 
use of a CIDR and treatment with 3,300 IU of hCG on 
d 5 of the estrous cycle resulted in progesterone profiles 
in lactating dairy cows that were similar to those of 
dairy heifers; however, the same authors demonstrated 
that use of a single CIDR or only hCG on d 5 did not 
result in progesterone profiles in lactating dairy cows 
that mimic those of heifers. In the current study, addi-
tion of a single intravaginal insert in CIDR4 increased 
progesterone concentrations by approximately 1.5 ng/
mL between d 5 and 18 after AI, and the inclusion 
of a second insert on d 7 in CIDR4+7 resulted in an 
additional 0.5 ng/mL increment in progesterone con-
centration during the same period. When a larger num-
ber of cows was evaluated, but only on d 8 and 16 of T
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the study, then progesterone concentrations increased 
from 4.7 ng/mL in controls to 5.3 in CIDR4 and to 
6.5 ng/mL in CIDR4+7. Therefore, the increments in 
progesterone concentrations with addition of the CIDR 
were compatible with the findings of others in which 
each insert results in approximately 0.8 to 1.0 ng/mL 
additional progesterone in plasma (Cerri et al., 2009a; 
Bisinotto et al., 2013). Furthermore, the changes in the 
present study mimic increases in progesterone associ-
ated with higher fertility in heifers (Sartori et al., 2004).

Overall, P/AI did not differ between controls and 
cows supplemented with progesterone, despite the 
positive association between concentrations on d 8 and 
pregnancy on d 34. It was thought that supplement-
ing progesterone during metestrus and early diestrus 

would stimulate endometrial secretion of histotroph, 
as demonstrated by the advancement in global gene 
expression of endometrium in beef heifers (Forde et al., 
2009). Heifers receiving an intravaginal insert on d 3 
of the estrous cycle showed advancements in temporal 
changes in endometrial gene expression compared with 
heifers not supplemented with progesterone (Forde et 
al., 2009). Concentration of progesterone during early 
to mid-diestrus was associated with changes in endo-
metrial gland ducts (Wang et al., 2007), which likely 
increased the supply of nutrients for the developing 
conceptus and accommodated changes for subsequent 
placentation (Spencer et al., 2007). The changes in 
endometrial gene expression and consequent altera-
tions in glandular function and histotroph supply were 

Figure 4. Relative abundance and 95% CI of mRNA for IFN-stimulated genes (ISG) in leukocytes isolated from cows receiving no supple-
mental progesterone (control; 36 nonpregnant and 22 pregnant on d 34), a controlled internal drug-release (CIDR) insert containing progesterone 
from d 4 to 18 (CIDR4; 19 nonpregnant and 39 pregnant on d 34), or a CIDR insert containing progesterone on d 4 and another on d 7, with 
both removed on d 18 (CIDR4+7; 36 nonpregnant and 21 pregnant on d 34). Control nonpregnant cows were the reference group for depicting 
relative mRNA expression. (A) Interferon-stimulated gene 15-kDa protein expression on d 16 after AI; (B) receptor transporter protein-4 ex-
pression on d 16 after AI (effect of pregnancy: P = 0.06); (C) ISG15 expression on d 19 after AI (effect of supplemental progesterone: P = 0.10; 
effect of pregnancy: P < 0.001); (D) RTP4 expression on d 19 after AI (effect of supplemental progesterone: P < 0.10; effect of pregnancy: P < 
0.001; interaction between supplemental progesterone and pregnancy: P < 0.02).



4918 MONTEIRO ET AL.

Journal of Dairy Science Vol. 97 No. 8, 2014

thought to mediate the advancements in conceptus 
elongation and changes in embryonic gene expression 
when heifers had increased concentrations of proges-
terone (Carter et al., 2008, 2010). Despite the links 
between progesterone concentrations during early di-
estrus and fertility in dairy cows, as observed in the 

current study and demonstrated by others (Parr et al., 
2012), increasing concentrations by almost 2 ng/mL in 
CIDR4 and CIDR4+7 cows compared with controls did 
not result in increased P/AI or reduced pregnancy loss. 
Mann and Lamming (1999) reviewed the literature on 
progesterone supplementation after AI and observed 
an average of 5-percentage-unit increase in P/AI. The 
same authors indicated that most of the benefit of ex-
ogenous progesterone was detected when supplementa-
tion initiated before d 6 after AI (Mann and Lamming, 
1999). Interestingly, Stevenson et al. (2007) also dem-
onstrated an almost 5-percentage-unit increase, from 
28.3 to 32.7%, in P/AI in dairy cows when receiving 
supplemental progesterone though CIDR inserts; but, 
contrary to the findings of Mann and Lamming (1999), 
all the benefit occurred when the device was inserted 
after d 6. In the current study, stimulation of P/AI 
with exogenous progesterone was only observed when 
a single insert was administered on d 4 to cows insemi-
nated following timed AI.

In general, increasing progesterone concentrations 
early in the estrous cycle stimulates conceptus develop-
ment (Mann et al., 2006; Carter et al., 2008), which 
in turn results in increased concentrations of IFN-τ 
in the uterine lumen (Mann et al., 2006). Interferon-τ 
produced by the trophoblast cells of the conceptus has 
local effects on the endometrium, but also effects on 
cells in other tissues (Hicks et al., 2003; Ott and Gif-
ford, 2010). Interferon-τ exits the uterus and reaches 
the maternal circulation (Oliveira et al., 2008), which 
induces expression of genes in blood leukocytes (Gif-

Figure 5. Histogram of day of reinsemination on estrus for control 
(A; cows received no supplemental progesterone), CIDR4 [B; cows 
received a controlled internal drug-release (CIDR) insert containing 
progesterone from d 4 to 18], and CIDR4+7 treatment (C; cows re-
ceived a CIDR insert containing progesterone on d 4 and another on d 
7 and they were both removed on d 18).

Figure 6. Probability of pregnancy for cows inseminated follow-
ing detected estrus (n = 63) or after timed AI (n = 177) according to 
concentrations of progesterone in plasma on d 8 after insemination. 
For cows inseminated upon detected estrus, a quadratic relationship 
(P = 0.09) was observed between concentration of progesterone on d 8 
and pregnancy per AI. For cows inseminated following timed AI, the 
relationship was linear (P < 0.001).



Journal of Dairy Science Vol. 97 No. 8, 2014

PROGESTERONE AFTER ARTIFICIAL INSEMINATION 4919

ford et al., 2008; Oliveira et al., 2008). In fact, mRNA 
abundance for ISG in leukocytes parallels the concen-
trations of IFN-τ in utero (Matsuyama et al., 2012). 
On d 16, expression of ISG in leukocytes was small and 
indistinguishable between cows diagnosed nonpregnant 
and pregnant at d 34. This probably reflected the re-
duced concentrations of IFN-τ in utero at that stage of 
gestation in cows; however, by d 19, mRNA expression 
increased substantially in pregnant cows. Nevertheless, 
exogenous progesterone did not increase mRNA expres-
sion for ISG in leukocytes on d 16 and 19 after AI. 
The lack of a positive effect of treatment on ISG in 
leukocytes might be related to the increase in luteolysis 
by d 19 in cows that were later found to be nonpreg-
nant. Also, at approximately d 16 of gestation, uterine 
IFN-τ in bovine peaks and then declines (Farin et al., 
1990). It is possible that the advancements in patterns 
of endometrial gene expression observed with prolonged 
exposure to progesterone with supplementation (Forde 
et al., 2009) might have also advanced the reduction in 
mRNA expression of IFN-τ by conceptus trophoblast 
(Farin et al., 1990) and, therefore, induced an earlier 
decline in concentrations in utero.

Two concerns with supplementing progesterone dur-
ing metestrus are the potential interference with CL 
formation and function or advancement of the luteo-
lytic signals that might induce premature luteolysis. 
Based on concentrations of progesterone depicted in 
Figure 3A in pregnant cows on d 19, after treatments 
had ceased, it is plausible to suggest that CIDR4 and 
CIDR4+7 did not impair the ability of the CL to pro-
duce progesterone. Conversely, supplemental progester-
one starting during metestrus increased luteolysis on 
d 19 in nonpregnant cows, which resulted in reduced 
concentrations of progesterone. These responses in 
cows later observed to be nonpregnant are likely ex-
plained by the advancements in uterine gene expres-
sion observed with prolonged progesterone exposure, 
leading to premature occurrence of luteolysis (Lawson 
and Cahill, 1983). Treatment of ewes with progester-
one shortened the estrous cycle by approximately 4 d 
compared with untreated controls (Lawson and Cahill, 
1983), which may explain the reductions in pregnancy 
in heifers supplemented with progesterone within 2 d 
after AI (Van Cleeff et al., 1996). Prolonged exposure 
to progesterone with supplementation in early diestrus 
may have advanced the peaks of IFN-τ expression in 
cows (Farin et al., 1990; Roberts et al., 1999). Increased 
luteolysis by d 19 in cows later found nonpregnant and 
potential advancements in peaks of IFN-τ might have 
precluded the detection of increments in mRNA ex-
pression on d 19 for ISG15 or RTP4 with progesterone 
supplementation. Furthermore, it has been suggested 
that reduced pregnancy around the time of conceptus-

endometrium cross-talk probably explains the reduc-
tions in gene expression of RTP4 in leukocytes in cows 
found nonpregnant on d 34.

It is unclear why supplemental progesterone did 
not result in further stimulation of mRNA expres-
sion of ISG in leukocytes of pregnant cows compared 
with untreated controls. It was thought that pregnant 
cows would have advanced conceptus development 
with supplemental progesterone (Carter et al., 2008), 
and the latter were expected to have an earlier and 
more robust increment in expression of ISG because 
of increased IFN-τ in utero (Matsuyama et al., 2012). 
The mRNA abundance in blood leukocytes of the 2 
genes investigated in the present study were previously 
described to be associated with improved conceptus 
development and increased fertility in lactating dairy 
cows (Ribeiro et al., 2014). Nonetheless, exogenous 
progesterone might have attenuated some of the effects 
of IFN-τ on leukocytes. Addition of progesterone to 
leukocytes cultured in vitro blunted the effect of IFN-α 
in stimulating mRNA expression for myxovirus resis-
tance protein A (MxA; Tayel et al., 2013), an ISG of the 
same family as Mx1 typically quantified in leukocytes 
of cattle (Gifford et al., 2007; Ribeiro et al., 2014). 
Interferon-τ and IFN-α are both type I IFN that inter-
act with the same IFN receptor (Roberts et al., 1999). 
Therefore, it is plausible to suggest that the positive 
effects of increasing systemic progesterone on conceptus 
development in CIDR4 and CIDR4+7 were not evident 
in blood leukocytes because of direct immunomodula-
tion of supplemental progesterone on ISG (Tayel et al., 
2013). In fact, responses of blood leukocytes to IFN-τ 
during early pregnancy are believed to counter-balance 
the immunosuppressive effects of progesterone on the 
maternal immune system (Ott and Gifford, 2010). A 
study supplementing somatotropin that stimulated 
conceptus development, without changes in progester-
one concentrations, resulted in increased expression of 
ISG in leukocytes and P/AI in dairy cows (Ribeiro et 
al., 2014). In the present study, if advanced conceptus 
development was successfully obtained with exogenous 
progesterone, as observed by others (Carter et al., 2008; 
Clemente et al., 2009), then the lack of responses in 
ISG in blood leukocytes and P/AI brings new insights 
to the interactions among progesterone concentrations, 
conceptus development, IFN-τ, and maternal immune 
system during establishment of pregnancy in dairy 
cattle.

CONCLUSIONS

Supplementing progesterone to lactating dairy cows 
with intravaginal inserts starting on d 4 after AI in-
creased concentrations of progesterone in plasma in a 
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dose-dependent manner, but did not increase mRNA 
expression of IFN-induced genes in leukocytes. Al-
though P/AI was associated with concentrations of 
progesterone on d 8 after insemination, the use of 
intravaginal inserts to increase progesterone, up to 2 
ng/mL, post-AI did not have an overall beneficial ef-
fect on maintenance of pregnancy in lactating dairy 
cows. When cows were inseminated following timed 
AI, then a single insert improved P/AI. Furthermore, 
results indicate that supplemental progesterone during 
early diestrus increased luteolysis by d 19 in cows found 
nonpregnant on d 34. Exogenous progesterone supple-
mentation through CIDR was unable to stimulate ex-
pression of genes stimulated by IFN, but some benefits 
were observed in P/AI when a single insert was used in 
cows inseminated following timed AI.
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