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ABSTRACT
The present study aimed to evaluate whether the induction and the formation of an accessory corpus luteum (CL) after AI
might increase the pregnancy per AI (P/AI) in heat stressed dairy cows. Starting at d 50±3 post-partum, 113 lactating Holstein
cows from one commercial herd during summer were scored for body condition, blood sampled and examined by ultrasound.
Those bearing a CL>25mm and progesterone (P4) level>2ng/mL were synchronized using a double PGF2α injection given 12
h apart and AI-ed at detected estrus. In total 18 cows, there were not any signs of estrus (n=10) nor a P4 level <2ng/mL at the
time of enrolment (n=8) and therefore they were excluded from the study, leading to 95 cows finally enrolled.. At d5 post-AI,
cows were randomly allocated into 2 groups: control group (CON, n=45) without any additional treatment, and treatment group
(GnRH, n=50), treated with 0.008 mg Buserelin – a GnRH agonist. Blood sampling and ultrasound examination were done at
d5, d14 and at d21 after AI, whereas the pregnancy diagnosis was done at d21 and d30 after AI. Average daily temperature and
relative humidity values were used to calculate the temperature-humidity index (THI). The average THI during the experiment
was 79.5±0.6. At d5, no differences were observed neither between the number of the CL nor between the P4 level in both
groups. At d14 and d21, 82% of the GnRH-treated cows had more than one CL versus 0% of the CON cows. Both at d14 and
21, GnRH-treated cows had higher P4 levels compared to the CON cows (p<0.05). In addition, P/AI were higher in the GnRH
group than in the CON group (65% vs. 48.3%, p<0.05), whereas late embryonic losses were higher in CON in comparison to
GnRH cows (10.6 vs. 4%, respectively). The BCS at the moment of insemination did not affect P/AI (p>0.05). In conclusion, the
induction of an accessory CL at d 5 after AI might increase P/AI in heat stressed dairy cows.
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INTRODUCTION
Heat stress adversely affects fertility of dairy
cattle and compromises the reproductive function
of the lactating dairy cows. Reduced expression of
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estrus (1), disruption of follicular and oocyte function
(2), increased embryonic mortality (3) and reduced
P4 concentration (4) are the key events associated
with reduced reproductive functions during heat
stress. Indeed, one often observed characteristic
of cows chronically exposed to heat stress is a
reduction of the circulating P4 concentration (4).
Because P4 is an essential hormone for pregnancy
maintenance, its reduction leads to decreased
fertility. Therefore, many researchers have been
focusing on identifying hormonal treatments that
increase the P4 level in heat stressed cows. The
main focus has been put on P4-releasing intravaginal devices (PRID) or controlled internal drug
releases (CIDR) and on the ovulation-inducing
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products such as gonadotropin releasing hormone
- GnRH or human chorionic gonadotropin – hCG,
(through induction of ovulation and formation of an
accessory CL in cows bearing a CL). In this respect,
an injection of hCG on d 5 of the estrous cycle did
not improve the proportion of heat stressed cows to
become pregnant after AI (5, 6) whilst Beltran and
Vasconcelos (7) reported a significant improvement
in fertility. Similarly, treatment with GnRH at AI
in cows exposed to heat stress conditions did not
affect the P/AI (8), whereas treatment with GnRH
at AI and at AI and 12 days later, improved fertility
compared to non-treated controls (30.8%, 35.4%,
and 20.6%, respectively) (9). In addition, treatment
with GnRH on d 5 after AI increases P/AI, but this
effect was only observed in third lactating dairy
cows (8), whereas injection of GnRH at days 14 –
15 after estrus to delay luteolysis did not generally
affect fertility (10). Friedman et al. (11) showed,
although not significantly, that CIDR treatment
increases the conception rates by 6%, however, the
treatment significantly increased the conception
rate in cows with low BCS after calving. Even
though, treatments during heat stress may offer
some promise to improve fertility, reported results
are so far rather inconsistent.
We hypothesized that an early elevation of the
P4 level after AI in heat stressed cows would result
in an increased P/AI. Thus, the objective of the
present study was to examine whether the induction
and the formation of an accessory CL post-AI would
increase the P4 level and consequently improve
P/AI in dairy cows during heat stress conditions.
MATERIAL AND METHODS
Animals and synchronization protocol
Lactating Holstein cows (n=113) from one
commercial herd during the summer season (JulySeptember 2018) were enrolled in the study. Cows
were housed in free-stall barns equipped with fans,
fed a totally mixed ration once daily to meet or
exceed requirements for lactating cows and were
milked twice daily with an average milk production
of 7500 l for 305 days. At 50±3 days post-partum,
all cows were examined by ultrasound and scored
for body condition (BCS) on a scale from 1-5
(1-emaciate - 5-obese) (12). The cows that were
bearing a CL larger than 25 mm and that had a P4
level > 2.0 ng/ml were further synchronized using a
double PGF2α injection [(2 ml (0.5 mg cloprostenol),
PGF Veyx Forte, Veyx-Pharma GmbH, Germany)]
given 12 h apart and were AI-ed at detected estrus.
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Ten cows did not show behavioural estrus signs
and therefore were excluded from the study. In
addition, 8 cows had a P4 level less than < 2 ng/mL,
regardless of having a CL and were also excluded
from the analysis leading to 95 cows at total
enrolled in the study. Subsequently, at d 5 post-AI
cows were randomly allocated into 2 groups: the
control group (CON, n=45), without any additional
treatment, and the treatment group (GnRH group,
n=50), treated with 0.008 mg Buserelin – a GnRH
agonist (Receptal, Animal Health Ltd, New
Zealand). We hypothesized that treatment with
GnRH at d 5 should induce ovulation of the first
dominant follicle post-AI leading to formation of
an accessory CL and consequently increase the
P4 level post-AI. In addition, cows were further
clustered according to their BCS (low, L= 2.252.75, medium M=2.75-3.00 and high Hi = 3.003.75), group (GnRH and CON) and pregnancy
status (pregnant and non-pregnant) into 12 clusters
and correlated with the P4 concentration at d 5 and
d 14 after AI. Because clusters 2 and 9 covered only
4 cows [2 in each cluster, (BCS- L, CON, PREGand BCS-L, GNRH, PREG-)], these clusters were
excluded from the statistical analysis.
Ultrasonographic examination, blood collection,
progesterone analysis and pregnancy diagnosis
Cows were examined by ultrasound on the day
of first PGF2α injection, at d 5 and d 14 post-AI, for
the presence of the CL/s (d 5) and for accessory CL
(d 14) with a B-mode scanner Mindray DP 50, (Soma
Technology Inc. USA), equipped with a 7.5 MHz
linear rectal probe. Blood samples were obtained
from the coccygeal vein into evacuated tubes (BD
Vacutainer® Plymouth, UK) at first PGF2α injection,
on d 5 and d 14 as well as at d 21 after AI. The samples
were immediately refrigerated and transported in
a portable refrigerator to the lab within 3 hours
after collection. Tubes were centrifuged (3000
RPM x g for 15 min) and after serum extraction
stored at -20°C until P4 analysis. The P4 analysis
was done at the Faculty of Veterinary Medicine
– Skopje, North Macedonia, using commercially
available kits (HUMAN, Progesterone ELISA Test
- Germany) on an Immuno-scan BDLS reader. The
intra- and inter-assay CV were 7.2 % and 8.6%.
Pregnancy diagnosis was done at d 21. Day 21 after
AI was chosen because, on that day, there is a high
probability that the cows might be diagnosed nonpregnant (no CL and P4<0.5 ng/ml) (13). At d 21,
a positive pregnancy outcome was predicted when
one or more CL larger than 25 mm in diameter were
observed on either ovary. The cows that had been
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diagnosed pregnant at d 21, their pregnancy was
confirmed at d 30 after AI by ultrasonographically
detecting an embryo with a visible heartbeat.
Temperature and relative humidity measurements

of pregnant animals between the two groups still
being significantly in favour of the GnRH treated
cows. It was assumed that cows that were diagnosed
pregnant at d 21 but non-pregnant at d 30, had
experienced late embryonic mortality.

Average daily temperature and relative humidity
values were obtained from a meteorological
station located near the herd. The temperaturehumidity index (THI) was calculated according to
the following formula: THI = (1.8xT+32)–[(0.550.0055xRH) x (1.8xT-26)], where, T=Temperature
and RH=Relative Humidity (14).
Statistical analysis
Multifactorial ANOVA was performed to
analyse significant differences in measured
parameters (blood progesterone concentration) in
respect to the considered factors (GnRH treatment,
body condition score, pregnancy status, as well
as presence of 2 CL). When null-hypothesis was
rejected, Duncan multiple range test was used
to identify significantly different comparisons.
Measurements for P4 levels at 14th day were log10
transformed due to a high level of variation.

RESULTS
The average THI during the experiment was
79.5±0.6, showing that cows were under heat
stress condition. Overall, at d 5, no differences
were noticed in the number of CL present on the
ovaries between both groups of cows. Similarly, the
circulating P4 concentration at d 5 did not differ
between the GnRH and the CON group (1.67±0.59
ng/ml and 1.54± 0.52 ng/ml, p>0.05), respectively.
Treatment with GnRH at d 5 after AI, significantly
increased the percentage of cows with 2xCL at
d 14, with more cows having 2xCL in the GnRH
group compared to the CON group (82% vs. 0%),
respectively. Cows that ovulated after GnRH (2 CL
at d 14) had significantly higher P4 concentrations
at d 14 (5.87±2.04 ng/mL) in comparison to the CON
cows (4.21±1.22 ng/mL) and the GnRH cows that
did not ovulate (only 1 CL at d 14 - 3.21±1.12 ng/
mL). At d 21 (Fig. 1), a higher percentage of cows in
the GnRH group was diagnosed pregnant compared
to the CON group (65% vs. 48.3%, p<0.05). At d 30
(Fig. 2), however, the percentage of pregnant cows
was reduced to 61% in the GnRH group and 37.7%
in the CON group, but the difference in number

Figure 1. Percentage of pregnant cows at d 21. Cows
were synchronized with PGF2α and AI-ed at detected
estrus. At d 5 after AI, cows were treated with 0.008
mg Buserelin – a GnRH agonist (GnRH group) while
the remaining cows (CON group) were left untreated.
Pregnancy diagnoses was done at d 21 and confirmed
d 30 after AI

At d 5, cows from the cluster (BCS-H, CON,
PREG-) had a significantly lower P4 concentration
in comparison to cows from the cluster (BCS-M,
GnRH, PREG +), cluster (BCS-L, GnRH, PREG
+) as well as from the cluster (BCS-H, GnRH,
PREG+). The remaining clusters did not differ
among each other.

Figure 2. Percentage of cows with LEM.
Cows were synchronized with PGF2α and AI-ed at
detected estrus. At d5 after AI, cows were treated
with 0.008 mg Buserelin – a GnRH agonist (GnRH
group) while the remaining cows (CON group) were
left untreated. Pregnancy diagnoses was done at
d 21 and confirmed at d 30 after AI
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At d 14, cows from the cluster (BCS-L, CON,
PREG-) had significantly lower P4 concentration
in comparison to cows from the cluster (BCS-M,
GnRH, PREG +), cluster (BCS-L, GnRH, PREG -),
cluster (BCS-L, GnRH, PREG+), as well as from
the cluster (BCS-H, GnRH, PREG +). Similarly,
cows from the cluster (BCS-H, CON, PREG -) had
significantly lower P4 concentration compared to
the cows from the clusters (BCS-M, GnRH, PREG
+, BCS-L, GnRH, PREG -, BCS-L, GnRH, PREG+
and BCS-H, GnRH, PREG+). Interestingly, cows
from the cluster BCS-H, CON, PREG + had similar
P4 concentration at d 14 as all-remaining clusters in
the GnRH group.

DISCUSSION
The present study aimed to assess whether
the treatment with GnRH at d 5 after AI would
increase P/AI as a consequence of the formation of
an accessory CL and thus a greater P4 concentration
post-AI during a heat stress condition in dairy
cows. The results corroborate with our hypothesis
because the treatment with GnRH at d 5 in heat
stressed cows resulted in ovulation and formation of
an accessory CL in comparison to the non-treated
control group. Although, the ovulatory response to
GnRH during heat stress is reported to be decreased
due to a reduction in magnitude of the preovulatory
surge in luteinizing hormone and estradiol (15, 16),
surprisingly, the percentage of cows that ovulated
after GnRH in our study was higher than mentioned
in previous reports. The treatment with GnRH
between d 4 and 9 after AI induced ovulation of the
first dominant follicle in approximately 60% of the
cows (17). One of the reasons for the higher ovulatory
response could be the circulating P4 concentration at
the moment of the GnRH injection. The circulating
P4 concentrations are inversely related to the LH
pulse frequency, thus an elevated P4 concentration
decreases the LH pulse frequency and reduces the
ovulatory response after GnRH induced ovulation
and vice-versa. Therefore, ovulation and GnRHinduced LH release are suppressed in the presence
of a CL and high concentrations of P4 in dairy cattle
(18). Nevertheless, at d 5 after ovulation, the CL is
still not fully developed (19), and the circulating P4
concentration is less than 2 ng/ml (20, 21) as shown
in the current study, so, we are assuming that the
GnRH treatment at that day resulted in an increased
ovulatory response.
Furthermore, the formation of an accessory
CL in the GnRH group resulted in a greater P4
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concentration at d 14 post-AI. The latter might
be associated with the higher P/AI in the GnRH
group and might have reduced both early and
late embryonic mortality in comparison to the
CON group. Indeed, our results correspond with
the results reported by Larson et al. (22), where
non-pregnant cows had lower P4 than pregnant
cows. Nevertheless, other studies have shown no
relationship between post-AI P4 concentrations and
pregnancy outcomes (23). Although, the results in
the literature are unequivocal, the exact mechanism
by which the circulating P4 concentration post-AI
impacts on fertility is still unclear. It is suggested
that increased P4 during days 3 to 7 post AI
induces adaptations in the uterus that increase
embryo elongation by Day 14 (24). Other authors
suggested that P4 might be acting directly on the
embryo to improve embryo development (25).
Regardless of the pathways involved, a consistent
effect of increased P4 concentrations after AI is
an increase in embryo length. Because the length
of the embryo is directly related to its capacity
to produce INF-t (26), we are assuming that an
increased post AI P4 concentration improves the
embryo’s ability to produce INF-t (26). The latter
prevents luteolysis at that specific time post AI,
which is necessary to maintain pregnancy. In fact,
our results showed that cows with an increased post
AI P4 concentration have reduced late embryonic
mortality in comparison to cows with reduced post
AI P4 concentration. García-Ispierto et al. (3) also
observed similar results reporting an association
between warm weather and increased pregnancy
loss between days 35 – 45 and day 90 of gestation.
An interesting result of the current study was
the relatively high percentage of cows (48.3%)
diagnosed pregnant in the CON group under heat
stress conditions. We are assuming that a possible
explanation for the latter might be the elevated P4
concentration during the follicular growth before
ovulation. Since we have only included cows that
had a P4 level > 2.0 ng/ml at PGF2α, it is clear that
all ovulatory follicles have grown under high P4
environment. Progesterone concentration during
the growth of the ovulatory follicle has been shown
to affect the follicular growth rate and oocyte
maturation (21). Actually, it has been shown that
increased P4 concentration during the growth of the
ovulatory follicle increases fertility to the subsequent
timed AI by more than 10% (27). Nevertheless, a
higher percentage of cows from the CON group in the
current study experienced a late embryonic mortality.
We are speculating that sub-optimal progesterone
concentrations during this period may probably
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compromise conceptus development. In this regard,
P4 supplementation has the potential to reduce the
incidence of pregnancy loss during this period (3).
On the other hand, a reduced P4 concentration during
follicular growth, before ovulation, might result in
premature down regulation of P4 receptors in the
endometrium and hastened increase in expression of
estradiol receptors, predisposing cows to short luteal
phases (28). Given the results of the current study, it
is clear that the P4 concentrations before and after AI
play an important role in terms of pregnancy rates in
heat stressed cows.
It is also worth discussing the estrus expression
during heat stress. It has been shown that heat stress
decreases the expression and duration of estrus in
dairy cattle (29). In the current study, however,
from the total of 95 cows included in the study,
only 10 cows or 10.52% did not show signs of
estrus following a double prostaglandin injection.
These results demonstrated that 90% of the cows
did show signs of estrus behaviour during heat
stress. These findings are in agreement with the
results reported by Voelz et al. (30), where 89.3%
of the cows were detected in estrus. Although, it
has been suggested that luteolysis after PGF2α is
less likely to occur during summer (31), we clearly
demonstrated that estrus synchronization using a
double PGF2α injection is highly efficient during
heat stress conditions, at least in cows bearing an
active corpus luteum.
When cows were clustered according to BCS,
treatment group and pregnancy status, the results
show that BCS was not significantly related to the
P4 concentration post AI. Regardless of the BCS,
pregnant cows had a higher P4 concentration at d
14 in comparison to non-pregnant cows. The latter
signifies again the importance of an increased P4
concentration post AI necessary for reaching higher
fertility. Indeed, our results demonstrated that cows
should be in an optimal BCS and need an elevated
P4 concentration before and after AI in order to
become pregnant under heat stress condition.

CONCLUSION
Reaching a high fertility rate during the hot
months of the year still represents a challenge for
both veterinarians and farmers. Many attempts have
been made to overcome this problem; however, the
results are unequivocal. Injecting GnRH at d 5 after
AI causes an increase in P4 level post AI through
formation of an accessory corpus luteum. The latter
increases post AI P4 level that might influence

the conception rate and might increase P/AI and
reduce the number of pregnancy losses. Therefore,
in order to overcome lower P/AI during heat stress
condition, we are suggesting treating the cows with
GnRH at d 5 after AI.
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