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Impact of different hormonal protocols for the treatment of
smooth inactive ovaries (SIO) and the subsequent reproductive
performance in dairy cows
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Abstract: Infertility caused by smooth inactive ovaries (SIO) is a
common ovarian disorder that causes a major reproductive failure
in dairy cows and has a significant economic impact on the dairy
industry. The present study aimed to investigate the response of
dairy cows with a syndrome of smooth inactive ovaries to different
hormonal treatment protocols and their impact on reproductive
performances. Lactating multiparous Holstein cows (n= 75) having
smooth inactive ovaries diagnosed by two successive
ultrasonographic examinations performed at 10 days interval were
used in this study. Cows were assigned randomly into 5 groups (15
each). Group A, treated with a single injection of 250 pug GnRH,
Group B with a single injection of 2500 IU HCG, Group C, in
which cows received CIDR for 7 days and PGF2a at day 6 (24
hours before removal of CIDR followed by injection of 250 ug
GnRH (at day 8) 24 hours after removal of CIDR (at day 8)(CIDR,
PGF2a and GnRH), Group D in which cows received CIDR for 7
days and PGF2a at day 6 (24 hours before removal of CIDR)
followed by injection of 2500 IU hCG 24 hours after removal of
CIDR (CIDR, PGf2a, and HCG), and Group E in which cows did
not receive any treatment and kept as a control group. The results
showed that CIDR+ GnRH and CIDR+ hCG protocols achieved
the full (100%) estrus induction rate (EIR). hCG group achieved
93% and GnRH group 80%, while the control group only achieved
20% EIR. The shortest treatment estrus intervals (TEIs) were
recorded in CIDR+ hCG and CIDR+ GnRH protocols. Mean+SD
of TEIswere 1 +0, 1.4 + 1.1days 10.4 £ 5.4, 16.7 £7.1 and 23.7+
2.9 days in CIDR+ hCG . CIDR+ GnRH, HCG, GnRH and control
groups respectively. The CIDR+ hCG group had the highest
pregnancy rate (86.7%), followed by hCG (79.9%) and CIDR+
GnRH groups (80%), and GnRH group with 73%. The control
group showed a 13.3 % pregnancy rate however, GnRH group
showed the highest total conception rate (91.6%). It was concluded
that the highest EIR and shortest TEI were obtained in CIDR+
GnRH and CIDR+ hCG protocols. While the CIDR+ hCG group
had the highest pregnancy rate (86.7%).
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1. Introduction

Cows production depends primarily on reproduction, and its
often measured by the number of births for each animal in a
determined period (Monget and Monniaux 1995). Inactive ovaries
cause sizeable economic loss when post parturient period to the
first estrous becomes long (Ahmed, El-Khadrawy et al. 2010). One
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of the fundamental causes of depression of natural ovarian
activities is impairment release or insufficient hormonal production
of GnRH to grow and follicular development, or it might be
because of no ovarian response to GnRH (Ahmed, El-Khadrawy et
al. 2010), or hormonal imbalance between (LH) and (FSH) (Hafez
and Hafez 2013). Inactive ovaries in lactation cows cause the
increase of prolactin hormone, which depresses GnRH secretion
(Arthur, Noakes et al. 1989). Using single GnRH in cows suffering
from inactive ovary led to estrus appearance in 10 cows of 20 cows
with a response rate of 50% (Hussein and Yaurb 2021).

Anovulatory anestrus type Il is the most common type in which

the process of follicular growth and regression is repeated over and
again in anestrus animals. The ovaries of such animals are small
with the absence of a corpus luteum or ovulatory size follicles.
Adequate LH pulse frequency is required for the growth and
development of follicles after the emergence of the follicular wave.
This condition is due to low LH pulse frequency (Kumar, Abadi et
al. 2014).
The single intramuscular injection of GnRH analog (10 to 20 pg
Buserelin) has been used effectively in the induction of estrus and
concurrent ovulation with the variable response (45.5 to 87.5%)
within 4-22 days (Markandeya and Patil 2003, Prahalad, Rao et al.
2010). Human chorionic gonadotrophin (hCG) has also been used
for the management of anestrus with a fair degree of success
(Dabas and Dwaipayan 2003).

Exogenous administration of progesterone mimics the luteal
phase of the estrus cycle by exerting a negative feedback effect
over the hypothalamus and pituitary for LH release. Upon
withdrawal of progesterone, the normal follicular phase of the
cycle is stimulated. To achieve better responses, the intravaginal
devices or ear implants are generally used for 7 to 9 days,
combined with other hormones (prostaglandins, GnRH,
PMSG/eCG, and estradiol) towards the end of progesterone
treatment. Estrus induction rate has been reported between 80 to
100% by most workers (Azawi, Ali et al. 2012).

Therefore, the main objective of our study was to assess CIDR+
GnRH, CIDR+ hCG, GnRH, or hCG for treatment of ovarian
inactivity in dairy cows and evaluate their influences on
subsequent reproductive performance.

2. Materials and Methods
2.1. Ethical statement

All treatment and animals care procedures were approved
(approval number: DMU/VetMed: 2023/008) by the institutional
animal care and use committee in AU-IACUC, Damanhour
University, Egypt. The authors declare that the procedures imposed
on the cattle were carried out to meet the directive 2010/63/EU of
the European parliament and of the council of 22 September 2010
on the protection of animals and birds used for scientific purposes.

2.1. Experimental design
2.1.1 Animals.

The study was conducted in a commercial dairy farm located in
the Cairo Alexandria desert road, Egypt, from November 2020 to
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July 2021. Cows are examined routinely at day 40 to 42
postpartum for reproductive assessment by ultrasound and
considered SIO when there is no corpus luteum after 2
examinations 10 days apart. 75 Lactating multiparous Holstein
cows having smooth inactive ovaries were used in this study. Cows
were housed in free-stall barns, and individual pens were virtually
identical in design, size, and several cows housed. Cows were fed
2 different diets as TMR (Total Mixed Ration) according to the
stage of lactation, with an immediate postpartum diet-fed between
1 and 21 days in milk (DIM) and a lactating diet for the remainder
of lactation. Cows were fed twice daily, and diets were based on
corn silage, alfalfa hay, soybean meal, steam-rolled corn, whole
cottonseed, calcium salts of palm oil, and a mineral, vitamin, and
protein supplement. The 2 diets were designed to meet the
National Research Council (NRC) requirements for lactating
Holstein cows weighing 500 kg and producing 35 kg of milk/day,
containing 3.5% fat (Council 2001). Cows had free access to
water.

2.1.2. Hormones used in this study and their dosage.

e Human Chorionic Gonadotropin; 2500 IU of hCG (half a
vial of Epifasi®, Eipico, Egypt”.

e Gonadotropin Releasing Hormone; GnRH 250ug
gonadorelin acetate (2.5ml; Ovurelin®, Bayer, NSW, Aust).

e Progesterone: Intravaginal progesterone-releasing insert
(EAZI-BREED™ CIDR®-Zoetis animal production, USA)
each insert is impregnated with 1.38 g of progesterone and is
designed for intravaginal insertion,

e  ProstaglandinF20. (PGF2a); 500ug Cloprostenol sodium
(2ml of Ovuprost®, Bayer, Aust).

2.1.3. Animals grouping

In this experiment, seventy-five (n=75) multiparous postpartum
cows having smooth inactive ovaries were allocated into five
groups as follow:

e  Group A (GnRH): (n=15) treated with 250 ug GnRH (2.5 ml
Ovurelin® i.m).

e  Group B (hCG): (n=15) treated with hCG 2500 IU i.m (half a
vial of Epifasi).

e Group C (CIDR and GnRH) :(n=15) treated with (CIDR,
PGF2a, and GnRH): Cows received CIDR for 7 days and
PGF2a at day 6 (24 hours before removal of CIDR) followed
by injection of 250 ug GnRH (24 hours after removal of
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e Group D (CIDR and HCG): (n =15) treated with (CIDR and
PGF2a and hCG). Cows received CIDR for 7 days and
PGF2a at day 6 (24 hours before removal of CIDR) followed
by injection of 2500 iu hCG 24 hours after removal of CIDR.
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e  Group E (Control group): (n= 15) cows did not receive any
treatment and were kept as a control group.

Animals were observed for estrus twice daily for 30 minutes and
checked on SCR (Heat detection program). In addition, any
observation of standing estrus during routine handling was
recorded. Each animal in estrus was inseminated with frozen-
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thawed semen. Each animal that did not return to estrus was
examined by ultrasound on day 28 after insemination for
pregnancy diagnosis. A resident veterinarian made all
inseminations.

2.2 .Statistical analysis

Data are presented as mean + standard deviation of experiments.
Each animal was considered as one experimental unit. GraphPad
Prism 5 software (GraphPad Software Inc., La Jolla, CA) was used
for statistical analysis. Statistical significance between groups was
detected using Student's t-test (for two groups) or one-way
ANOVA followed by Tukey post hoc tests (for more than two
groups). Results were statistically significant at P < 0.05.
Moreover, Chi-square test was used to measure the variability in
response between the different groups.

3. Results

Data on the distribution of estrus exhibition and estrus induction
rate is presented in Table 1. Results showed that CIDR+GnRH and
CIDR+hCG protocols achieved the full (100%) estrus induction
rate (EIR). hCG group reached 93% and GnRH group 80%, while
the control group only achieved 20% EIR. The results of EIR were
statistically significant by chi-square test when compared to the
control group.

Regarding the treatment estrous interval (from the beginning of
treatment to estrous detection time), Table 1 shows that treatment
with hCG, CIDR+GnRH, and CIDR+hCG had significantly lower
(P < 0.05) treatment to the estrous interval when compared to the
control group with a Mean + SD of (10.4 +5.2), (1.4 + 1.1), and (1
+ 0) respectively.

Table 2 shows the time to estrus exhibition from the end of
treatment. It was classified as; short (<10 days), moderate (10- <20
days), or long (20- <30 days). All cows (100%) in CIDR+GnRH
and CIDR+hCG groups exhibited estrous in the middle ten days
after treatment. Almost half of the cows in the hCG group
exhibited estrous in the 1% ten days after treatment, while almost
half of the cows in the GnRH group exhibited estrous in the last
ten days after treatment. All cows exhibited estrous late after 20
days of treatment in the control group.

Table 3 lllustrates that there was a statistically significant
difference between groups was determined by one-way ANOVA
(F (4,54) =11.16, P = 0.00) regarding the frequency of estrous
exhibition from the end of treatment in days. Tukey post hoc test
confirmed the previous statistically significant difference between
each group and the control group except the GnRH group, as
mentioned in Table 2.

Table 4 demonstrates that the conception rate of the first three
artificial inseminations was highest in the GnRH group (91.6%),
followed by the CIDR+hCG group (86.7%) and hCG group
(85.7%), then the CIDR+GnRH group (80%). The control group
showed (66.7%). The control group showed a 13.3 % pregnancy
rate. The CIDR+hCG group had the highest pregnancy rate
(86.7%), followed by hCG and CIDR+GnRH groups (almost
80%), and lastly GnRH group with 73%. About two-thirds (66.7%)
of the cows in the CIDR+hCG group conceived at 1st
insemination, while almost half of cows in CIDR+GnRH, GnRH,
and hCG groups were designed at 1st insemination. Only one-third
(33.3%) of the cows in the control group conceived at 1st
insemination.

Table 5 shows the reproductive performance represented by
treatment conception interval. The time interval between the end of
treatment and the fertile artificial insemination was calculated and
revealed that using CIDR plus hCG leads to a decrease in the
interval by 2.5 times compared to the control group (10.6 + 18.2)
vs. (49 + 38).

Table 6 demonstrates no statistically significant difference
between the treatment groups regarding services per conception.
However, treatment with CIDR+HCG showed the lowest number
of services per conception with a mean and SD of (1.31 + 0.63).
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Table 1. Effects of different treatment protocols on the incidence of estrus and interval to the estrous exhibition from end of treatment

Treatment No. of cows Cows detected in  Treatment estrous interval

within the estrous

group

No. % Mean +/- SD Test of significance
t-test P -value

GnRH 15 12 80% 16.7+7.1 T=1.6 P=0.13
hCG 15 14 93.3% 104+54 T=4* P =0.001
CIDR+GnRH 15 15 100% 14+11 T=13.2* P =0.005
CIDR+hCG 15 15 100% 1+-0 T=13.6* P =0.005
Control 15 3 20% 23.7+2.9 - -

*Statistically significant result compared to the control group.

Table 2. Effects of different treatment protocols on the distribution of estrous exhibition from end of treatment in days

Treatment No. of cows detected in estrous Distribution of estrus exhibition from end of treatment in days
within the group <10 days 10- <20 20-<30

GnRH 12 3 (25%) 4 (33.3%) 5 (41.7%)

hCG 14 8 (57.1) 4 (28.6%) 2 (14.3%)

CIDR+GnRH 15 - 15 (100%) -

CIDR+hCG 15 - 15 (100%) -

Control 3 - - 3 (100%) (a)

@ = percent calculated from total detected in estrous within each group

Table 3. One way ANOVA

variable F dfl df2 P -value
Frequency of estrous exhibition from end of treatment in 11.16 4 54 0.00*
days
*Statistically significant result compared to the control group.
Multiple comparisons (Tukey post Hoc test)
Test P-value
Control vs GnRH 0.1
Control vs hCG* 0.00
Control vs CIDR + GnRH* 0.00
Control vs CIDR + hCG* 0.00
GnRH vs HCG* 0.004
GnRH vs CIDR + GnRH* 0.003
GnRH vs CIDR + hCG* 0.001
Table 4. Effects of different treatment protocols on conception rate and pregnancy rate
Treatment No. of cowsin  Conceptionat  Conception at Conception at Total
estrus within 1st Al 2nd Al 3rd Al conception of
the group 1st 3 Al Pregnancy rate

No. %(a) No. %(a) No. %(a) No.

%

GnRH 12 5 417% 4 333% 2 166% 11 91.6%  73.3%
hCG 14 8 571% 3 214% 1 7.1% 12 85.7%  79.9%
CIDR+GnRH 15 7 46.6% 3 20% 2 133% 12 80% 80%

CIDR+hCG 15 10 66.7% 2 133% 1 6.6% 13 86.7%  86.7%
Control 3 1 33.3% - --- 1 333% 2 66.7% 13.3%

(a) percent calculated from total detected in estrous within each group

Table 5. Effects of different treatment protocols on treatment conception interval in days

No. of Interval to conception from end of treatment in
Treatment conceived days Test of significance

COWS Mean + SD t-test P -value
GnRH 11 36.5+22.3 T=0.6 P=0.5
hCG 12 19.5+16.9 T=1.9 P =0.07
CIDR+GnRH 12 16.1 £18.1 T=1.2 P=04
CIDR+hCG 13 10.6 £18.2 T=25* P =0.02
Control 2 49 +38 - -

*Statistically significant result compared to the control group.
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Table 6. Effects of different treatment protocols on service preconception

Treatment No. of conceived cows Services per conception Test of significance
within the group
Mean+SD t-test P -value
GnRH 11 1.73£0.79 0.41 0.6
hCG 12 1.42 £ 0.67 1 0.3
CIDR+GnRH 12 1.58 £0.79 0.63 0.5
CIDR+hCG 13 1.31+£0.63 13 0.2
Control 2 2+14 ---
4. Discussion Furthermore, CIDR in combination with i.m. injection of

Cows with true anestrus need sorts of management or
hormonal interventions for induction of cyclicity and conception
(Rahman 2010). In the current study, four different treatment
protocols were used; Group (A) with a single injection of 250 pg
GnRH, Group (B) with a single injection of 2500 IU hCG, Group
(C) in which cows received CIDR for 7 days and PGF2a. at day 6
(24 hours before removal of CIDR followed by injection of 250
Mg GnRH 24 hours after removal of CIDR (CIDR and PGF2a and
GnRH), and Group (D) in which cows received CIDR for 7 days
and PGF2a at day 6 (24 hours before removal of CIDR) followed
by injection of 2500 IU hCG 24 hours after removal of CIDR
(CIDR and PGF2a and hCG).

According to this study, the combination of CIDR+GnRH and
CIDR+hCG was associated with a 100% estrous detection rate.
hCG alone was associated with a 93% estrous detection rate.
GnRH alone had an 80% estrous detection rate, and cows in the
control group showed a 20% estrous detection rate.

There was a statistically significant difference between the
hCG, CIDR+GnRH, and CIDR+hCG groups when compared to
the control group regarding the distribution of estrous exhibition
from the end of treatment with a mean of (10.4 + 5.4), (104 £
1.1), and (10+ 0.0) respectively.

Regarding pregnancy rates and total conception rates, both
hCG and hCG combined with CIDR had the highest pregnancy
rates (79.9% and 86.7%, respectively) and showed 85.7% and
86.7% total conception rates. CIDR combined with GnRH
showed an 80% pregnancy rate and total conception rate, while
GnRH alone showed a 73% pregnancy rate with the highest total
conception rates (91.6%). The pregnancy rate in the control group
was only 13%, with a 66.7% total conception rate.

The previous results are consistent with Canadas et al (2019),
who concluded from his study that treatment of anestrous cows
with GnRH, hCG or Progesterone-Ovsynch protocol increased
ovulation rate compared with untreated Control cows, and the
best reproductive performance results were obtained from the
Progesterone-Ovsynch protocol. However, it had the highest cost.

Similar results were obtained from a study by Ravikumar,
Asokan et al (2009). The use of CIDR plus Ovsynch was
associated with 100% ovulatory response and 42% first service
conception rate, which was higher than the results of Ovsynch
protocol alone 83.33% and 33.33%. Dudhatra et al (2012) also
demonstrated that administration of PGF2a or their analogs in
early postpartum cows hasten early resumption of cyclic ovarian
activity and thereby increased the reproductive efficiency

Progesterone released from CIDR inserted intra-vaginally in
cows is absorbed through the vaginal wall into the circulation
(Singh 2003). This increase in the circulatory concentration of
progesterone exerts negative feedback on the hypothalamus and
anterior pituitary. Following termination of progesterone therapy
(after CIDR withdrawal by the day 7 after insertion), the rapid
drop in the circulatory concentration of progesterone promotes
the release of GnRH as the negative feedback of progesterone
was abolished, followed by FSH and LH release with the
subsequent resumption of ovarian cyclicity (Zerbe, Gregory et al.
1999) Also, the increased circulatory concentration of
progesterone sensitizes the hypothalamic-pituitary system
(Virendar, Malik et al. 2010). Likewise, progesterone increases
the hypothalamus sensitivity to estrogen with a subsequent
increase in the intensity of heat (Fabre-Nys and Martin 1991)
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PGF2a is more effective than CIDR alone in terms of an
exhibition of estrus and conception rate (Singh 2003). This can be
explained by the fact that PGF2a increases pituitary
responsiveness to GnRH in the postpartum cow (Randel
Lammoglia et al. 1996). Hence, the released GnRH after CIDR
removal effectively stimulates the pituitary gonadotropins with
subsequent estrus induction in anestrous cows.

Treatment of anestrus in buffalo cows was studied by Bakr et
al (2015) with different treatment protocols. The most efficient
two treatment protocols were CIDR and CIDR+GPG (both had
similar results) with 100% estrous detection rate in both
compared to 85% in the control group, 81% total conception rate
in both compared to 67% in the control group, higher first service
conception rate 56%compared to 33% in the control group, and
also lower treatment to the estrous interval (10.00 = 0.65 vs.
28.67 £ 6.59 in control).

The use of CIDR in combination with Ovsynch protocol in
postpartum anestrous buffaloes was associated with higher
pregnancy rates (83%) when compared to Ovsynch alone (50%)
and CIDR alone (50%) (Naikoo et al., 2010). This was also in
line with Bhoraniya et al (2012) but slightly lower conception
rates. The use of Ovsynch plus CIDR protocols in anestrus dairy
cows showed 66.6% compared to the 50% overall conception rate
in Ovsynch protocol.

Moreover, the application of an intravaginal progesterone-
releasing insert with the Ovsynch protocol resulted in a higher
estrous detection rate, higher first service conception rate, and
higher pregnancy rate than the Ovsynch treatment (McDougall
2010).

According to Muneer et al (2009), hCG had an add-on effect

when added to CIDR, compared to CIDR alone in postpartum
anestrus crossbred cows. The combination of CIDR and hCG was
associated with an 80% conception rate compared to a 70%
conception rate with CIDR alone.
Garcia-Ispierto et al (2019) studied the effect of hCG compared to
GnRH in a five-day progesterone-based fixed-time Al protocol on
the fertility of anestrous dairy cows under heat stress conditions.
They revealed that the ovulation failure rate was significantly
lower, and the pregnancy rate was significantly higher in the
(hCG+CIDR) group than the (GnRH+CIDR) group.

In his study, (Naglis et al (2018) compared the effect of hCG
sv GnRH on the first service conception rates in anestrus dairy
cows and revealed that hCG improved the 1st service conception
rate to 72.2% compared to 64.4% in the GnRH group. These
results are consistent with our results in which the 1st service
conception rate was also higher in the HCG group than the GnRH
group (57%vs41.5%). Also, (Portaluppi, Tenhouse et al. 2006)
reported a higher ovulation rate in the hCG treated group (78%)
compared to (60%) in GnRH treated group and both were
significantly higher than the control group (2.4%).

In Egypt, Waheeb and Hatab (2017) reported the same estrous
detection rate as the current study, 80% from a single injection of
GnRH with 87.5% conception rate. Only a 40% conception rate
in GnRH treated group (El-Shahat and Badr 2011). The variation
between the different studies in the conception rates might be
because of other environmental and managerial factors as days in
milk, age, and season. The control group in Waheeb and Hatab
(2017) showed a similar pregnancy rate of 10%.
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The effect of GnRH is mediated through the stimulation of
FSH secretion, which leads to the initiation of new waves of
follicular growth, followed by LH surge and ovulation in
response to elevated estradiol levels (Torrens, Snelling et al.
2009).

GnRH administration causes the large follicles to ovulate and
induces the emergence of a new follicular wave within 3 to 4 days
after treatment at any stage of the estrous cycle in cattle. Cows
treated with GnRH showed a 75% estrus rate and 69% conception
rate compared to 56% and 40% in the counterpart control group
(Islam, Juyena et al. 2013). The differences in percentages
between the previously mentioned study and the current study
might be due to variation in the number and breed of animals,
nutritional status, or season.

5. Conclusion

CIDR+GnRH and CIDR+hCG protocols achieved the full
(100%) estrus induction rate (EIR), and the hCG group achieved
93% and GnRH group 80%. The Shortest TEI (1 + 0 and1.4
+1.1days) were obtained in CIDR+ GnRH and CIDR+ hCG
protocols.

Conflict of interest: The authors declare no conflict of interest.
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