
 

Improving Fertility in Friesian Cows by 
Synchronization of Fixed Time Insemination
Mohamed A. Abu El-Hamd1*, Abdelslam M. Metwally2, Zahya R.  Ghallab2,
Wael A. El-Hamady1  and Mohamed A. El-karamany1

1Animal Production Research Institute, Agriculture Research Center, Egypt
2Department of Animal Production, Faculty of Agriculture, Kafr-Elsheikh University, 
Egypt.

Article Information
Received 15 November 2021 
Revised 18 February 2021
Accepted 03 March 2022
Available online 08 August 2022
(early access)
Published 01 September 2023

Authors’ Contribution
MAAE, AMM and ZRG presented the 
idea of research and designed the ex-
periments. WAE and MAE performed 
statistical and chemical analysis. WAE 
conducted the experiments. MAAE 
and AMM wrote and revised the 
manuscript.

Key words
Friesian cows, High or low fertility, 
GnRH, PGF2α, Pregnant rate

This study aimed to examine several hormonal treatments approaches for improving fertility in Friesian 
cows with high and low fertility. This study used a total of 40 Friesian cows, 20 of which were unable to 
conceive after a single service (high fertility), and 20 of which were unable to conceive after three services 
(low fertility). Animals were classified into four groups (n=10 /group) for two hormonal protocols. Cows 
in the first and second groups high or low-fertility (G1 and G2, respectively) were treated with PGF2α-
GnRH protocol. Cows in the third and forth groups high or low-fertility (G3 and G4, respectively) were 
treated with OvSynch protocol. Results showed effective increasing oestrus responses 90, 70, 100 and 
80% in G1, G2, G3 and G4, respectively. Pregnancy rate was significantly higher in G1 (80%) and G2 
(60%) than in G3 (50% ) and G4 (40%) in cows. The concentration of progesterone (P4) significantly 
decreased in pregnant cows compared with non-pregnant in G2 and G3 at artificial insemination (AI), 
while it was higher at days 7, 14 and 24 post-AI in pregnant than in non-pregnant cows. At oestrus, the P4 
concentration was significantly decreased in G1, G2, G3 and G4, in pregnant cow than in non-pregnant of 
high or low fertility. Economic analysis revealed that the PGF2-GnRH protocols were the least expensive 
(L.E. 65/animal), while the OvSynch treatment was the most expensive (L.E 95/animal).

INTRODUCTION

The core of dairy farm success is reproductive efficiency 
(Nebel and Jobst, 1998). Reproductive decline is a 

significant financial loss in the dairy sector for various 
causes, including environment, nutrition, and management. 
Although many factors influence fertility, one of the most 
common causes of lower fertility is an increase in early 
embryonic mortality, which occurs between days 8 and 17 
of pregnancy due to the embryo’s failure to support the 
maintenance of the corpus luteum (CL).

Management of reproductive protocols has been 
emphasized on synchronizing estrus with PGF2α. When 
cows had bred following a detected estrus, these were 
exceedingly successful. To increase heat detection rates, 
different methods of artificial insemination (AI) management 
were used. AI becomes more efficiency when estrus 
synchronized with PGF2α (Stevenson and Pursley, 1994).
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The classic ovisynch protocols by GnRH-PGF2α 
are influenced by the follicular stage at the initial 
GnRH injection time in the synchronization program 
(Vasconcelos et al., 1999). Pre-synchronization with use 
dabbles injections of PGF2α 12-14 d apart, regresses CL in 
the luteal phase of the estrous cycle in cows (early to mid-
luteal phase) before the start of OvSynch by 14 days and 
this approach consequently leads to higher pregnancy rate 
(Moreira et al., 2000, 2001).

Follicular dynamics and pituitary-ovarian axis (Båge 
et al., 1997) are the main reasons for repeat-breeding 
phenomenon. Within the six days post oestrus, repeat 
breeders have lower progesterone concentrations relative 
to normal ones (Båge, 2002). The repeat breeder was 
decreasing in dairy farms when we used combination 
between GnRH and prostaglandin F2α (PGF2α) so, 
it become efficient way to improve the reproductive 
performance in dairy animals (Yaniz et al., 2004).

Thus, the pressent study aimed to evaluate more 
efficient hormonal treatments to improve reproductive 
performance of high and low fertility Friesian cows. 

MATERIALS AND METHODS

The current study was conducted at the Animal 
Production Experimental Station, Sakha, Kafer El-Sheikh 
Govemorate (located in the north of the Nile Delta) from 
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May to September 2020. This study was conducted after 
an agreement from the Animal Care and Ethics Committee 
of Kafrelsheikh University, Egypt.

Animals
A total of 40 Friesian cows, 20 cows were unable to 

conceive after 1 service only (high-fertility) or 20 cows 
were failed to conceive after 3 services (low-fertility) were 
used. Cows had 46 to 86 months old and body weight 
of 460-580 kg. Animals were fed on concentrate feed 
mixture, maize silage, rice straw, and berseem (Trifolium 
alexandrinum) hay according to the systems adopted by 
Animal Production Research Institute (APRI). Cows were 
housed unrestrained in semi-open barns, fresh water was 
always available.

Animals were divided into four groups, cows in G1 
and G3 were high-fertility, however, cows in G2 and G4 
were low-fertility.

Treatment protocols
Cows in the first and second groups high or 

low-fertility (G1 and G2 respectively, n=10) were 
intramuscularly (i.m.) injected with 3 ml PGF2α analogue 
containing 0.750 μg cloprostenol (Synchromate, Bremer 
Pharma 27540 Bremerhaven, Germany) at day 0, 5 ml 
GnRH analogue (Receptal, Hoechst, Germany) containing 
20 μg Buserelin GnRH at day 14, 3 ml PGF2α analogue 
containing 0.750 μg cloprostenol (Synchromate, Bremer 
Pharma 27540 Bremerhaven, Germany) at day 21, and 5 
ml of Receptal two days later (day 23), followed by 16-20 
h later with timed artificial insemination by frozen semen 
on day 24 (protocol 1, Fig. 1).

Fig. 1. Diagrams of activities treatments during the study, 
Friesian cows were randomly assigned timed artificial 
insemination (TAI) in 1 and 2 protocols.

Cows in the third and four groups high or low-
fertility (G3 and G4, respectively) were i.m. injected with 

3 ml PGF2α analogue containing (0.750 μg cloprostenol) 
(Synchromate Bremer Pharma 27540 Bremerhaven 
Germany) at days of 0 and 14 (Pre-Synchronization), 5 ml 
Receptal at day 28, 3 ml PGF2α analogue containing 0.750 
μg cloprostenol (Synchromate, Bremer Pharma 27540 
Bremerhaven, Germany) at day 35, and 5 ml of Receptal 
two days later (day 37), followed by 8-18 h later with 
timed artificial insemination by frozen semen on day 38 
(protocol 2, Fig. 1).

Oestrous detection, service, and pregnancy diagnosis
Oestrus has detected visually three times daily 

between 8 a.m and 6 p.m. A teaser bull supplied with paint 
has used for each treatment group during the night (from 7 
p.m up to 7 a.m) to detect the oestral animals. 

Pregnancy diagnosis had confirmed by the 
concentration of P4 on day 24 post-mating and rectal 
palpation on day 60 post-mating.

Progesterone assay 
Progesterone levels were determined using blood 

samples taken from the jugular vein. Blood samples were 
collected 3-4 d pre-treatment in all treatment groups and 
post- treatment based on the planned protocol for each 
treated group. Samples have collected on day of oestrus 
in and after every treatment dose. Thereafter, samples 
have collected on day 7, 14 and 24 post-mating. In order 
to separate the serum, the blood samples were centrifuged 
at 3000 rpm for 15 min. Serum was then stored at -20 ºC 
till the P4 assay.

By following the manufacturer’s instructions using a 
ready antibody-coated tubes kit of the radioimmunoassay 
technique (RIA) (Diagnosis Systems Laboratories, Texas, 
USA), the progesterone antibody has a 100% cross-reac-
tion (at 50% binding). On the other hand, with 5-preg-
none-3, 20-dione 11-Deoxycorticosterone, 5-pregnone-3, 
20-dione 11-Deoxycortisol, 17-Hydroxyprogesterone, and 
20-Dihydroxyprogesterone, it becomes 6.00, 2.50, 1.20, 
0.80, 0.48, and 0.10%, respectively, and less than 0.1% 
with any of the other steroids.

According to reports, the sensitivity value is 0.12 ng/
ml. The coefficients of variance within and between assays 
were 8.0 and 13.1%, respectively.

Statistical analysis
To compare between both conceived and non-

conceived heifers within each treatment group, results of 
P4 concentration had statistically analyzed according to 
Snedecor and Cocharn (1980) and statistical model: 

Yij = A + Bi + eij.
Where; Yij is Observed values; A is Overall mean; 

Bi is Cows (conceived and non-conceived); eij is Random 
error.
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Chi-square was used to test the differences in 
conception rate among treatment protocols. Duncan 
Multiple Range Test (Duncan, 1955) was utilized to 
determine the mean separations among treatment protocols 
for total cost/animal.

RESULTS AND DISCUSSION

Oestrus and pregnant rate
Results in Table I showed that use of the PG2α-GnRH 

and OvSynch protocols in high or low fertility cows 
regimen were effective in increasing oestrus response 
90, 70, 100 and 80% in G1, G2, G3 and G4, respectively. 
However, average days from calving to 1st AI and treatment 
were not significant in all groups.

Table I. Reproductive evaluation and economic 
efficiency of different hormonal treatments. 

Item Hormonal protocol
G11 G22 G33 G44

Treated animals (n) 10 10 10 10
Average days from 
calving to 1st AI

69.6±6.4 79.8±7.1 69.5±7.6 78.8±6.2

Estrus rate (%) 90 70 100 80
Pregnant animals (n) 8 6 5 6
Pregnancy rate (%) 80a 60b 50b 60b

1 and 2: PGF2α-GnRH protocol of high or low fertility cows, respectively. 
3 and 4: OvSynch protocol of high or low fertility cows, respectively. 

a and b: Within a single row, the means with varied superscripts differ 
considerably at (P0.05).

Results of this treatment revealed that 8, 6, 5 and 
4 treated cows out of 10 cows were pregnant with the 
following rates 80%, 60%, 50% and 40%, in G1, G2, G3, 
and G4, respectively (Table I). In similar pattern to the 
obtained results, the GnRH injection at oestrus increased 
conception rate (CR) from 41.3 to 55.5% compared to the 
control and this effect could be attributed to prevention of 
ovulation failure (Kaim et al., 2003; Nakao et al., 1984). 
The combined treatment with GnRH and PGF2α improved 
pregnancy rates in poor fertility cows when compared 
to untreated controls (Peters, 2005; Ahuja et al., 2005). 
Santos et al. (2008) found that, more than 90% of cycling 
cows responded positively to the second PGF2α treatment, 
when two injections of PGF2α have given 10 to 14 days 
apart. The use of PGF2 can shorten the time between 
observed estrous cycles and increase the accuracy of estrus 
detection (Pursley et al., 2001).

Among the numerous dairy farmers who employ the 
OvSynch procedure followed by a fixed time of AI at 16 h 
following the second GnRH injection, about 87% of GnRh 

treated cows induced ovulation after the second injection of 
GnRH (Martel, 2008). The OvSynch protocol promotes the 
release of LH following the 1st and 2nd injections of GnRH, 
and the response rate of ovulation was 64% and 92%, 
respectively, when GnRH was delivered at various stages 
of the estrus cycle (Vasconcelos et al., 1999). The ideal 
outcome of the OvSynch regimen is somewhat dictated 
by the estrous cycle stage at which therapy is commenced 
(Cartmill et al., 2001). The increase of CR resulted to 
GnRH treatment was favorable (Kaim et al., 2003). The 
second LH peak did not increase the spontaneously when 
GnRH injected at AI (Ryan et al., 1994). Pregnancy rates 
were significantly greater in OvSynch protocols compared 
to cows treated with PGF2 14 days apart (Momcilovic et 
al., 1998; Moreira et al., 2001).

Progesterone concentration
Concentrations of P4 in serum of high or low fertility 

cows (pregnant and non-pregnant) treated with GnRH 
protocol have presented in Table II. At AI (oestrus), the 
P4 content in G1 or G2 was considerably (P0.05) lower 
in pregnant cows than in non-pregnant cows but was 
significantly higher in pregnant cows at 7, 14, and 24 
days-post-AI. Nonetheless, during pre-treatment, P4 
concentrations were not significant in any animals. In 
spite the observed GnRH injections pronouncedly were 
increased P4 concentration in pregnant than in non-
pregnant at days 7, 14 and 24 post-treatment (Table II). The 
incidence of pregnancy in pregnant cows were indicated 
on day 24 post-insemination, whereas P4 concentration 
was 9.723 and 11.503 ng/ml in pregnant versus P4 than 
2.014 and 4.399 ng/ml in non-pregnant cows in G1 and 
G2, respectively. In accordance with increase P4 level 
of G1 and G2 at oestrus in non-pregnant cows than in 
pregnant cows.

In similarity with the present results, El-Moghazy 
(2003) mentioned that P4 concentration was almost higher 
than 1 ng/ml in pregnant and less than 1 ng/ml in those 
failed to conceive. Similarly, Mee et al. (1993) reported 
that GnRH raised blood P4 levels in repeat breeder 
cows, which could be a factor in these cows’ increased 
conception rates. The sharp reduction in P4 concentration 
in non-return/non-conceived cows’ post-treatment may be 
relate to failure in embryo implantation or early embryonic 
mortality. In this respect, Moore et al. (2005) discovered 
reduced serum P4 concentrations in conjunction with 
embryo loss between days 24 and 28.

The present results regarding OvSynch protocol 
indicated better in high fertility cows and similar results 
of treatment with GnRH protocol, which may indicate the 
main problem in incidence of low fertility cases as result 
of distrusting the time between onset of oestrus, ovulation, 
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and insemination. In this respect, many authors have 
GnRH-induced ovulation, it has been proposed, may give 
better synchronization between insemination and ovulation 
(Stevenson, et al., 1988; Abu El-Hamd et al., 2014). In 
this respect, Peters (2005) proposed utilizing GnRH as a 
‘holding’ hormone on the day of insemination to increase 
the probability of a successful pregnancy, particularly in 
cows.

Concerning P4 profile pre- during and post-treatment 
of protocol 1 and 2 were results presented in Table II show 
that pre-treatment P4 concentrations in pregnant and non-
pregnant tended to be similar in high or low fertility cows. 
However, the 1st GnRH injections insignificantly increased 
P4 concentration in pregnant and non-pregnant high or 
low fertility cows. After PGF2α injection, a regression of 
the functional CL occurred and then P4 sharply reduced in 

pregnant and non-pregnant cows. These levels were just 
marginally lower in non-pregnant cows than pregnant cows 
(Table II). In all groups, at the second GnRH injection, 
pregnant cows had non-significantly lower progesterone 
levels than non-pregnant cows. Post-2nd GnRH injections 
induced growing of dominant follicle, which ovulated 
within 24 h, and resulted in an average 24-h increase in 
P4 concentrations compared to mice receiving only a 
GnRH-PGF2 regimen (Peters et al., 1999). At oestrus P4 
concentration P4 was decreased significantly in pregnant 
0.250, 0.383, 0.213 and 0.208 in G1, G2, G3 and G4, 
respectively than non-pregnant of high or low fertility 
in 1.611, 1.225, 1.426 and 2.624, respectively (Table II). 
Generally, the obtained high pregnancy rate in this study has 
attributed to an appropriate time of oestrus incidence and 
consequently good time of insemination and fertilization.

Table II. Progesterone levels (ng/ml±SEM) of the pregnant and non-pregnant animals in the treated and control 
groups.

Time Items Treatments
G11 G22 G33 G44

Pre-treatments
Pregnant 2.542±0.4 3.235±0.5 2.441±03 2.625±0.4
Non-pregnant 2.754±0.2 2.426±0.4 2.895±0.4 2.545±0.3

During treatments
Day -37 Pregnant - - 3.751±0.5 4.245±0.6

Non-pregnant - - 3.021±0.6 3.526±0.4
Day -21 Pregnant 2.536±0.4 2.865±0.3 3.265±0.5 3.254±0.7

Non-pregnant 3.254±0.2 2.965±0.4 2.365±0.3 2.315±0.3
Day -14 Pregnant 3.254±0.3 2.789±0.3 2.985±0.4 3.265±0.6

Non-pregnant 3.658±0.5 2.874±0.5 3.124±0.5 3.965±0.5
Day -7 Pregnant 2.643±0.6 2.547±0.4 2.403±0.5 2.821±0.7

Non-pregnant 3.542±0.4 4.340±0.5 3.208±0.4 2.285±0.3
Day -1 Pregnant 1.432±0.5 1.041±0.3 1.081±0.5 0.987±0.5

Non-pregnant 3.243±0.6 3.483±0.5 3.684±0.3 3.281±0.4
At artificial insemination
At oestrus Pregnant 0.250±0.1b 0.383±0.1b 0.213±0.2b 0.208±0.1b

Non-pregnant 1.611±0.2a 1.225±0.2a 1.426±0.3a 2.624±0.3a

Post-treatments
Day 7 Pregnant 9.858±0.6a 10.715±0.6a 11.013±0.8a 9.839±0.5a

Non-pregnant 4.246±0.5b 5.021±0.5b 3.167±0.7bc 3.103±0.4b

Day 14 Pregnant 9.875±0.4a 11.207±0.6a 10.573±0.6a 10.855±0.5a

Non-pregnant 3.178±0.6bc 3.980±0.5 3.928±0.7b 2.591±0.4b

Day 24 Pregnant 11.230±0.8a 11.103±0.5a 11.350±0.6a 11.250±0.7a

Non-pregnant 1.814±0.6c 3.959±0.6b 2.628±0.5c 2.672±0.5b

For explanation of superscripts, see Table I.
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Generally, pregnancy of cows had indicated by P4 
profile on day 7, 14 and 24 post-mating being significantly 
(P<0.001) highest (11.013, 10.573 and 11.350 ng/ml in 
G3 and 9.839, 10.855 and 11.250 in G4, respectively) 
in pregnant than non-pregnant cows in G3 (3.176, 3.928 
and 2.628 ng/ml and G4 (3.103, 2.591 and 2.672 ng/ml, 
respectively, Table II). The pregnant animals had serum 
P4 concentrations of about 9 to 11.5 ng/ml during luteal 
phase, which were comparable to luteal concentrations 
reported by Foster et al. (1997) from 11-18 day of 
oestrous cycle. The use of one more protocol of estrus 
synchronization plays a positive role in boosting ovulation 
synchrony. However, the second GnRH injection has a 
synchronization influence, whereas the 1st GnRH injection 
has the effect of lengthening the luteal phase in late-cycle 
treated animals (Peters, 2005). Finally, the preovulatory 
LH surge that initiates ovulation occurs within an 8-h 
window beginning around 24 h after the injection, 48 h 
after the PGF2α injection, a second GnRH injection is 
performed (Pursley et al., 1995). Progesterone is a critical 
hormone in maintaining pregnancy in cows throughout 
early pregnancy, therefore higher levels of progesterone 
are linked to embryo development, increased interferon 
production, and higher pregnancy rates (Beltman et al., 
2009). On day 5 post-ovulation, low systemic progesterone 
levels had a detrimental effect on pregnancy rates (Shams-
Esfanabad and Shıraz, 2006; Larson et al., 2007).

Comparison among protocols
From the reproductive point of view, 14 out of 20 treated 

Friesian high fertility cows (70%) and 11 out of 20 treated 
Friesian low fertility cows (55%) were pregnant using all 
hormonal protocols, being the highest in PGF2α-GnRH 
timed AI protocols (80%) in high fertility cows, moderate 
(60%) in OvSynch protocol of high or low fertility cows and 
the lowest (50%) in PGF2α-GnRH protocol of low fertility 
cows. In addition, the economic evaluation indicated that 
PGF2α-GnRH timed AI protocols were the least expensive 
(L.E. 65/animal), whereas the OvSynch protocol was the 
most expensive (L.E 95/animal) (Table III).

 
CONCLUSION

The current study indicated that some differences 
between protocols and average P4 concentration during 
oestrous cycle, being with higher values in pregnancy 
rate in high fertility cows. Repeat breeder cows treated by 
PGF2α-GnRH- PGF2α-GnRH timed AI protocols improved 
their reproductive performance. From the economic point 
of view, PGF2α-GnRH- PGF2α-GnRH timed AI protocol 
showed the best results (pregnancy rate and moderate 
costs) compared to the OvSynch protocol.

Table III. Reproductive evaluation and economic 
efficiency of different protocols treatment.

Time Treatments
G11 G22 G33 G44

Reproductive evaluation of treatment
Treated animals (n) 10 10 10 10
Conceived animals (n) 6 5 7 8
Non conceived (n) 4 5 3 2
Conception rate (%) 40 50 70 80
Economic efficiency of treatment
Treatment period (day) 28 28 37 37
Price of 1st injection (L.E) 25 25 15 15
Price of 2nd injection (L.E) 15 15 15 15
Price of 3rd injection (L.E) 25 25 25 25
Price of 4rd injection (L.E) - - 15 15
Price of 5rd injection (L.E) - - 25 25
Total cost of protocol (L.E/
animal)

65±1.1b 65±2.1b 95±1.1a 95±1.1a

For explanation of superscripts, see Table I.

ACKNOWLEDGEMENTS 

We thank lab members of Sakha Animal Produc� tion 
Research Station, Animal Production Research Institute, 
Agricultural Research center, Ministry of Agriculture 
for helping us during sampling and evaluation of blood 
parameters.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abu El-Hamd, M.A., Metwally, A.M., Bassiouni, 
M.I., Eldiehy, Y.M. and El-Gendy, M.A., 2014. 
Improvement fertility on repeat breeder Friesian 
cows with hormonal treatments. J. Agric. Sci. Kafer 
Kl-Sheikh Univ., 41: 434-452.

Ahuja, C., Montiel, F., Canseco, R., Silva, E. and 
Mapes, G., 2005. Pregnancy rate following GnRH 
+PGF2α treatment of low body condition, anestrous 
Bos taurus by Bos indicus crossbred cows during 
the summer months in a tropical environment. 
Anim. Reprod. Sci., 63: 202–213. https://doi.
org/10.1016/j.anireprosci.2004.12.002

APRI, 2002. Recommendation of the Animal Production 
Research Institute.

Bage, R., 2002. On repeat breeding in dairy heifers, with 

https://doi.org/10.1016/j.anireprosci.2004.12.002
https://doi.org/10.1016/j.anireprosci.2004.12.002


2330                                                                                        

 

M.A. El-Hamd et al.

special focus on follicular dynamics, ovulation and 
oocyte quality. Ph. D. thesis. Swedish University of 
Agricultural Sciences Uppsala.

Bage, R., Gustafsson, H., Forsberg, M., Larsson, B., 
and Rodryguez-Martynez, H., 1997. Suprabasal 
progesterone levels in repeat-breeder heifers during 
the pro- and oestrus-period. Theriogenology, 
47: 141–142. https://doi.org/10.1016/S0093-
691X(96)00348-2

Beltman, E.M., Lonergan, P., Dıskın, G.M., Roche, F.J. 
and Crowe, A.M., 2009. Effect of progesterone 
supplementation in the first week post conception 
on embryo survival in beef heifers. Theriogenology, 
71: 1173-1179. https://doi.org/10.1016/j.
theriogenology.2008.12.014

Cartmill, J.A., El-Zarkouny, S.Z., Hensley, B.A., Lamb, 
G.C. and Stevenson, J.S., 2001. Stage of cycle, 
incidence, and timing of ovulation, pregnancy 
rates in dairy cattle after three timed breeding 
protocols. J. Dairy Sci., 84: 1051-1059. https://doi.
org/10.3168/jds.S0022-0302(01)74565-1

Dolezel, R.S., Zajic, J. and Havlicek, V., 2002. Oestrus 
synchronization by PGF2α and GnRH in Intervals 
according to stage of follicular development at time 
of initial treatment in Cows. Acta Vet. Brno, 71: 101–
108. https://doi.org/10.2754/avb200271010101

Duncan, D.B., 1955. Multiple rang and multiple 
F test. Biometrics, 11: 1-42. https://doi.
org/10.2307/3001478

El-Moghazy, M.M.M., 2003. Physiological studies 
on the postpartum reproductive performance in 
buffaloes. Ph.D. thesis, Fac. Agric., Mansoura 
Unive., Egypt.

Foster, B.A., Gingrich, J.R., Kwon, E.D., Madias, 
C. and Greenberg, N.M., 1997. Characterization 
of prostatic epithelial cell lines derived from 
transgenic adenocarcinoma of the mouse prostate 
(TRAMP) model. Cancer Res., 57: 3325–3330.

Kaim, M.A., Bloch, D., Wolfenson, R., Braw-Tal, M., 
Rosenberg, H. and Folman, Y., 2003. Effects of 
GnRH Administered to cows at the onset of estrus 
on timing of ovulation, endocrine responses, and 
conception. J. Dairy Sci., 86: 2012–2021. https://
doi.org/10.3168/jds.S0022-0302(03)73790-4

Larson, F.S., Butler, R.W. and Currıe, B.W., 2007. 
Pregnancy rates in lactating dairy cattle following 
supplementation of progesterone after artificial 
insemination. Anim. Reprod. Sci., 102: 172-179. 
https://doi.org/10.1016/j.anireprosci.2007.02.023

Martel, C.A., 2008. Fertility after timed artificial 
insemination response to acontrolled internal 
drug release (CIDR) insert in lactating dairy 

cows. M.Sc. thesis, Faclty of Manhattan; Kansas 
State University. https://doi.org/10.4148/2378-
5977.3156

Mee, M.O., Stevenson, J.S., Alexander, B.M. and Sasser, 
R.G., 1993. Administration of GnRH at estrus 
influences pregnancy rates, serum concentration 
of LH, FSH, estradiol-17β, pregnancy specific 
protein B, and progesterone, proportion of luteal 
cell types, and in vitro production of progesterone 
in dairy cows. J. Anim. Sci., 71: 185–198. https://
doi.org/10.2527/1993.711185x

Momcilovic, D., Archibald, L.F., Walters, A., Tran, T., 
Kelbert, D., Risco, C. and Thatcher, W.W., 1998. 
Reproductive performance of lactating dairy cows 
treated with gonadotropin-releasing hormone 
(GnRH) and/or prostaglandin F2α (PGF2α) 
for synchronization of estrus and ovulation. 
Theriogenology, 50:1131-1139. https://doi.
org/10.1016/S0093-691X(98)00214-3

Moore, D.A., Overton, M.W., Chebel, R.C., Truscott, 
M.L. and BonDurant, R.H., 2005. Evaluation of 
factors that affect embryonic loss in dairy cattle. 
J. Amin. Vet. med. Assoc., 226: 1112–1118. https://
doi.org/10.2460/javma.2005.226.1112

Moreira, F.C., Orlandi, A., Risco, C., Mattos, R., 
Lopes, F. and Thatcher, W.W., 2001. Effect of 
presynchronization and bovin somatotropin on 
pregnancy rates to a timed artificial insemination 
protocol in lactating dairy cows. J. Dairy Sci., 
84:1646-1659. https://doi.org/10.3168/jds.S0022-
0302(01)74600-0

Moreira, F., Risco, C.A., Pires, M.F., Ambrose, J.D., 
Drost, M., DeLorenzo, M. and Thatcher, W.W., 
2000. Effect of body condition on reproductive 
efficiency of lactating dairy cows receiving a timed 
insemination. Theriogenology, 53: 1305–1319. 
https://doi.org/10.1016/S0093-691X(00)00274-0

Nakao, T., Shirakawa J., Tsurubayashi M., Oboshi, K., 
Sawamukai Y., Saga, N. Tsunoda N. and Kawata 
K., 1984. Apreliminary report on the treatment 
of ovulation failure in cows with gonadotrophin-
releasing hormone analog or human chorionic 
gonadotrophin combined with insemination. 
Anim. Reprod. Sci., 7: 489–495. https://doi.
org/10.1016/0378-4320(84)90053-8

Nebel, R.L. and Jobst, S.M., 1998. Evaluation of 
systematic breeding programmes for lactating cows: 
A review. J. Dairy Sci., 81: 1169-1174. https://doi.
org/10.3168/jds.S0022-0302(98)75679-6

Peters, A.R., 2005. Veterinary clinical application 
of GnRH questions of efficacy. Anim. Reprod. 
Sci., 88: 155–167. https://doi.org/10.1016/j.

https://doi.org/10.1016/S0093-691X(96)00348-2
https://doi.org/10.1016/S0093-691X(96)00348-2
https://doi.org/10.1016/j.theriogenology.2008.12.014
https://doi.org/10.1016/j.theriogenology.2008.12.014
https://doi.org/10.3168/jds.S0022-0302(01)74565-1
https://doi.org/10.3168/jds.S0022-0302(01)74565-1
https://doi.org/10.2754/avb200271010101
https://doi.org/10.2307/3001478
https://doi.org/10.2307/3001478
https://doi.org/10.3168/jds.S0022-0302(03)73790-4
https://doi.org/10.3168/jds.S0022-0302(03)73790-4
https://doi.org/10.1016/j.anireprosci.2007.02.023
https://doi.org/10.4148/2378-5977.3156
https://doi.org/10.4148/2378-5977.3156
https://doi.org/10.2527/1993.711185x
https://doi.org/10.2527/1993.711185x
https://doi.org/10.1016/S0093-691X(98)00214-3
https://doi.org/10.1016/S0093-691X(98)00214-3
https://doi.org/10.2460/javma.2005.226.1112
https://doi.org/10.2460/javma.2005.226.1112
https://doi.org/10.3168/jds.S0022-0302(01)74600-0
https://doi.org/10.3168/jds.S0022-0302(01)74600-0
https://doi.org/10.1016/S0093-691X(00)00274-0
https://doi.org/10.1016/0378-4320(84)90053-8
https://doi.org/10.1016/0378-4320(84)90053-8
https://doi.org/10.3168/jds.S0022-0302(98)75679-6
https://doi.org/10.3168/jds.S0022-0302(98)75679-6
https://doi.org/10.1016/j.anireprosci.2005.05.008


2331                                                                                        

 

Improving Fertility in Friesian Cows 2331

anireprosci.2005.05.008
Peters, A.R., Ward, S.J., Warren, M.J., Gordon, P.J., 

Mann, G.E. and Webb, R., 1999. Ovarian and 
hormonal responses of cows to treatment with an 
analogue of gonadotrophin releasing hormone 
and PGF2α. Vet. Res., 144: 343–346. https://doi.
org/10.1136/vr.144.13.343

Pursley, J.R., Mee, M.O. and Wiltbank, M.C., 1995. 
Synchronization of ovulation in dairy cattle using 
GnRH and PGF2α. Theriogenology, 44: 915-923. 
https://doi.org/10.1016/0093-691X(95)00279-H

Pursley, J.R., Fricke, P.M., Garverick, H.A., Kesler, D.J., 
Ottobre, J.S., Stevenson, J.S. and Wiltbank, M.C., 
2001. Improved fertility in noncycling lactating 
dairy cows treated with exogenous progesterone 
during Ovsynch. J. Dairy Sci., 83: 1563.

Ryan, D.P., Snijders, S., Condon, T., Grealy, M., 
Sreenan, J., and O’Farrell, K.J., 1994. Endocrine 
and ovarian responses and pregnancy rates in 
dairy cows following the administration of a 
gonadotrophin releasing hormone analog at the 
time of artificial insemination or at mid-cycle 
postinsemination. Anim. Reprod. Sci., 34: 179–191. 
https://doi.org/10.1016/0378-4320(94)90015-9

Santos, J.E.P., Rutigliano, H.M. and Sa Filho, M.F., 
2008. Risk factors for resumption of postpartum 
estrous cycles and embryonic survival in lactating 
dairy cows. Anim. Reprod. Sci., 110: 207–221. 
https://doi.org/10.1016/j.anireprosci.2008.01.014

Shams-Esfanabad, N. and Shıraz, A., 2006. Effects of 

supplementation of repeat-breeder dairy cows with 
CIDR from 5-19 post-insemination on pregnancy 
rate. Pak. J. biol. Sci., 9: 2173-2176. https://doi.
org/10.3923/pjbs.2006.2173.2176

Snedecor, G.W. and Cochran, W.G., 1980. Statistical 
methods. 7th Ed. Allied Pacific, Bomobay.

Stevenson, J.S. and Pursley, J.R., 1994. Use of milk 
progesterone and prostaglandin F2α in a scheduled 
artificial insemination program. J. Dairy Sci., 
77: 1755. https://doi.org/10.3168/jds.S0022-
0302(94)77116-2

Stevenson, J.S., Frantz, K.D. and Call, E.P., 1988. 
Conception rates in repeat-breeders and dairy 
cattle with unobserved estrus after prostaglandin 
F2 alpha and gonadotropin- releasing hormone. 
Theriogenology, 29: 451-460. https://doi.
org/10.1016/0093-691X(88)90247-6

Vasconcelos, J.L.M., Silcox, R.W., Pursley, J.R. and 
Wiltbank, M.C., 1999. Synchronization rate, 
size of ovulatory follicle; and pregnancy rate 
after synchronization of ovulation beginning on 
different days of the estrous cycle in lactating dairy 
cows. Theriogenology, 52: 1067–1078. https://doi.
org/10.1016/S0093-691X(99)00195-8

Yaniz, J.L., Lopez, K. and Gatiusf, F., 2004. Recent 
developments in oestrous synchronization of 
postpartum dairy cows with and without ovarian 
disorders. Reprod. Domes. Anim., 39: 86-93. 
https://doi.org/10.1111/j.1439-0531.2004.00483.x

https://doi.org/10.1016/j.anireprosci.2005.05.008
https://doi.org/10.1136/vr.144.13.343
https://doi.org/10.1136/vr.144.13.343
https://doi.org/10.1016/0093-691X(95)00279-H
https://doi.org/10.1016/0378-4320(94)90015-9
https://doi.org/10.1016/j.anireprosci.2008.01.014
https://doi.org/10.3923/pjbs.2006.2173.2176
https://doi.org/10.3923/pjbs.2006.2173.2176
https://doi.org/10.3168/jds.S0022-0302(94)77116-2
https://doi.org/10.3168/jds.S0022-0302(94)77116-2
https://doi.org/10.1016/0093-691X(88)90247-6
https://doi.org/10.1016/0093-691X(88)90247-6
https://doi.org/10.1016/S0093-691X(99)00195-8
https://doi.org/10.1016/S0093-691X(99)00195-8
https://doi.org/10.1111/j.1439-0531.2004.00483.x

