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Summary 

Mashayekhi, M. & M. Goli, 2025. Effects of different doses of human chorionic gonadotro-
pin at timed artificial insemination on the fertility of lactating dairy cows. Bulg. J. Vet. Med. 
(online first). 
 
The aim was to investigate the effects of administering GnRH and low (1650 IU) or high (3300 IU) 
doses of human chorionic gonadotropin (hCG) at timed artificial insemination (TAI) on the rates of 
ovulation and pregnancy in lactating dairy cows. Forty-seven multiparous lactating dairy cows (par-
ity: 2 to 5; days in milk: 55±1) received a controlled internal drug release (CIDR) insert and 25 μg of 
GnRH intramuscularly on Day –10. On Day –3, the CIDRs were removed and 500 μg of cloprostenol 
sodium was administered intramuscularly. On Day –1, all animals were administered another dose of 
GnRH and inseminated 16-18 h later (Day 0). At TAI, the animals allocated randomly to the follow-
ing groups: SALINE (n=12) which received 5 mL of sterile normal saline intramuscularly (i.m.), 
GNRH (n=11) which received 25 µg of GnRH i.m., L-HCG (n=12) treated with 1650 IU of hCG i.m., 
and H-HCG (n=12) treated with3300 IU of hCG i.m.. The animals were examined by transrectal ul-
trasonography on Days –1, 0 and 1 to identify and record follicle(s) ≥ 8 mm in diameter and ovula-
tion, and on Days 30 and 60 to determine conception and pregnancy rates, respectively. Ovulation 
was defined as the disappearance (from one scanning session to the next) of a previously identified 
follicle ≥ 8 mm in diameter. Blood samples were collected from the jugular vein of all animals into 
vacuum tubes without anticoagulants on Days 0, 6 and 12 for progesterone assay. The results demon-
strated no significant differences in the mean progesterone concentrations at days 0, 6 and 12, and 
also in conception and pregnancy rates to the first insemination among the groups, although admini-
stration of gonadotropins resulted in numerically greater conception and pregnancy rates by 
16.741% compared to SALINE. However, ovulation rate was greater in H-HCG compared to 
SALINE (P<0.05). In conclusion, it was demonstrated that administering GnRH or hCG at TAI, re-
gardless of low or high doses, resulted in nonsignificant improvement in conception and pregnancy 
rates in lactating dairy cows synchronised with the Ovsynch protocol combined with CIDR. 

Key words: controlled internal drug release device, dairy cow, human chorionic gonad-
otropin, Ovsynch 
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INTRODUCTION 

Over the last decade, there has been an 
increasing interest in developing new syn-
chronisation protocols with timed artifi-
cial insemination (TAI) to improve repro-
ductive efficiency in the dairy industry 
(Liu et al., 2018). Despite the enormous 
amount of research and the rapid adoption 
of newly developed approaches during the 
last 20 years, pregnancy per AI (P/AI) in 
lactating dairy cows has remained low 
(Motavalli et al., 2017). The Ovsynch 
protocol is the most prevalent GnRH 
based protocol for synchronising the time 
of ovulation which is extensively applied 
in dairy farms (El-Tarabany & El-
Tarabany, 2015). However, 40–60% of 
treated animals do not become pregnant at 
the time of TAI (De Rensis et al., 2008a). 
Some reasons for this could include fail-
ure to ovulate, mistiming of AI resulting 
in reduced fertilisation and pregnancy 
rates (PRs), reduced secretion of proges-
terone (P4) in the period after AI, and 
greater embryonic mortality (Rowe et al., 
2019). One strategy that has been em-
ployed during TAI protocols, particularly 
in animals that do not express oestrus 
prior to AI, is to give GnRH at the time of 
AI to assure that all animals have a lu-
teinising hormone (LH) surge, theoreti-
cally reducing the percentage of animals 
with no ovulation or delayed ovulation 
(Madureira et al., 2020). However, an-
other factor that may lead to the failure of 
TAI could be related to the use of GnRH 
to induce ovulation (De Rensis et al., 
2008a). It has been evidenced that the 
efficacy of GnRH-based synchronisation 
protocols is affected by a wide range in 
interval to ovulation (Zwiefelhofer et al., 
2020). In effect, it has been observed that 
a single dose of a GnRH-analogue 
(buserelin) induces an LH surge that lasts 

for about 5 h, which is approximately half 
the duration of a naturally occurring LH 
surge (De Rensis et al., 2008a). The re-
duced LH surge may induce incomplete 
development of the ovulatory follicle and 
its oocyte and the formation of a less func-
tional corpus luteum (CL) (De Rensis et 
al., 2008b). It has been documented that 
P4 is a crucial hormone in reproductive 
events related to the establishment and 
maintenance of pregnancy in cattle 
(Cunha & Martins, 2022). As a result, 
there is a great interest to investigate syn-
chrony programmes that may improve 
P/AI for TAI (Rowe et al., 2019). In this 
regard, human chorionic gonadotropin 
(hCG) treatment has been applied at vari-
ous times relating to AI in order to over-
come these drawbacks, but the results 
have been inconsistent (Stevenson & Pul-
ley, 2012; Alnimer & Shamoun, 2015; 
Schmitz et al., 2017; Šuluburić et al., 
2017; Niles et al., 2019;  Zolini et al., 
2019; Agarwal et al., 2021; Garcia-Ispierto 
et al., 2021a; Zheng et al., 2021; Cunha & 
Martins, 2022) which may be partly due 
to different hCG doses or days of admini-
stration used in different studies and partly 
to breed differences and other factors in-
cluding parity, days in milk, and total milk 
production (Agarwal et al., 2021). 

Human chorionic gonadotropin has a 
potent LH-like effect in cattle, extends the 
life span of the CL, increases P4 synthesis 
and induces ovulation throughout the es-
trous cycle (Garcia-Ispierto et al., 2018). 
Human chorionic gonadotropin and 
GnRH treatments have similar effects on 
the ovary, inducing ovulation and the 
formation of accessory CLs with a signifi-
cant increase in plasma P4 concentrations 
achieved 7 days after treatment (Canadas 
et al., 2019). As opposed to the pituitary-
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mediated mechanism of action of GnRH, 
hCG triggers ovulation by binding directly 
to LH receptors in the follicle (Giordano 
et al., 2012a; Garcia-Ispierto et al., 
2021a), therefore induces ovulation and 
exerts a luteotropic effect (De Rensis et 
al., 2010). In dairy cows, plasma LH con-
centrations are markedly increased for 30 
h after hCG administration and do not 
return to baseline concentrations for 66 h 
(De Rensis et al., 2010). Thus, hCG 
seems to be one of the most potent drugs 
to induce ovulation in cattle and as a 
luteotropic agonist (Cunha & Martins, 
2022). It has been reported that supple-
mentary injection of hCG given at the 
time of mating in the ewe and cow may 
improve embryo viability and therefore 
fertility (De Rensis et al., 2008a).  

To our knowledge, there is no com-
parative study on the effect of administer-
ing two different doses of hCG at the time 
of TAI on the fertility of lactating dairy 
cows; therefore, the aim of the present 
study was to evaluate the effect of low and 
high doses of hCG at TAI on fertility and 
serum P4 concentrations in lactating dairy 
cows during the cool months of the year. 
The hypothesis was that doubling the dose 
of hCG at TAI will improve the reproduc-
tive efficiency of lactating dairy cows. 

MATERIALS AND METHODS 

Ethical approval 

All the procedures of the present study 
were approved by the Research Ethics 
Committee of Razi University, Kerman-
shah, Iran (Approval ID: IR.RAZI.REC. 
1400.032/03-03-2021). 

Animals and location 

Lactating Holstein cows (n=47; parity: 
2.4±0.75; days in milk: 55.35±3.25; body 

condition score (BCS): 2.45±0.15 on a 
scale of 1–5) on a commercial dairy farm 
located in the west of Iran were enrolled 
in this study regardless of being observed 
in oestrus or not postpartum. In order to 
avoid the influence of heat stress on the 
reproductive performance of the cows, the 
study was conducted during the regional 
cool months of the year. Cows were 
housed in barns with open-air and shel-
tered areas, had free access to fresh water, 
fed a mixed diet adjusted to provide their 
requirements and milked three times daily 
with average 8-hour interval and had an 
average daily milk yield of 22.47±3.86 kg 
during the study. The reproductive tracts 
and mammary glands of the cows were 
examined by inspection and manual pal-
pation for evidence of any clinical abnor-
malities before initiation of the experi-
ment. Cows that were clinically normal 
were enrolled in the experiment. Milk 
production, days in milk, BCS and parity 
on the day of starting treatments did not 
differ between treatments. 

Experimental design   

Estrous cycles were synchronised by in-
travaginal insertion of a controlled inter-
nal drug release (CIDR; Abureyhan 
pharma Co., Veterinary Division, Tehran, 
Iran) device containing 1.9 g of P4, which 
was remained in place for 7 days, an in-
tramuscular administration of 25 μg of a 
GnRH analog (Alarelin acetate, Vetaro-
line, 10 mL vial, 5 µg/mL, Abureyhan 
pharma Co., Veterinary Division, Tehran, 
Iran) at device insertion, an intramuscular 
administration of 500 μg of a PGF2α ana-
log (D-cloprostenol sodium, D-clo PG, 
10-mL vial, 0.025 mg/mL, Royan darou 
Co., Veterinary Division, Semnan, Iran) at 
device removal, and another intramuscular 
administration of 25 μg of GnRH 56 h 
after the device removal. Cows were in-
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seminated (TAI) 16 to 18 h after the sec-
ond GnRH. At TAI (d 0), cows were ran-
domly allocated to receive 5 mL of nor-
mal saline (SALINE), 25 μg of GnRH 
(GNRH), 1650 IU of hCG (L-HCG; Cho-
rulon; Intervet, Dublin, Ireland) or 3300 
IU of hCG (H-HCG) via intramuscular 
injection. The hCG vials used in the pre-
sent experiment contained 5000 IU hCG, 
so a solution of each vial was made by 
adding 10 mL of sterile distilled water and 
3.3 mL of the solution (1650 IU hCG) was 
administered to each cow allocated to L-
HCG group. For the cows allocated to H-
HCG group that received 3300 IU hCG, 
10 mL of sterile distilled water was added 
to two hCG vials and 3.3 mL of the solu-
tion (3300 IU hCG) was administered to 
each cow. 

Ovarian ultrasonography 

The ovaries of all animals were scanned 
by transrectal ultrasonography (EMP V9 
Veterinary Portable Diagnostic Ultra-
sound System, China) using a 7.5 MHz 
transducer on days 1, 0, and 1 in order to 
record the occurrence of ovulation. Ovula-
tion was defined as the disappearance 
(from one scanning session to the next) of 
a previously identified follicle ≥ 8 mm in 
diameter in either ovary (Núñez-Olivera et 
al., 2019; Cabrera et al., 2021). Ovulation 
rate (OR) was defined as the number of 
the cows in a group that ovulated until day 
1, divided by the total number of the ani-
mals in the corresponding group ×100. 

Blood sampling and hormone assays 

Blood samples (8 mL each) were col-
lected from the jugular veins of all ani-
mals by jugular venipuncture into blood 
collection vacuum tubes without antico-
agulant on days 0, 6 and 12 for P4 assay, 
transmitted to a laboratory within 1 h after 
collection in cool condition and allowed 

to coagulate for 2 h. Then, the samples 
were centrifuged at 3000×g for 15 min-
utes, the sera were loaded into 2-mL mi-
crotubes and stored at 20 oC until hor-
mone assay. Serum P4 concentrations 
assay was performed by ELISA method 
using commercial P4 kits (assay range: 
0.240 ng/mL; analytical range: 0.240 
ng/mL; sensitivity: 0.05 ng/mL; DiaMetra 
S.r.l., Spello – Perugia, Italy). The intra- 
and inter-assay coefficients for the kits 
were 6.5% and 7.2%, respectively. 

Pregnancy diagnosis 

Uterine horns of all animals were scanned 
by transrectal ultrasound on days 30±1 
and 60±1 post TAI to record pregnancy 
status. Conception rate (CR) was defined 
as the percentage of the cows in a group 
diagnosed as pregnant on day 30±1 post 
TAI divided by the total number of the 
animals in the corresponding group ×100. 
Pregnancy rate was defined as the per-
centage of the pregnant cows on day 60±1 
divided by the total number of the animals 
in the corresponding group ×100. 

Statistical analysis 

Data were analysed using SAS® software 
(Statistical Analysis System, Release 9.4. 
for Windows SAS Institute Inc., USA) by 
logistic regression method using PROC 
GENMOD to determine the probability of 
significant differences between treatments 
and occasions. Chi-square (χ2) statistics 
was used to assess the difference between 
the groups. The level of significance was 
P≤0.05. Differences with 0.05<P≤0.10 
were interpreted as tendencies. 

RESULTS  

The results of the blood P4 concentration 
assay are presented in Table 1. The differ-
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ences in mean±SD concentrations did not 
differ between the groups (P>0.05). 

The ovaries of all cows were scanned 
by ultrasound on days 1, 0, and 1 relative 
to TAI (day 0). The incidence of ovula-
tion and the number of animals that ovu-
lated between days 1 and 1 are presented 
in Table 2. The least and greatest inci-
dence of ovulations were observed in 
GNRH and L-HCG groups (45.4% and 

75.0%, respectively), which differed sig-
nificantly (P=0.0296). However, there was 
no significant differences between each of 
these two groups and the others (P>0.05).  

As seen from Table 2, the lowest and 
highest CRs confirmed by transrectal ul-
trasound on day 30±1 post TAI were ob-
served in SALINE (33.3%, 4/12) and H-
HCG (75.0%, 9/12) groups, respectively 
(P>0.05). 

Table 1. Serum progesterone concentrations (mean ± SD; ng/mL) on different occasions relative to 
timed artificial insemination (day 0) in lactating dairy cows synchronised with the Ovsynch protocol 
plus normal saline (SALINE), GnRH (GNRH), 1650 IU (L-HCG) or 3300 IU of human chorionic 
gonadotropin (H-HCG) at timed artificial insemination 

Day 12 Day 6 Day 0 Groups 

  1.31 ± 0.64 5.40 ± 1.78 4.03 ± 2.03 SALINE (n=12) 

  4.44 ± 0.82 5.02 ± 0.77 0.34 ± 0.09 GNRH (n=11) 

  4.01 ± 1.56 3.70 ± 1.82 2.86 ± 0.68 L-HCG (n=12) 

10.80 ± 2.64 4.29 ± 2.76 0.20 ± 0.00 H-HCG (n=12) 

 Legend: SALINE: Cows received the Ovsynch protocol (GnRH, 7 days, PGF2α, 56 hours, GnRH) 
and an intravaginal insertion of a controlled internal drug release (CIDR) device plus TAI and i.m. 
injection of 5 mL of normal saline 16–18 h after the second GnRH (GnRH2) of the Ovsynch proto-
col; GNRH: As SALINE except that the cows received 25 µg of GnRH i.m.instead of normal saline 
16–18 h after GnRH2; L-HCG: As SALINE except that the cows received 1650 IU of hCG i.m. in-
stead of normal saline 16–18 h after GnRH2; H-HCG: As SALINE except that the cows received 
3300 IU of hCG i.m. instead of normal saline 16–18 h after GnRH2. 

Table 2. Ovulation rate, conception rate (30±1 days after timed artificial insemination), and preg-
nancy rate (60±1 days after timed artificial insemination) in lactating dairy cows synchronised with 
the Ovsynch protocol plus normal saline (SALINE), GnRH (GNRH), 1650 IU (L-HCG) or 3300 IU 
of human chorionic gonadotropin (H-HCG) at timed artificial insemination 

Pregnancy (%) Conception (%) Ovulation (%) Groups 

33.3 (4/12) 33.3 (4/12) 58.3 (7/12)ab SALINE* (n=12) 

54.5 (6/11) 54.5 (6/11) 45.4 (5/11)a GNRH (n=11) 

50.0 (6/12) 50.0 (6/12) 75.0 (9/12)b L-HCG (n=12) 

75.0 (9/12) 75.0 (9/12) 66.7 (8/12)ab H-HCG (n=12) 

  
Legend: SALINE: Cows received the Ovsynch protocol (GnRH, 7 days, PGF2α, 56 hours, GnRH) 
and an intravaginal insertion of a controlled internal drug release (CIDR) device plus TAI and i.m. 
injection of 5 mL of normal saline 16–18 h after the second GnRH (GnRH2) of the Ovsynch proto-
col; GNRH: As SALINE except that the cows received 25 µg of GnRH i.m.instead of normal saline 
16–18 h after GnRH2; L-HCG: As SALINE except that the cows received 1650 IU of hCG i.m. in-
stead of normal saline 16–18 h after GnRH2; H-HCG: As SALINE except that the cows received 
3300 IU of hCG i.m. instead of normal saline 16–18 h after GnRH2. a,b Different superscript letters 
within a column denote significant difference (P≤0.05). 
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Ultrasound scanning of the uterine 
horns was performed on day 60±1 after 
TAI to determine PR. As presented in 
Table 2, the highest and lowest PRs were 
observed in H-HCG (75.0%, 9/12) and 
SALINE groups (33.3%, 4/12), respec-
tively (Table 2), but the difference was 
not statistically significant (P>0.05).  In 
other words, no pregnancy loss has oc-
curred between days 30±1 and 60±1 after 
TAI in all animals.   

DISCUSSION 

In the present study, the average milk 
yield had no significant effect on the rates 
of ovulation and pregnancy, which was in 
agreement with that of several other stud-
ies (Momcilovic et al., 1998; Chenault et 
al., 2014). It has been documented that 
milk yield and reproductive performance 
have no genetic correlation (Pryce et al., 
2004). Cunha & Martins (2021) reported 
that parity had no effect on ovulation re-
sponse in lactating Holstein and Jersey 
cows. According to the results of another 
study (Momcilovic et al., 1998), BCS and 
lactation number had no effect on CR and 
PR of lactating dairy cows underwent oes-
trus or ovulation synchronisation pro-
grams, which confirms the findings of the 
present study. Heuwieser et al. (1994) 
found conflicting results in CR of Holstein 
dairy cows received GnRH at breeding 
due to different parity and BCS. The au-
thors reported that all cows, regardless of 
parity, with a BCS<3.0 (on a 5-point 
scale; l=emaciated, 5=obese) at the first 
breeding will benefit from a GnRH injec-
tion. The authors concluded that efficacy 
of GnRH may not be consistent in all par-
ity and body condition groups. Ryan et al. 
(1991) reported that administering a 
GnRH analogue treatment to dairy cows at 
AI increased first service PRs and that the 

response was most evident in first parity 
cows. In the present study, administration 
of GnRH improved PR by 21.2% in lac-
tating cows compared to saline treatment, 
although the difference was not signifi-
cant. 

Conflicting results have been reported 
regarding the effect of GnRH or hCG on 
the reproductive efficiency in dairy cows. 
Some studies reported that administration 
of hCG resulted in greater ovulatory re-
sponses compared to GnRH (Stevenson et 
al., 2007; Buttrey et al., 2010), but others 
did not found such an improvement 
(Burns et al., 2008; Keskin et al., 2010). 
In a meta-analysis on 107 different trials 
from 52 publications, data from 18,082 
cows treated with hCG and GnRH be-
tween days 4 and 15 after AI were meta-
analysed. The results did not show any 
difference in P/AI between cows treated 
with hCG and cows treated with GnRH. 
Treatment with hCG at a dose above 
2,500 IU was associated with increased 
chances of P/AI compared with lower 
doses. The meta-analysis showed that the 
use of GnRH and hCG after AI should be 
focused on cows expected to have low or 
moderate fertility. Day and dose of treat-
ment have to be considered as well (Bes-
baci et al., 2020). In the present study, PR 
improved by 20.5% and 25% in cows re-
ceived a high dose of hCG (3300 IU) 
compared to those received GnRH or a 
low dose of hCG (1650 IU), respectively, 
although the differences were not signifi-
cant. The study by De Rensis et al. 
(2008a) reported that PR to AI failed to 
differ between the hCG treatment regime 
compared to the GnRH treatment regime; 
however, the cumulative PR was higher 
for hCG compared to GnRH during the 
warm period. Mohammadi et al. (2019) 
demonstrated that administration of buse-
relin acetate at the time of AI had no ef-
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fect on P/AI and pregnancy survival rate 
in dairy cattle under no heat stress condi-
tion. By contrast, Alves et al. (2021) af-
firmed that administering GnRH (busere-
lin acetate) at TAI improved P/AI in 
Nelore (Bos indicus) cows. Madureira et 
al. (2020) and Prata et al. (2020) also 
found improvement of fertility with ad-
ministering GnRH at AI in Nelore cows. 
In another study (Aboul-Ela & El-Keraby, 
1986), administration of a GnRH analog 
to Frisian cows at AI significantly im-
proved CR to the first insemination com-
pared to those receiving saline. Drew & 
Peters (1994) found that administering 
GnRH on the day of AI had no significant 
effects on fertility in comparison with 
untreated control cows. On the other hand, 
Madureira et al. (2020) reported that 
GnRH treatment at TAI increased fertility 
of cows that had been synchronised with a 
7-day P4-based program. Garcia-Ispierto 
et al. (2021b) reported that hCG treatment 
at AI can substantially improve CR of 
multiparous dairy cows at day 28 after 
TAI, even during heat stress periods com-
pared to GnRH treatment and no treat-
ment.  In contrast, De Rensis et al. (2002) 
found similar PR for GnRH or hCG after 
a synchronisation protocol in cyclic dairy 
cows. Perry & Perry (2009) found no im-
provement in CR or overall PR in beef 
heifers or cows after GnRH treatment at 
AI. Moreover, López-Gatius et al. (2006) 
reported a decreased probability of preg-
nancy after a single treatment of GnRH at 
AI in high-producing dairy cows when 
compared to double treatment (at AI and 
12 days later). It was elucidated that al-
though hCG and GnRH have similar ef-
fects on the ovary, the good conception 
response to hCG could mean that this 
hormone not only acts directly on the 
ovarian follicle, as opposed to GnRH, 
which acts via the hypophyseal-ovarian 

axis, but also on the CL, reducing early 
embryo losses. This may suggest that 
hCG, besides appropriately inducing ovu-
lation, also improves CL health, increas-
ing plasma P4 concentrations (Garcia-
Ispierto et al., 2021a). 

It has been documented that hCG use 
for synchronisation of ovulation in dairy 
and beef cattle thus far has produced vari-
able results, yielding increased, decreased, 
or similar rates of conception or preg-
nancy (Binversie et al., 2012). The effect 
of a single hCG dose on fertility is vari-
able and the authors in this field of work 
have reported an improved CR to first 
service or no improvement (De Rensis et 
al., 2008a). In the present study, the 
Ovsynch protocol was initiated regardless 
of the cyclicity of the cows or the stage of 
the ovarian cycle. Ovulation rate in the 
SALINE group was 58.3% but not signifi-
cantly different in relation to those in 
GNRH, L-HCG, and H-HCG groups 
(45.4%, 75%, and 66.7%, respectively). 
Liu et al. (2018) reported that although 
OR was not correlated with treatment, the 
rate within 48 h of GnRH injection 
(93.3%) tended to be higher compared 
with that in the Saline group (60.0%) and 
that the average time of ovulations was 
29.3±0.5 h after administering GnRH. In 
the study by Giordano et al. (2012b), most 
of the ovulations occurred between 28 and 
30 h after administering the second GnRH 
of the Ovsynch protocol. Giordano et al. 
(2012a) reported similar results for OR 
(90.90%) and ovulation time (28 h after 
GnRH injection) in lactating dairy cows. 
In the present study, 58.3% of ovulations 
in the SALINE group occurred 48 h after 
the second GnRH of the Ovsynch proto-
col. The lowest and highest CRs or PRs 
were observed in the SALINE and H-
HCG groups, respectively; however, the 
differences between the groups were not 
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significant. In a review article by De Ren-
sis et al. (2010) variable results of ex-
periments on the effect of hCG at breed-
ing on CRs are were documented. De 
Rensis et al. (2008a) demonstrated that 
hCG had a positive effect after synchroni-
sation in dairy cows only during the warm 
period of the year and under the negative 
effects of heat stress. According to Ste-
venson & Pulley (2012), pregnancy rate 
per AI at day 32 or 60 after first AI was 
lower in lactating Holsten cows treated 
with 1000 IU of hCG 7 days after TAI 
than saline-treated cows. By contrast, Al-
nimer & Shamoun (2015) reported that 
applying hCG 6 days after TAI was bene-
ficial in improving P/AI either in summer 
or winter as a result of reducing preg-
nancy loss and increasing P4 concentra-
tion in repeat breeding dairy cows. In the 
present study, the lowest and highest ORs 
were occurred in the GNRH (45.4%) and 
L-HCG (75.0%) groups, which differed 
significantly. The lowest and highest PRs 
were obtained in the SALINE (33.3%) 
and H-HCG (75.0%) groups, respectively; 
however, the differences in PRs among 
the groups were not significant. In all 
studies where the hCG dose ranged widely 
from 1000 to 10,000 IU, the dose did not 
seem to affect the ovarian response. In 
addition, it the hCG and GnRH treatments 
have similar effects on the ovary (De Ren-
sis et al., 2010). In a study, administration 
of hCG to lactating dairy cows on day 2 
post-AI increased P4 production by the 
nascent CL; however reproductive per-
formance was not improved. The authors 
hypothesised that the effect of hCG ad-
ministration varies depending on the 
physiological status of the animal and the 
exact timing of hCG administration 
(Sánchez et al., 2017). 

Progesterone is essential for the main-
tenance of pregnancy and embryo devel-

opment. Therefore, techniques have been 
assessed to increase fertility by increasing 
CL function. One proposed method was to 
treat with GnRH at time of insemination. 
However, there have been conflicting re-
sults with this method. Treatment with 
GnRH at the time of insemination resulted 
in an increase, decrease, or no change in 
subsequent concentrations of progesterone 
compared to controls (Fields et al., 2009).  

The results of the present study dem-
onstrated that administration of hCG at 
TAI caused an increase in serum P4 con-
centrations on days 6 and 12 after TAI, 
although there was no significant differ-
ence between the groups that received or 
not received GnRH or hCG at TAI. It has 
been reported that hCG administration at 
insemination increases plasma P4 levels 
on days 3, 5 or 7 of the estrous cycle, and 
cows with higher P4 concentrations have 
more developed embryos (De Rensis et 
al., 2008a). By contrast, the results of 
Agarwal et al. (2021) on healthy Indian 
crossbred cows indicated that while hCG 
administration post AI may enhance pri-
mary luteal dimensions or induce the for-
mation of accessory corpora lutea, it ap-
parently had no beneficial effect on luteal 
function or pregnancy. 

CONCLUSIONS 

In summary, the findings of this study 
demonstrated that administering a single 
dose of human chorionic gonadotropin at 
timed artificial insemination, regardless of 
being low or high, resulted in no signifi-
cant improvement in the rates of concep-
tion and pregnancy in lactating dairy cows 
synchronised with the Ovsynch protocol 
combined with an intravaginal progester-
one releasing insert regardless of being 
cyclic or not. The major drawback of the 
study was the limited number of the ani-
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mals allocated to the experiment, so a 
large scale study is warranted to illustrate 
more exactly the effects of administering 
low or high doses of human chorionic 
gonadotropin on the fertility of lactating 
dairy cows. 

REFERENCES 

Aboul-Ela, M. B. & F. E. El-Keraby, 1986. 
The effect of treatment with a GnRH ana-
logue on postpartum reproductive per-
formance in Friesian cows. Animal Repro-
duction Science, 12, 99–107.  

Agarwal, S., H. P. Gupta, S. Prasad, P. K. 
Verma, A. Khanam & F. Ahmad Khan, 
2021. Effect of various hCG treatment pro-
tocols on luteal characteristics, plasma 
progesterone concentration, and pregnancy 
in normal cyclic Indian crossbred dairy 
cows. Tropical Animal Health and Pro-
duction, 53, 220–226.   

Alnimer, M. A. & A. I. Shamoun, 2015. 
Treatment with hCG 4 or 6 days after TAI 
to improve pregnancy outcomes in repeat-
breeding dairy cows. Animal Reproduction 
Science, 157, 63–70.   

Alves, R. L. O. R., M. A. Silva, C. E. C. Con-
sentini, L. O. e Silva, N. P. Folchini, A. L. 
Oliva, A. B. Prata, J. R. S. Gonçalves, M. 
C. Wiltbank & R. Sartori, 2021. Hormonal 
combinations aiming to improve reproduc-
tive outcomes of Bos indicus cows submit-
ted to estradiol/progesterone-based timed 
AI protocols. Theriogenology, 169, 89–99.  

Besbaci, M., A. Abdelli, J. J. Minviel, I. Be-
labdi, R. Kaidi & D. Raboisson, 2020. As-
sociation of pregnancy per artificial in-
semination with gonadotropin releasing 
hormone and human chorionic gonadotro-
pin administered during the luteal phase 
after artificial insemination in dairy cows: 
A meta-analysis. Journal of Dairy Science, 
103, 2006–2018.  

Binversie, J. A., K. E. Pfeiffer & J. E. Larson, 
2012. Modifying the double-Ovsynch pro-
tocol to include human chorionic gonad-

otropin to synchronize ovulation in dairy 
cattle. Theriogenology, 78, 2095–2104. 

Burns, M. G., B. S. Buttrey, C. A. Dobbins, C. 
A. Martel, K. C. Olson, G. C. Lamb & J. 
S. Stevenson, 2008. Evaluation of human 
chorionic gonadotropin as a replacement 
for gonadotropin-releasing hormone in 
ovulation-synchronization protocols before 
fixed timed artificial insemination in beef 
cattle. Journal of Animal Science, 86, 
2539–2548.  

Buttrey, B. S., M. G. Burns & J. S. Stevenson, 
2010. Ovulation and pregnancy outcomes 
in response to human chorionic gonad-
otropin before resynchronized ovulation in 
dairy cattle. Theriogenology, 73, 449–459.  

Canadas, E. R., M. Gobikrushanth, P. Fernan-
dez, J. Kenneally, P. Lonergan & S. T. 
Butler, 2019. Evaluation of alternative 
strategies to treat anoestrous dairy cows 
and implications for reproductive perform-
ance in pasture-based seasonal calving 
herds: A pilot study. Theriogenology, 127, 
130–136.  

Cabrera, E. M., M. R. Lauber, T. Valdes-
Arciniega, M. S. El Azzi, J. P. N. Martins, 
T. R. Bilby & P. M. Fricke, 2021. Replac-
ing the first gonadotropin-releasing hor-
mone treatment in an Ovsynch protocol 
with human chorionic gonadotropin de-
creased pregnancies per artificial insemi-
nation in lactating dairy cows. Journal of 
Dairy Science, 104, 8290–8300.  

Chenault, J. R., D. M. Meeuwse, C. LaGrow, 
J. K. Tena, S. L. Wood-Follis, & J. W. 
Hallberg, 2014. Evaluation of gonadotro-
pin-releasing hormone hydrogen chloride 
at 3 doses with prostaglandin F2α for 
fixed-time artificial insemination in dairy 
cows. Journal of Dairy Science, 97, 2816–
2821.  

Cunha, T. O. & J. P. N. Martins, 2022. Gradu-
ate Student Literature Review: Effects of 
human chorionic gonadotropin on follicu-
lar and luteal dynamics and fertility in cat-
tle. Journal of Dairy Science, 105, 8401–
8410.  



Effects of different doses of human chorionic gonadotropin at timed artificial insemination on the … 

BJVM, ××, No × 10 

De Rensis, F., F. López-Gatius, I. García-
Ispierto & M. Techakumpu, 2010. Clinical 
use of human chorionic gonadotropin in 
dairy cows: An update. Theriogenology, 
73, 1001–1008.  

De Rensis, F., P. Marconi, T. Capelli, F. Gatti, 
F. Facciolongo, S. Franzini & R. J. 
Scaramuzzi, 2002. Fertility in postpartum 
dairy cows in winter or summer following 
estrus synchronization and fixed time A.I. 
after the induction of an LH surge with 
gonadotropin releasing hormone (GnRH) 
or human chorionic gonadotropin (hCG). 
Theriogenology, 58, 1675–1687.  

De Rensis, F., R. Valentini, F. Gorrieri, E. 
Bottareli & F. López-Gatius, 2008a. In-
ducing ovulation with hCG improves the 
fertility of dairy cows during the warm 
season. Theriogenology, 69, 1077–1082.  

De Rensis, F., E. Bottarelli, F. Battioni, T. 
Capelli, M. Techakumphu, I. García-
Ispierto & F. López-Gatius, 2008b. Re-
productive performance of dairy cows with 
ovarian cysts after synchronizing ovulation 
using GnRH or hCG during the warm or 
cool period of the year. Theriogenology, 
69, 481–484.  

Drew, S. B. & A. R. Peters, 1994. Effect of 
buserelin on pregnancy rates in dairy 
cows. The Veterinary Record, 134, 267–
269.    

El-Tarabany, M. S. & A. A. El-Tarabany, 
2015. Impact of thermal stress on the effi-
ciency of ovulation synchronization proto-
cols in Holstein cows. Animal Reproduc-
tion Science, 160, 138–145.  

Fields, S. D., B. L. Perry & G. A. Perry, 2009. 
Effects of GnRH treatment on initiation of 
pulses of LH, LH release, and subsequent 
concentrations of progesterone. Domestic 
Animal Endocrinology, 37, 189–195.  

Garcia-Ispierto, I., F. De Rensis, X. Casas, F. 
Caballero, R. Mur-Novales & F. Lopez-
Gatius, 2018. Reproductive performance 
of lactating dairy cows after inducing ovu-
lation using hCG in a five-day progester-
one-based fixed-time AI protocol. The-
riogenology, 107, 175–179.  

Garcia-Ispierto, I., M. Pando & M. Llobera-
Balcells, 2021a. Inducing ovulation with 
hCG improves fertility outcomes of co-
dominant follicle drainage to avoid twin 
pregnancy in dairy cows. Animals, 11, 
169.  

Garcia-Ispierto, I., M. Llobera-Balcells & F. 
López-Gatius, 2021b. Inducing ovulation 
with human chorionic gonadotrophin im-
proves the pregnancy rate in lactating dairy 
cows receiving an in vitro-produced em-
bryo. Reproduction in Domestic Animals, 
56, 1145–1147.  

Giordano, J. O., M. C. Wiltbank, J. N. 
Guenther, M. S. Ares, G. Lopes Jr., M. M. 
Herlihy & P. M. Fricke, 2012a. Effect of 
presynchronization with human chorionic 
gonadotropin or gonadotropin-releasing 
hormone 7 days before resynchronization 
of ovulation on fertility in lactating dairy 
cows. Journal of Dairy Science, 95, 5612–
5625.  

Giordano, J. O., P. M. Fricke, J. N. Guenther, 
G. Lopes Jr., M. M. Herlihy, A. B. Nasci-
mento & M. C. Wiltbank, 2012b. Effect of 
progesterone on magnitude of the luteiniz-
ing hormone surge induced by two differ-
ent doses of gonadotropin-releasing hor-
mone in lactating dairy cows. Journal of 
Dairy Science, 95, 3781–3793.   

Heuwieser, W., J. D. Ferguson, C. L. Guard, 
R. H. Foote, L. D. Warnick & L. C. 
Breickner, 1994. Relationships between 
administration of GnRH, body condition 
score and fertility in Holstein dairy cattle. 
Theriogenology, 42, 703–714.  

Keskin, A., G. Yilmazbas-Mecitoglu, A. Gu-
men, E. Karakaya, R. Darici & H. Okut, 
2010. Effect of hCG vs. GnRH at the be-
ginning of the Ovsynch on first ovulation 
and conception rates in cyclic lactating 
dairy cows. Theriogenology, 74, 602–607.  

Liu, T. C., C. F. Chiang, C. T. Ho & J. P. W. 
Chan, 2018. Effect of GnRH on ovulatory 
response after luteolysis induced by two 
low doses of PGF2a in lactating dairy 
cows. Theriogenology, 105, 45–50. 



M. Mashayekhi & M. Goli  

BJVM, ××, No × 11 

López-Gatius, F., P. Santolaria, A. Martino, F. 
Delétang & F. De Rensis, 2006. The ef-
fects of GnRH treatment at the time of AI 
and 12 days later on reproductive perform-
ance of high producing dairy cows during 
the warm season in northeastern Spain. 
Theriogenology, 65, 820–830.  

Madureira, G., C. E. C. Consentini, J. C. L. 
Motta, J. N. Drum, A. B. Prata, P. L. J. 
Monteiro Jr., L. F. Melo, J. R. S. Gon-
çalves, M. C. Wiltbank & R. Sartori, 2020. 
Progesterone-based timed AI protocols for 
Bos indicus cattle II: Reproductive out-
comes of either EB or GnRH-type proto-
col, using or not GnRH at AI. Therio-
genology, 145, 86–93.  

Mohammadi, A., H. A. Seifi & N. Farzaneh, 
2019. Effect of prostaglandin F2α and 
GnRH administration at the time of artifi-
cial insemination on reproductive per-
formance of dairy cows. Veterinary Re-
search Forum, 10, 153–158.  

Momcilovic, D., L. F. Archbald, A. Walters, 
T. Tran, D. Kelbert, C. Risco & W. W. 
Thatcher, 1998 Reproductive performance 
of lactating dairy cows treated with gonad-
otrophin-releasing hormone (GnRH) 
and/or prostaglandin F2a (PGF2a) for syn-
chronization of estrus and ovulation.  
Theriogenology, 50, 1131–1139.  

Motavalli, T., E. Dirandeh, H. Deldar & M. G. 
Colazo, 2017. Evaluation of shortened 
timed-AI protocols for resynchronization 
of ovulation in multiparous Holstein dairy 
cows. Theriogenology, 95, 187–192.  

Niles, A. M., H. P. Fricke, P. D. Carvalho, M. 
C. Wiltbank, L. L. Hernandez & P. M. 
Fricke, 2019. Effect of treatment with hu-
man chorionic gonadotropin 7 days after 
artificial insemination or at the time of 
embryo transfer on reproductive outcomes 
in nulliparous Holstein heifers. Journal of 
Dairy Science, 102, 2593–2606.  

Núñez-Olivera, R., F. Cuadro & A. Menchaca, 
2019. Is prostaglandin F2α administration 
at the beginning of a progesterone and es-
tradiol-based treatment for FTAI an effec-
tive strategy in Bos taurus heifers? Animal 
Reproduction Science, 210, 106201.  

Perry, G. A. & B. L. Perry, 2009. GnRH 
treatment at artificial insemination in beef 
cattle fails to increase plasma progesterone 
concentrations or pregnancy rates. Therio-
genology, 71, 775–779. 

Prata, A. B., G. Madureira, A. J. Robl, H. S. 
Ribeiro, M. Sagae, M. C. V. Elias, C. Pi-
menta, J. Barrios, D. Hartmman, A. A. 
Schneider, G. A. F. Sandoval, M. C. Wilt-
bank & R. Sartori, 2020. Progesterone-
based timed AI protocols for Bos indicus 
cattle III: comparison of protocol lengths. 
Theriogenology, 152, 29–35.  

Pryce, J. E., M. D. Royal, P. C. Garnsworthy 
& I. L. Mao, 2004. Fertility in the high-
producing dairy cow. Livestock Produc-
tion Science, 86, 125–135.  

Rowe, S. M., L. Pryor, W. P. Tranter, J. Hosie 
& J. Cavalieri, 2019. Effect of equine 
chorionic gonadotropin on reproductive 
performance in a dairy herd in Northern 
Queensland, Australia. Theriogenology, 
125, 30–36.  

Ryan, D. P., E. Kopel, M. P. Boland & R. A. 
Godke, 1991. Pregnancy rates in dairy 
cows following the administration of a 
GnRH analogue at the time of artificial in-
semination or at mid-cycle post insemina-
tion. Theriogenology, 36, 367–377.  

Sánchez, J. M., F. Randi, C. Passaro, D. J. 
Mathew, S. T. Butler & P. Lonergan, 
2017. Effect of human chorionic gonad-
otrophin administration 2 days after in-
semination on progesterone concentration 
and pregnancy per artificial insemination 
in lactating dairy cows. Journal of Dairy 
Science, 101, 6556–6567.  

Schmitz, W., M. Kramer, G. Erhardt, M. 
Gauly, M. A. Driancourt & W Holtz, 2017 
Pregnancy rate after fixed-time artificial 
insemination of suckled beef cows sub-
jected to a cosynch protocol with either 
buserelin or hCG as ovulation inducing 
agent. Livestock Science, 206, 141–147.  

Stevenson, J. S., M. A. Portaluppi, D. E. Ten-
house, A. Lloyd, D. R. Eborn, S. Kacuba 
& J. M. DeJarnette, 2007. Interventions af-
ter artificial insemination: Conception 



Effects of different doses of human chorionic gonadotropin at timed artificial insemination on the … 

BJVM, ××, No × 12 

rates, pregnancy survival, and ovarian re-
sponses to gonadotropin-releasing hor-
mone, human chorionic gonadotropin, and 
progesterone. Journal of Dairy Science, 
90, 331–340. 

Stevenson, J. S. & S. L. Pulley, 2012. Charac-
teristics and retention of luteal structures, 
extended postinsemination cycle, proges-
terone, and pregnancy-specific protein B 
in serum after human chorionic gonad-
otropin treatment of dairy cows. Journal of 
Dairy Science, 95, 4396–4409.  

Šuluburić, A., S. Milanović, S. Vranjes-Đurić, 
I. B. Jovanović, T. Barna, M. Stojić, N. 
Fratrić, O. Szenci & D. Gvozdić, 2017. 
Progesterone concentration, pregnancy and 
calving rate in Simental dairy cows after 
oestrus synchronization and hCG treat-
ment during the early luteal phase. Acta 
Veterinaria Hungarica, 65, 446–458.  

Zheng, P., H. Huang, N. Li, P. Huang, S. O. 
Adeniran, Z. Wang, R. Feng, G. Zhang, 
2021. LRH-A3 and HCG increase preg-
nancy rate during timed artificial insemina-
tion in dairy cows. Animal Science Jour-
nal, 92, e13549.  

Zolini, A. M., W. G. Ortiz, E. Estrada-Cortes, 
M. S. Ortega, S. Dikmen, F. Sosa, J. O. 
Giordano & P. J. Hansen, 2019. Interac-
tions of human chorionic gonadotropin 
with genotype and parity on fertility re-

sponses of lactating dairy cows. Journal of 
Dairy Science, 102, 846–856.  

Zwiefelhofer, E. M., B. M. Davis & G. P. 
Adams, 2020. Research and development 
of a silicone letrozole-releasing device to 
control reproduction in cattle. Therio-
genology, 146, 104–110. 

 

 

 

 

Paper received 19.07.2025; accepted for 
publication 10.09.2025 

 

 

 

 

Correspondence:  
 
M. Goli, DVM, DVSc 
Department of Clinical Science,  
Faculty of Veterinary Medicine,  
Razi University, P.O. Box 6715685414,  
Kermanshah, Iran 
tel: +98 83 38329540,  
fax: +98 83 38320041;  
mobile: +98 914 341 8361 
e-mail: mojtabagoli@razi.ac.ir;  
            mojtabagoli@yahoo.com; 

 


	MATERIALS AND METHODS


