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ABSTRACT. The objective of this study was to compare the effect of human chorionic gonadotrophin 
(hCG) and gonadotropin releasing hormone (GnRH) administration on day 5 after artificial insemination 
(AI) on luteal function. Thirty-three dairy cows were synchronized by the Ovsynch protocol and assigned 
randomly into 3 equal groups to receive on day 5 after AI 1500UI hCG, 100µg GnRH, and 2mL saline 
solution (Control), respectively. progesterone concentration (P4) in blood was measured every 3 days from 
day 5 to 23 after timed AI.  Ultrasound examination of ovaries was performed on days -10, 0 (day of AI), 
2, 5, 8, 11 and 14. The results revealed a development of an accessory corpus luteum(CL), 100% in the 
group received GnRH and 90.9% in that received hCG. No accessory corpus luteum in control group was 
observed. Total luteal tissue area on the ovaries was increased in hCG and GnRH group compared to 
control. Plasma P4 concentration was significantly (P < 0.05) higher in hCG and GnRH groups than control 
after day 11 AI. The comparison treatments showed that total luteum tissue aerea and P4 concentration 
were lower in GnRH group than in hCG one. 
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INTRODUCTION  

Numerous studies [1,2] have reported that reproductive performance of dairy cows has 
declined as milk yields have increased. Some of these reports suggest that, at least in high-
yielding cows, the fall in fertility may be due to an increment of both early [3] and late 
[4] embryonic loss. Many factors can induce the loss of embryo, but the most important 
component seems to be the insufficiency of maternal luteal function, expressed by a 
decrease in blood P4 [5]. In addition, the enhancement of P4 catabolism in the liver,  
particularly in dairy cows, is also responsible of decreasing of P4 concentration [6]. 
Subsequent studies have, indeed, emphasized the important role of P4 in the first week 
after insemination in establishing an optimum uterine environment to support conceptus 
elongation around the time of maternal recognition of pregnancy [7]. Consequently, 
several approaches have been used to increase the concentration of P4 in blood in order 
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to reduce the occurrence of embryo death [8]. Increased plasma P4 concentration has been 
carried out to improve cow fertility either by using administering exogenous P4 
supplements, using a controlled internal drug-release (CIDR) [9], P4 releasing 
intravaginal device (PRID) [10] and feeding the animal P4 [9] or by increasing its 
endogenous secretion [8] . Thus, studies have shown that administration of GnRH [11] or 
hCG [12,13] after AI can induce accessory corpus luteum formation which in turn 
enhances P4 secretion. Using a large number of animals, Stevenson et al. [14] assessed 
the effects of a variety of interventions between day 4 and day 9 after AI on fertility, 
including administration of GnRH and hCG.  Interestingly, in this comparative study, the 
conception rate in GnRH-treated cows was lower by compared to hCG and control 
groups. This difference was attributed by the authors to the dose of GnRH and its timing 
of administration that can alter luteal composition and subsequent serum concentrations 
of P4. Howard et al. [11] found that administration of GnRH during the early luteal phase 
(i.e. day 5 of the estrous cycle) induces ovulation of the first wave dominant follicle and 
formation of a functional accessory CL, which increases circulating P4 in blood. Based 
on the the findings of the above studies [11,14,15], the objective of this work was to 
compare the effects of early administration (day 5 of the estrous cycle) of GnRH and hCG 
on CL development and P4 secretion, in dairy cows.   

MATERIAL AND METHODS 
The protocols and procedures applied in this study were according to the ethical 

principles for use of experimental animals as established by the Institutional Animal Care 
Committee of the National Administration of the Algerian Higher Education and 
Scientific Research (Ethical approval number: 98-11, Law of August 22, 1998). 

Animals and treatments  
Thirty-three primiparous lactating Holstein cows (2-3 years old; 45 to 80 day in milk; 

an average milk yield of 27.65 ± 1.6 kg/day) were used in this study, from of April to 
August. Animals were housed in free-stall barns at a commercial dairy farm in Blida, 
Algeria (36.4736° N, 2.8323° E, and altitude 63 m). Cows were selected by clinical 
examination (rectal palpation) of both the ovaries to confirm the cyclicity and the 
reproductive tract to find any abnormalities, such as vaginal discharge, before AI and only 
those in a healthy reproductive status were included in the study. 

Cows were fed twice daily a diet consisting of grass and clover supplemented with a 
commercial concentrate (18% of crude protein), as well as roughly crushed maize grains, 
soybean meal, barley and vitamin–mineral mixture.  All cows were synchronized by 
Ovsynch protocol initiated with Gonadorelin (Cystoreline® CEVA, France) followed, 
seven days later, by the administration of PGF2𝛼𝛼 analogue (Enzaprost® CEVA, France) 
and two days after this, by a second Gonadorelin injection.  Animals were inseminated 
12–16 h after the second injection of Gonadorelin (day 0). Five days after AI (day 5), 
cows were assigned randomly to one of the three treatment groups (eleven cows per 
treatment group): 1) injection of 1500UI hCG (Chorulon® Intevet given i.v), 2) 100µg 
GnRH (Cystoréline® CEVA given i.m) and 2mL of 0.9% saline as control group “Fig. 
1”.
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Fig. 1. Schematic diagram of treatment protocol in which GnRH, hCG or saline was 
given to lactating dairy cows 5 days after AI. All cows received the Ovsynch protocol 
and were sham AI 12–16 h after the second injection of GnRH. Blood samples were 

collected every three days (from d 5 to d 23), and ultrasonography was used on days -
10, 0, 1, 5, 8, 11, and 14 (AI: artificial insemination; d: day). 

 

Blood sampling and P4 measurement 
For determination progesterone concentration, five milliliters of blood of each animal 

were collected, immediately before administration of treatments and every 3 days from 
day 5 to day 23 after timed AI. Blood samples were recovery from the caudal vein into 
5mL evacuated tubes (Vacuette® blood collection tubes) every 3 days from day 5 to day 
23 after timed AI (TAI) for analysis of serum P4. Samples were chilled on ice packs 
immediately after collection and centrifuged at 1,935×g for 15 min within 4 h of 
collection, and the serum was stored at -20 °C until analysis. Serum P4 concentrations 
were measured using a solid-phase, no-extraction radioimmunoassay (Coat-a-Count P4 
kit, Diagnostic Products Corp., Los Angeles, CA) in Nuclear Research Center, Algiers, 
Algeria. The sensitivity of the assay was 0.1 ng mL-1. The inter- and intra-assay CV were 
7.3 and 7.4%, respectively.  

Ultrasonography  
All cows were scanned by transrectal ultrasonography (5 mHz transrectal probe, 

Chison 600 VET, Tokyo, Japan). Ovarian structures were mapped and sized on day 10 
before AI and 0, 1, 5, 8, 11 and 14 after AI “Fig. 1”. Cows were considered to have 
synchronized ovulation when 1 or more follicles ≥10 mm were observed at the time of 
AI by ultrasound examination and then disappeared at 1 or 2 days later. Principal CL was 
the result of the first ovulation, accessory CL was the result of the second and the total 
CL area was the addition of principal CL and accessory CL area. Pregnancy rate was 
realized 45 d after AI by transrectal ultrasonography. All ultrasound examinations and 
measurements were performed by the same operator.  

Statistical analysis 
All statistical analyses were carried out using SAS 9.1 (SAS Institute, Cary, NC, USA). 

A repeated measures approach using ANOVA with mixed linear models (fixed effects of 
treatment, day and their interaction, random effect of cow) was used for P4 concentrations 
and CL measurements.  All the resulting data was checked for normality using the PROC 
UNIVARIATE of SAS. If the variable did not fit the normal distribution, it was 
transformed by rising to the power of lambda. The appropriate lambda value was obtained 
by conducting a Box–Cox transformation analysis using the TRANSREG procedure of 
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SAS. Conception rate and diameter of follicles were analyzed by using ANOVA 
(procedure GLM; SAS). For clarity, corresponding means ± SEM of the non-transformed 
data are presented in the results. Stacked line plots of the studied variables were generated 
using Prism 6.07 (GraphPad Software, Inc. La Jolla, CA USA). 

RESULTS  
Ovarian status of cows at day 5 after AI  

The ultrasound examination performed on day 5 after AI, just before treatment, 
revealed the presence of CL and dominant follicle.  Mean diameter of dominant follicles 
did not differ significantly (p>0.05) between GnRH, hCG and control groups 
(11.91±1.9mm; 12.84±1.34 mm and 12.37±1.6mm respectively).   

Corpora Lutea  
Treatment at day 5 after AI induced ovulation of the dominant follicle and formation 

of an accessory CL in all cows treated with GnRH, 90.9% (10/11) in cows treated with 
hCG and there are no ovulation and accessory CL formation in the control group. The 
ultrasonography detection of accessory CL area was very difficult, since the accessory 
CL was in growth; the clearest ultrasound images and most accurate measurements of 
accessory CL area were obtained at day 14 after AI. Accessory CL area induced by GnRH 
and hCG treatment showed no significant change neither over the time or between 
treatment groups, nor a group-by time interaction “Fig. 2.a”. Principal CL areas were not 
significantly influenced by GnRH treatment but they tended to be greater for cows treated 
with hCG comparing with control and GnRH-group after day 8 and day 11 relative to 
insemination, respectively “Fig. 2.b”. Further, the repeated measures ANOVA revealed, 
here too, a significant effect of hCG and GnRH treatments on total CL areas after day 5. 
Total CL areas tended to be greater for hCG-treated cows than for GnRH-treated cows 
after day 8 after AI “Fig. 2.c”. There were significant effects of measurement time on 
principal CL areas (p=0.0002) and total CL areas (p=0.03) but there was no effect of 
treatment or a group-by time interaction. 

Fig. 2. Mean ( ± SEM)  area of luteal tissue (cm2) of control cows, hCG (1500 IU) 
treated cows and GnRH (100μg) treated cows: (a) accessory corpus luteum area;  (b) 
principal corpus luteum area; (c) total area of luteal tissue (accessory corpus luteum+ 

principal corpus luteum). 
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P4 concentration  
All cows (pregnant and non-pregnant) treated with hCG tended to have increased 

circulating P4 concentrations from day 11 to day 23 after AI, relative to control cows and 
on day 14 and day 17, relative to GnRH-treated cows “Fig. 3.a”. Cows treated with GnRH 
tended to have increased circulating P4 concentrations on day 11 and day 14, relative to 
control cows. Among pregnant animals, hCG-treated cows had higher concentrations of 
plasma P4 from day 8 to day 23 after AI, relative to controls; plasma P4 concentrations 
of GnRH- treated pregnant cows from day 8 to day 23 after AI did not differ significantly 
compared to control and hCG-treated groups “Fig. 3.b”. Among non-pregnant animals, 
GnRH-treated cows “Fig. 3.c” tended to have decreased circulating P4 concentrations at 
day 8 and day 17 relative to hCG-treated group. An effect of group-by time interaction 
was detected in all cows (p<0.01) and in non-pregnant cows (p<0.0001), but not in 
pregnant cows (p=0.22).   
 

 
Fig. 3. Mean ( ± SEM)  progesterone concentration in blood serum  (ng/mL) of (a) all 

cows (b) pregnant cows and (c) not pregnant cows. 
 

Pregnancy rate 
The pregnancy rate was 45.45% (5/11) in either control or GnRH-treated cows. 

However, this rate was 54.54% (6/11) in hCG-treated cows. There was no significant 
difference (p ˃ 0.05) between groups. 

DISCUSSION  
The present study, investigated whether treatment with GnRH on day 5 after AI could 

be as effective as hCG treatment by increasing P4 concentrations, in Holstein cows. 
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Increasing P4 concentrations is attributable to stimulating the steroidogenesis from the 
existing corpus luteum and/or by induced ovulation of the dominant follicle present at the 
time of treatment. Early treatment with hCG [16] and with GnRH [11] has proved to be 
more effective compared with late treatment; both hCG and GnRH injections given on 
day 5 of the estrous cycle consistently induced ovulation of the dominant follicle giving 
accessory CL. In the present study all cows treated with GnRH at day 5 post-AI had an 
accessory CL (100%) which confirms the previous observation of Schmitt et al. [17] and 
is different to that of  Stevenson et al. [14], which found that 60% of the cows had formed 
accessory CL after treatment with GnRH between day 4 and day 9 after AI. Similarly, in 
the present study, 90.9% cows treated with hCG at day 5 post-AI formed an accessory 
CL.  

The type of hormone (hCG or GnRH) injected 5 days after AI did not influence the 
size of the accessory CL (p=0.48). However, principal CL area was significantly larger 
in hCG group compared to GnRH and control groups. No significant difference between 
GnRH group and control was observed. The results of the current study were similar to 
those reported Stevenson et al. [14] and Rizos et al. [13]. This finding may be, also, 
explained by the reduced effectiveness of hCG given during the late luteal stage of the 
estrous cycle [18].  The increase of luteal tissue after treatment with hCG arises from the 
LH-like action of hCG on luteal cells [17]. In the present study, administration of hCG 
not only resulted in ovulation of the dominant follicle present on day 5 and the formation 
of an accessory CL, but also stimulated the increase of principal CL area which was larger 
than in GnRH-treated animals. The area of principal CL in cows treated with GnRH on 
day 5 did not differ significantly from that of control cows (p>0.05). Regardless of 
treatment period, the LH-like effect of hCG on the ovarian cells may last for 30 h after 
treatment [17]; in contrast, the LH-like effect of GnRH on the ovarian cells may last only 
for 5 h after treatment [19]. Therefore, the longer half-life of hCG in the blood and slower 
turnover of the hCG-LH receptor complex on the surface of granulosa cells is possibly 
responsible for an increased gonadotropic stimulation on the day 5 ovulatory follicle (for 
review see De Rensis et al. [18]; Lonergan. [20]) and its subsequent differentiation into a 
principal CL.  

 
In the current study, injection of hCG on day 5 increased plasma concentration of P4 

compared with that of control or GnRH treated cows. Several authors [11,12,14] detected 
higher (than control) P4 concentration in dairy cows after induction of an accessory CL 
with GnRH or hCG, administered between day 4 and 7 after AI. It is worth mentioning 
that the stimulation of P4 secretion by the principal CL after treatment with hCG was 
higher compared to GnRH treatment. This latter finding is supported by the observation 
that principal CL area in hCG-treated cows was larger compared with GnRH-treated cows 
and a strong positive and close correlation was observed between the total luteal area and 
the P4 level in the current study and in previous studies [21,22]. Indeed, Mann. [23] 
showed that P4 level is related to the diameter of the CL that secretes P4 until it reaches 
its final size. 

The main objective of administration of GnRH or hCG is to improve the fertility of 
cows by increasing P4 concentration [12–14]. The results from the present study showed 
no significant difference between P4 concentration of hCG-treated pregnant cows and 
GnRH-treated pregnant cows. However, in non-pregnant cows, there was significant 
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difference between P4 concentration of hCG-treated cows and GnRH-treated cows and 
between GnRH-treated cows and control cows.  A lack of effect of treatment to improve 
pregnancy rate, despite the increase of P4 production in treated cows, may be due to other 
factors than P4 concentrations. Thus, fertility after GnRH or hCG administration has been 
reported to be related to many factors [18,24].  
 
CONCLUSION  

Treatment of lactating dairy cows with GnRH or hCG on day 5 after AI effectively 
induced accessory CL formation and increased total CL area. However, treatment with 
GnRH on day 5 post-insemination failed to increase principal CL area. hCG treatment at 
day 5 after AI tended to be more effective than GnRH for increasing P4 production.  
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