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ABSTRACT. The aims of this study were to compare the effects of an intramuscular human 
chorionic gonadotropin (hCG) administration on corpus luteum (CL) development, plasma 
progesterone (P4) and estradiol (E2) concentration in ipsilateral (first-wave dominant follicle [W1DF] 
in the same ovary as the CL) and contralateral (W1DF and CL in opposite ovaries) cattle. Cross-bred 
beef heifers (Holstein × Japanese black, n=83) with synchronized ovulation were randomly assigned 
to either treatment with 1,500 IU hCG or no treatment on day 5 post-ovulation and were subdivided 
into ipsilateral (hCG treatment, n=21; no treatment, n=23) or contralateral (hCG treatment, n=17; 
no treatment, n=17) groups. Five heifers were excluded from the study, as they presented with 
double ovulation in response to hCG treatment. The effects of hCG treatment, location (ipsilateral 
and contralateral), and the number of days post-ovulation (days 5, 7, and 14) were analyzed using 
three-way ANOVA. hCG treatment significantly increased CL diameter on day 7 and plasma P4 
concentration on days 7 and 14 in the contralateral group, but not the ipsilateral group. In contrast, 
hCG treatment decreased plasma E2 concentration on days 7 and 14 in both groups. In summary, 
our results indicate that the hCG treatment more significantly promoted CL development and 
increased plasma P4 concentration in the contralateral than in the ipsilateral group.

KEY WORDS: accessory corpus luteum, first-wave dominant follicle, human chorionic 
gonadotropin, plasma progesterone

In mammals, corpus luteum (CL) formation is initiated at ovulation by the differentiation of granulosa and theca cells into large 
and small luteal cells, respectively [1]. The CL secretes progesterone (P4) which is essential for the establishment of pregnancy. P4 
regulates the function of various components of the reproductive tract, including the uterus [19, 23]. Plasma P4 concentration after 
artificial insemination (AI) influences fertility in cattle, with low plasma P4 concentrations resulting in decreased fertility [10, 23]. 
In contrast, the first follicular wave emerges soon after ovulation, concomitant with CL formation in bovine ovaries. A dominant 
follicle deviates from the first follicular wave and is, thereafter, referred to as the first-wave dominant follicle (W1DF) [7]. The 
W1DF produces estradiol (E2) and causes small increases in plasma E2 concentration after ovulation [5, 17]. A high plasma E2 
concentration between post-ovulation and the early luteal phase may reduce bovine fertility [2, 15]. Therefore, ovarian function 
and plasma sex steroid hormone concentrations after ovulation are closely associated with fertility in cattle.

In cattle, intramuscular human chorionic gonadotropin (hCG) administration has an effect resembling that of luteinizing 
hormone (LH). It induces ovulation and promotes CL development [9, 16]. The administration of hCG from 5–7 day post-estrus 
activates the CL, induces W1DF ovulation, promotes the formation of an accessory CL, increases plasma P4 concentration 
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[4, 18, 21, 22], and decreases plasma E2 concentration [15] in cattle. Based on the effects of hCG on bovine plasma P4 and E2 
concentration, hCG is administered during the early luteal phase to improve the conception rates after AI [14] and embryo transfer 
(ET) in cattle [4, 6, 15, 21, 22]. However, the effects of hCG administration on fertility in cattle have not been consistent among 
various studies.

It was recently reported that the locational relationship between W1DF and CL at the time of hCG administration influences 
conception rate after the AI of dairy cows [12]. In cases where the W1DF and CL were situated in the same ovary (ipsilateral), 
hCG administration on day 5 post-AI improved the conception rate. However, this response did not occur when the W1DF and 
CL were in opposite ovaries (contralateral). These results may indicate that the effects of hCG on endocrine status, which affects 
fertility in cattle, are different between ipsilateral and contralateral groups. However, there are no studies that have examined the 
effects of hCG on plasma sex steroid hormone levels considering the positional relationship between the W1DF and CL.

The aims of this study were to examine the effects of intramuscular hCG administration, at day 5 post-ovulation, on CL 
development and plasma P4 and E2 levels, between cattle with the W1DF and CL in ipsilateral and contralateral locations.

MATERIALS AND METHODS

This study was approved by the Animal Experiment Committee of Obihiro University of Agriculture and Veterinary Medicine, 
Japan.

Animal and experimental protocol
Cross-bred beef heifers (n=83; Japanese black × Holstein; 13−19 months old) were used for this study. Heifers were maintained 

in free barns and fed corn silage plus feed concentrate at a commercial farm in Hokkaido, northeast Japan.
The experimental protocol is illustrated in Fig. 1. The estrous cycles of the heifers were synchronized using a 9-day vaginal 

insert containing 1.9 g P4 (CIDR; CIDR 1900; Zoetis JP, Tokyo, Japan) and administration of 2 mg estradiol benzoate (EB; 
Ovahormone® injection; ASKA Animal Health Co., Ltd., Tokyo, Japan). They were also administered 25 mg dinoprost 
(prostaglandin F2α [PGF2α]; Pronalgon F; Zoetis, Parsippany-Troy Hills, NJ, USA) on the day of CIDR removal. One day after 
PGF2α administration, 1 mg EB was injected followed 12 hr later by 100 µg of the GnRH analog fertirelin acetate (Spornen; 
Kyoritsu Seiyaku, Tokyo, Japan). The timed ovulation date was set as day 0. On day 5, heifers were randomly assigned to 
two groups, which were either administered 1,500 IU hCG (Gestron1500; Kyoritsu Seiyaku, Tokyo, Japan; n=43) or received 
no treatment (n=40). Transrectal ultrasonography was performed to examine the original CL and W1DF. The follicle with the 
largest diameter (>8.0 mm) on day 5 and/or day 7 was designated as the W1DF. For the hCG treatment group, accessory CL 
formation was confirmed on day 14. Accessory CL formation was observed in all heifers administered hCG. Five heifers with >2 
accessory CLs were excluded from the study. Heifers were divided into ipsilateral (hCG treatment, n=21; no treatment, n=23) and 
contralateral (hCG treatment, n=17; no treatment, n=17) groups, based on observations of the locational relationship between the 
original CL and W1DF in the ovary. Embryo transfer was performed on day 7 or 8. Pregnancy was determined using transrectal 
ultrasonography from days 45−50. For 56 heifers (ipsilateral group: hCG treatment, n=15; no treatment, n=15 and contralateral 
group: hCG treatment, n=14; no treatment, n=12), the CL diameters were measured on days 5, 7, and 14. Blood samples were 
collected on days 7 and 14.
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Fig. 1. Experimental protocol. EB, estradiol benzoate; CIDR, controlled internal drug release insert; PGF2α, prostaglandin F2α; 
hCG, human chorionic gonadotropin; CL, corpus luteum; GnRH, gonadotropin releasing hormone agonist.
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Embryo transfer
An in vivo frozen-thawed embryo was transferred by the same technician to the deep uterine horn, ipsilateral to the ovary with 

the original CL, via a bovine embryo/semen deep-injection catheter (YT gun, Yamanetech Co., Ltd., Nagano, Japan) on day 7 or 8.

CL ultrasonography
Ovaries were examined with a transrectal ultrasonograph fitted with a linear probe emitting a frequency of 5 MHz (HS-101V; 

Honda Electronics, Toyohashi, Japan). The original CL diameter was measured on days 5, 7, and 14. For the hCG treatment group, 
the accessory CL diameter was measured on day 14.

Blood sampling and hormone assays
To measure plasma P4 and E2 levels, on days 7 and 14, blood samples were collected from the coccygeal vein or artery in 

evacuated heparinized tubes and immediately placed on ice. Blood samples were centrifuged at 2,000 × g for 20 min at 4°C and 
the plasma components were separated and stored at −30°C until their use in hormone assays. Plasma P4 and E2 levels were 
determined in duplicate using a second-antibody enzyme immunoassay (EIA), according to a previously described procedure [13]. 
Sex steroid hormone assays were performed after extraction with diethyl ether. P4 and E2 recovery rates were 92.3% and 84.8%, 
respectively. The EIA standard curve ranged from 0.05−50 ng/ml and 2−2,000 pg/ml for P4 and E2, respectively. The intra- and 
inter-assay coefficients of variation (CV) were 6.4% and 9.6% for P4 and 7.6% and 9.8% for E2, respectively.

Statistical analysis
Data are presented as means ± SEM. For the original CL diameter and plasma P4 and E2 concentrations, the main effects of 

hCG (hCG vs. no treatment), location (ipsilateral vs. contralateral), and day (CL diameter: day 5 vs. day 7 vs. day 14; plasma 
P4 and E2 concentrations: day 7 vs. day 14), pairwise interactions (hCG × location, hCG × day, location × day), and three-way 
interactions (hCG × location × day) were analyzed by three-way ANOVA. When two-way or three-way interactions were detected, 
the simple main effects were analyzed for each independent variable. Post hoc analysis was performed using a Tukey-Kramer test 
or Student’s t-test. The accessory CL diameters in the ipsilateral and contralateral groups under hCG treatment were analyzed by 
Student’s t-test. All statistical analyses were performed in StatView v. 5.0 (SAS Institute, Cary, NC, USA). P<0.05 was considered 
statistically significant. Furthermore, 0.05≤P<0.1 was regarded as a tendency.

RESULTS

Original and accessory CL diameters
The P values for the main effects and their interactions on the original CL diameter are shown in Table 1. A three-way 

interaction was observed for the original CL diameter (P<0.05). For the ipsilateral and contralateral groups, the original CL 
diameters were significantly larger on days 7 and 14 than on day 5 (P<0.05; Fig. 2A and 2B). For the contralateral group, the 
original CL diameter was larger on day 7 with hCG treatment than with no treatment (P<0.01; Fig. 2B). No difference was 
observed between ipsilateral heifers with or without hCG treatment (Fig. 2A). There was no difference in original CL diameter 
between the ipsilateral and contralateral groups under hCG treatment (Fig. 3). Moreover, no difference was observed in accessory 
CL diameter on day 14 between the ipsilateral and contralateral groups under hCG treatment (Fig. 4).

Plasma P4 and E2 concentrations
The P values for the main effects and their interactions on plasma P4 concentration are shown in Table 1. There were hCG × 

location (P<0.01) and hCG ×day (P<0.05) interaction effects on plasma P4 concentration. For the ipsilateral and contralateral 
groups, P4 concentration was higher on day 14 than day 7 (P<0.001; Fig. 5A and 5B). In the ipsilateral group, P4 concentration 
was slightly higher with hCG treatment than with no treatment (0.05≤P<0.1; Fig. 5A). In contrast, heifers in the contralateral group 
treated with hCG presented with significantly higher P4 concentrations than those with no treatment (P<0.001; Fig. 5B). With hCG 
treatment, P4 concentrations were higher in the contralateral group than the ipsilateral group (P<0.05; Fig. 6). However, there was 
no difference in P4 concentration between the untreated ipsilateral and contralateral groups.

The P values for the main effects and their interactions on plasma E2 concentration are shown in Table 1. There were no 
interactions among the three main effects on plasma E2 concentration. Plasma E2 concentration was higher on day 7 than day 14 
(P<0.01; Fig. 7). hCG-treated heifers in both the ipsilateral and contralateral groups had lower E2 levels than untreated heifers 
(P<0.01; Fig. 7). However, there was no difference in plasma E2 levels between the ipsilateral and contralateral groups treated with 
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Table 1. The effects of hCG treatment, location, and post-ovulation day, with their respective double and triple interactions, on original corpus 
luteum diameter, plasma progesterone concentration, and estradiol concentration

Dependant variable hCG Location Day hCG × Location hCG × Day Location × Day hCG × Location × Day
CL diameter (mm) <0.05 NS <0.001 NS <0.01 <0.01 <0.05
P4 concentration (ng/ml) <0.001 NS <0.001 <0.01 <0.05 NS NS
E2 concentration (pg/ml) <0.01 NS <0.01 NS NS NS NS

Data were analyzed by three-way ANOVA. hCG, human chorionic gonadotropin; CL, corpus luteum; NS, not statistically different; P4, progesterone; E2, estradiol.
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hCG. Similarly, there was no difference in E2 levels between untreated ipsilateral and contralateral heifers.

ET conception rate
The ET conception rates were 70% (28/40) and 84% (32/38) in untreated and hCG treatment groups, respectively. Furthermore, 

the ET conception rates were 70% (16/23) and 76% (16/21) for untreated and hCG-treated ipsilateral heifers, respectively and 71% 
(12/17) and 94% (16/17) for untreated and hCG-treated contralateral heifers, respectively.

DISCUSSION

The administration of hCG, on day 5 post-ovulation, to contralateral heifers with synchronized ovulation and subjected to ET 
significantly promoted original CL development and increased plasma P4 concentration. In contrast, hCG administration had no 
significant effect on these parameters in ipsilateral heifers.
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Fig. 2. Original corpus luteum diameters on days 5, 7, and 14 in the hCG-treated or untreated ipsilateral (A) and contralateral 
(B) groups. Different superscript letters within a and b between days in the untreated group and within x and y between days 
in hCG-treated group indicate significant difference (P<0.05). **P<0.01: significant difference between no treatment and hCG 
treatment. CL, corpus luteum; hCG, human chorionic gonadotropin.

Fig. 3. Original corpus luteum diameters on days 5, 7, and 14 
between the hCG-treated ipsilateral and contralateral groups. 
Different superscript letters within a and b between days in 
the ipsilateral group and within x and y between days in the 
contralateral group indicate significant differences (P<0.05). 
CL, corpus luteum.

Fig. 4. Accessory corpus luteum diameter on day 14 in the hCG-
treated ipsilateral and contralateral groups. NS: not statistically 
significant; CL, corpus luteum.
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Contralateral heifers that were administered hCG on day 5 had larger original CL diameters on day 7 and higher plasma P4 
concentration on days 7 and 14, compared with untreated heifers. A previous report indicated that hCG administration on day 5 
post-estrus increases the original CL tissue area, induces accessory CL formation, and increases plasma P4 concentration from day 
7 in cross-bred beef heifers [18]. However, hCG administration did not alter the original CL diameter and only slightly increased 
plasma P4 concentration in the ipsilateral group. hCG administration promotes original CL development and function. Even when 
no accessory CL is formed, plasma P4 concentration increases in response to hCG administration in heifers [4, 9] and dairy cows 
[20]. These studies demonstrate that the positive effects of hCG administration on bovine plasma P4 concentration are the result 
of improved original CL function and accessory CL formation. The present study showed that the accessory CL was similar in 
diameter in the ipsilateral and contralateral groups on day 14. Thus, the difference between the ipsilateral and contralateral groups, 
in terms of the effects of hCG treatment on original CL development and function, influenced plasma P4 concentration. However, 
we were unable to determine why the effects of hCG administration on original CL development and function differed between the 
ipsilateral and contralateral groups. A previous study showed that ovarian blood perfusion increases when CL and W1DF occurr 
in the same ovary. In contrast, when the distance between the CL and W1DF walls exceeds 2.0 mm on day 5, the CL and W1DF 
diameters decrease [8]. The CL and W1DF may compete for blood flow in the ovary, resulting in the suppression of mutual CL and 
W1DF development. In the present study, the distances between the ovarian structures may have influenced the effects of hCG on 
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Fig. 5. Plasma progesterone concentration on days 7 and 14 in the hCG-treated ipsilateral (A) and contralateral (B) groups. P4, 
progesterone; hCG, human chorionic gonadotropin.

Fig. 6. Plasma progesterone concentration in the hCG treated 
ipsilateral and contralateral groups. P4, progesterone.

Fig. 7. Plasma estradiol concentration on days 7 and 14 in the 
hCG-treated and untreated heifers, without distinction between 
the ipsilateral and contralateral groups. E2, estradiol.
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original CL development and function and intraovarian blood flow, depending on the locational relationships between the original 
CL and the W1DF/accessory CL. Measurement of the distance between the original CL and the W1DF/accessory CL, and the 
blood flow of each ovarian structure, before and after hCG treatment, are necessary to test this hypothesis.

Our results showed that hCG administration significantly decreased plasma E2 concentration on days 7 and 14, regardless of 
the locational relationship between the original CL and W1DF. A previous study showed that inducing ovulation in the W1DF 
with hCG decreases plasma E2 concentration in Japanese black beef cattle [15]. Removal of the E2-producing W1DF by inducing 
ovulation may have decreased plasma E2 on day 7. Moreover, an increase in plasma P4 concentration suppresses pituitary LH 
secretion and decreases follicle development and function [3]. In the present study, hCG administration significantly increased 
plasma P4 concentration in the contralateral group and slightly increased it in the ipsilateral group, respectively. For heifers 
administered hCG, elevated plasma P4 concentration may have suppressed follicular function, thereby lowering plasma E2 
concentration on day 14, compared with untreated heifers.

High plasma P4 concentration in the early luteal phase promotes fertility in lactating [23] and non-lactating cows [10]. In 
contrast, high plasma E2 concentration after ovulation inhibits bovine embryonic development [2]. Moreover, a decrease in plasma 
E2 concentration during the luteal phase, induced by hCG [15] or GnRH [11], improves fertility in beef and dairy cattle. Here, we 
observed high plasma P4 concentration and low plasma E2 concentration in heifers treated with hCG. Plasma P4 concentration 
was higher in the hCG-treated contralateral group than untreated heifers and those in the ipsilateral group treated with hCG. Hence, 
heifers in the hCG-treated contralateral group may have acquired an endocrine environment that was more suitable for embryonic 
development than those in the other groups. In contrast, this result conflicted with the results reported by Miura et al. [12], who 
found that hCG administration on day 5 post-AI improves the conception rate in ipsilateral, but not contralateral, dairy cows. 
However, our sample size was too small to interpret the outcomes regarding ET conception rate. To evaluate the effects of hCG 
treatment on ET conception rate, an additional study with a larger sample size is necessary. In addition, we used only one breed, 
cross-bred beef heifers (Japanese black ×Holstein), in the present study and thus, our findings may be limited to a certain cattle 
breed. Further investigations are required to determine whether these findings are commonly replicated in other cattle breeds, such 
as dairy cows.

In summary, the administration of hCG to cross-bred heifers on day 5 post-ovulation induced W1DF ovulation and accessory 
CL formation and decreased plasma E2 concentration. Moreover, hCG treatment more significantly promoted CL development and 
increased plasma P4 concentration in the contralateral group than in the ipsilateral group. This study provides new evidence that 
the effect of hCG on bovine ovarian function is influenced by the location of the CL and W1DF. Future studies should examine 
whether the different effects of hCG on plasma P4 concentration between the ipsilateral and contralateral groups affects fertility in 
cattle.
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