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Abstract 

Background: The supplementation of human chorionic gonadotropin (hCG) into 

culture medium in rescue in vitro maturation (r-IVM) has been reported to improve 

the maturation rates of immature oocytes derived from stimulated cycles. However, 

the impact of this enrichment on embryo quality is yet to be understood. The purpose 

of the current study was to investigate the effect of hCG on the embryo quality fol-

lowing r-IVM. 

Methods: A total of 152 immature oocytes consisting of germinal vesicles (GV) and 

metaphase I (MI) were collected and classified into 1) control group (n=73; GV=22, 

MI=51) cultured in culture medium only, and 2) experimental group (n=79; GV= 23, 

MI=56) cultured in culture medium supplemented with 0.5 IU hCG. Study parame-

ters were analyzed using Student’s T-test or Kruskal Wallis and chi-square at a 95% 

confidence level. 

Results: After 24 hr, the maturation rate of the control and experimental groups was 

comparable (57% vs. 70%, p=0.58). Following intracytoplasmic sperm injection 

(ICSI), the fertilization rate was significantly higher in the experimental group than 

in the control group (49% vs. 36%; p=0.03). However, the number of good-quality 

embryos was similar in the groups (16% vs. 6%).  

Conclusion: Our study suggests that hCG supplementation into the culture medium 

during r-IVM does not affect embryo quality but improves the fertilization rate. Fur-

ther research is needed to scrutinize the role of hCG in fertilization. 
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Introduction 

aturation failure after controlled ovarian sti-

mulation (COS) is one restriction to the suc-

cess of in vitro fertilization (IVF). Ap- 
 

proximately 30% of the oocytes retrieved during 

ovum pick-up (OPU) are immature, thereby re-

ducing the availability of mature oocytes and lim-

iting the number of potential embryos (1–3). 

There is still no solid explanation on why some  
 

 

 

 

oocytes remain immature after stimulation (2). It 

has been proposed that immature oocytes may 

originate from non-dominant small follicles where 

the luteinizing hormone (LH)-signaling pathway 

is not fully developed or from large preovulatory 

follicles that do not appropriately respond to hCG 

(2, 4, 5). Ovarian hyper-response, an adverse re-

sponse of the ovary to injectable gonadotropin, 
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has also been implicated, as a higher proportion of 

immature oocytes is usually found among high re-

sponders (6). Moreover, a break in double-strand-

ed DNA is another reported factor contributing to 

the presence of immature oocytes (7).  

r-IVM is a viable alternative protocol for IVF 

patients with a high number of immature oocytes 

after COS. This technique allows for the matura-

tion of COS-derived immature oocytes across var-

ious developmental stages in a laboratory setting, 

thus potentially increasing the number of mature 

oocytes available for fertilization and improving 

the chances of successful pregnancy (8). Studies 

suggest that immature oocytes undergoing r-IVM 

are capable of completing meiosis and fertiliza-

tion at similar rates to sibling metaphase II (MII) 

oocytes. This technique is even superior in wom-

en with diminished ovarian reserve, as evidenced 

by a better maturation rate, fertilization rate, and 

embryo quality compared to women with normal 

ovarian reserve (9, 10). However, while r-IVM 

offers promise to improve IVF outcome, its clini-

cal efficacy is still limited by suboptimal matura-

tion rates and poor developmental potential. As 

such, improving the protocol to better mimic the 

in vivo environment is crucial for realizing the full 

potential of r-IVM. 

Tantitham et al. reported that supplementation of 

hCG into the culture medium increased the matu-

ration of immature oocytes derived from stimulat-

ed cycles. Following 24 hr of culture, it was re-

vealed that the maturation rate of immature oo-

cytes cultured in the hCG-supplemented medium 

was higher compared to those cultured in culture 

medium only (48% vs. 39.2%). An analysis of the 

glucose-6-phosphate dehydrogenase (G6PD) ac-

tivity, a rate-limiting enzyme of the pentose phos-

phate pathway involved in meiosis resumption, 

demonstrated that the proportion of BCB-positive 

oocytes was significantly higher in the hCG-treat-

ed group, supporting the potential role of hCG in 

promoting oocyte maturation (11). A study on 

animals similarly showed that the proportion of 

cumulus-oocyte complexes (COCs) with cumulus 

expansion and the proportion of metaphase II oo-

cytes were the highest in media containing hCG 

(12). Moreover, several studies have demonstrated 

that hCG priming before oocyte retrieval results in 

a higher percentage of metaphase II oocytes at the 

time of retrieval (13, 14). A higher fraction of ma-

ture oocytes after extending the hCG priming du-

ration from 35 to more than 35 hr was also report-

ed (15, 16). 

Oocyte maturation is driven by LH through the 

activation of maturation-promoting factor (MPF), 

a protein complex consisting of Cdc2 and cyclin 

B, leading to the breakdown of the germinal vesi-

cle and the condensation of chromosomes, mark-

ing the start of meiosis (17). Nevertheless, reports 

suggest that hCG can trigger the resumption of 

meiosis via binding to the LH receptor due to 

structural homology (18, 19). hCG has been 

shown to have a higher affinity for the LH recep-

tor compared to LH itself and to be five-fold more 

effective in promoting cAMP activity than equi-

molar concentrations of LH (20). Hence, hCG has 

been used as a surrogate for the LH surge during 

ovarian stimulation (21). However, although the 

effect of hCG on oocyte maturation of immature 

oocytes obtained from unstimulated or stimulated 

cycles has been well recognized, its effect on the 

embryo quality following r-IVM is unknown. The 

purpose of the current study was to investigate the 

effect of hCG supplementation on the embryo 

quality of immature oocytes after r-IVM. 

 

Methods 

Study population: This experimental study was 

conducted at Melati Clinic, Harapan Kita Women 

and Children Hospital, Jakarta, Indonesia, from 

February 2018 to August 2021. A total of 44 in-

fertile women who had undergone IVF due to pri-

mary or secondary infertility were included in the 

study. Women aged ≥35 years, those with male 

factor infertility, and poor responders were ex-

cluded from the study. The sample size was calcu-

lated using a formula for a randomized controlled 

design with 80% power and a 5% significance 

level. According to the calculation, a total of 74 

samples (37 samples per group) were required. 

Only oocytes with normal appearance and mor-

phology were used in each group. Oocytes with 

abnormalities in shape, cytoplasm, granularity, or 

perivitelline space were excluded from the study. 

Total population sampling was conducted due to 

the small size of the study population. A total of 

152 immature oocytes consisting of GV and MI 

oocytes were retrieved and randomly classified 

into 1) control group (n=73; GV=22, MI=51) cul-

tured in culture medium only, and 2) experimental 

group (n=79; GV=23, MI=56) cultured in culture 

medium with 0.5 IU hCG supplementation. The 

hCG dose was selected based on its extensive use 

in human oocyte IVM, despite being non-physio-

logical (11, 22). The randomization of oocytes 

into groups was performed using a computer-
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generated random number table. This study was 

approved by the Ethics Committee of Harapan 

Kita Women and Children Hospital (IRB/22/06/ 

ETIK/2021). 
 

Ovarian stimulation and oocyte culture: All study 

participants received an antagonist ovarian stimu-

lation protocol. Briefly, 150-225 IU rFSH (Folli-

tropin alfa, Gonal F; Merck Serono, Germany) per 

day was administered starting from the second 

day of the menstrual cycle. GnRH antagonist (Ce-

trotide; Asta Medica, Germany) was later given 

on the fifth day of the menstrual cycle. When 

there were at least three ≥18 mm follicles, hCG 

10.000 IU was administered, and OPU was per-

formed in the next 34-36 hr. COC was collected 

and cultured in a fertilization medium (G IVF 

Plus; Vitrolife, Sweden) for 2 hr under 6% CO2. 

The remaining cumulus cells were removed by 

hyaluronidase (Hyase; Vitrolife, Sweden). 
 

Maturation, fertilization, and embryo quality assess-

ment: Following 24 hr of culture, nuclear matura-

tion was assessed by the presence of the first polar 

body in the perivitelline space. Oocyte maturation 

rate was calculated as the percentage of MII oo-

cytes relative to the total number of cultured oo-

cytes. MII oocytes were then inseminated by IC-

SI; meanwhile, GV and MI oocytes were classi-

fied as immature oocytes and were divided into a 

control and experimental group as described in the 

study population. Fertilization was evaluated in 

the following 18 hr by the presence of two polar 

bodies. Fertilization rate was calculated by divid-

ing the total number of fertilized oocytes at the 

pronuclear stage by the total number of MII-in-

seminated oocytes, multiplied by 100. Fertilized 

oocytes were cultured for the next two days to 

observe their embryonic development. Embryos 

were morphologically graded into good, moder-

ate, and poor according to Alpha Scientists in Re-

productive Medicine and ESHRE recommenda-

tions (23).  
 

Statistical analysis: Descriptive statistics were 

used to summarize the characteristics of the study 

participants. Categorical and numerical variables 

were presented as the number of subjects and per-

centage (%), mean±standard deviation, or median 

(minimum–maximum) if applicable. Quantitative 

and qualitative data were analyzed using Stu-

dent’s T-test or Kruskal Wallis and chi-square at a 

95% confidence level. Statistical analysis was per-

formed using Statistical Package for the Social 

Sciences (SPSS) software, version 24 (IBM, USA). 

 
Results 

Characteristics of the studied participants are 

summarized in table 1. The mean age of partici-

pants in the control and experimental group was 

34.43±3.23 and 33.55±4.04 years, respectively 

(p=0.43), with normal BMI (22.82±1.68 vs. 

23.22±2.84, p=0.06). Among 23 women in the 

control group, 5 (21.7%) participants had tubal 

factor infertility, 15 (65.2%) participants had en-

Table 1. Characteristics of study participants 
 

Characteristics 
Overall 

(n=44) 

Control group 

(n=23) 

Experimental group 

(n=21) 
p-value 

Age (years) 33.73±3.73 34.43±3.23 33.55±4.04 0.43 

BMI (kg/m2) 23.12±5.24 22.82±1.68 23.22±2.84 0.06 

Etiology of infertility     

   Tubal factor 11 (25.0) 5 (21.7) 6 (28.6) 

- 
   Endometrial factor 26 (59.1) 15 (65.2) 11 (52.4) 

   PCO 2 (4.5) 1 (4.3) 1 (4.8) 

   Other factors 5 (11.4) 2 (8.7) 3 (14.3) 

Antral follicle count 10.29±5.76 10.41±5.60 10.14±6.16 0.54 

Stimulation duration (days) 10.72±1.40 10.23±1.16 10.62±1.51 0.67 

Oocyte yield     

   GV 1 (0–7) 2 (0–5) 1 (0–7) 

0.49    MI 1 (0–5) 1 (0–5) 1 (0–3) 

   MII 9 (5–13) 9 (6–11) 9 (5–13) 

Gonadotropin dosage (IU) 2509.45±792.46 2550.16±680.92 2510.84±761.39 0.51 
 

Data are presented as mean±standard deviation (SD) for age, BMI, antral follicle count, stimulation duration, and gonadotropin dosage; medi-

an (min–max) for oocyte yields and number of subjects (percentage) for etiology of infertility. Student’s T-test or Kruskal–Wallis tests were 

used for the numerical variables. Chi-square tests were used for the categorical variables. BMI=Body Mass Index, GV=Germinal Vesicle, 

MI=Metaphase I, MII=Metaphase II 
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dometrial factor infertility, 1 (4.3%) participant 

had PCO, and 2 (8.7%) participants had infertility 

due to other factors. In the experimental group, 

the number of women with tubal factor infertility, 

endometrial factor infertility, PCO, and other  

factors was 6 (28.6%), 11 (52.4%), 1 (4.8%), and 

3 (14.3%), respectively. No significant differences 

were found in terms of the etiology of infertility 

between groups. The antral follicle count, stimula-

tion duration, and total gonadotropin dosage were 

similar between the control and the experimental 

group (10.41±5.60 vs. 10.14±6.16, p=0.54; 10.23± 

1.16 vs. 10.62±1.51, p=0.67; and 2550.16±680.92 

vs. 2510.84±761.39, p=0.51). 

The median of retrieved oocytes was 1, 1, and 9 

for GV, MI, and MII oocytes, respectively (p= 

0.49). After 24 hr of culture, immature oocytes in 

the experimental group had a similar maturation 

rate to that of the control group (70% vs. 57%; p= 

0.58). Specifically, the number of GV oocytes that 

developed into MII oocytes and MI oocytes that 

developed into MII oocytes were 14 vs. 8 and 42 

vs. 34, respectively (p=0.36; Table 2).  

After ICSI, fertilization rates of the experimental 

group were significantly higher than the control 

group (49% vs. 36%, p=0.03; Table 3). However, 

embryo quality was comparable between the con-

trol and experimental groups (p=0.06; Table 3). 

The proportion of good, moderate, and poor- qua-

lity embryos in the control and experimental 

groups was 6% vs. 16%, 18 vs. 34%, and 76% vs. 

50%, respectively. 

Discussion 

In the present study, hCG supplementation into 

the culture medium did not improve embryo qual-

ity during r-IVM, but it significantly increased 

fertilization rate. There are two types of IVM, 

based on the origin of the cultured immature 

oocyte, namely IVM and r-IVM. IVM refers to 

the maturation of oocytes retrieved from unstimu-

lated or minimally stimulated cycles, whereas r-

IVM involves the maturation of oocytes retrieved 

from stimulated IVF cycles that were initially in-

tended for fertilization but were found to be im-

mature (24). The clinical use of r-IVM remains a 

topic of debate, with studies showing both bene-

fits and drawbacks. Nonetheless, although r-IVM 

represents a valuable tool in preserving mature 

oocytes, its ability to support subsequent embryo 

development remains a subject of ongoing re-

search (8, 25). 

In vivo, oocyte maturation is a tightly controlled 

process involving intricate interactions among 

hormones, somatic cells, and transcription factors. 

In contrast, oocytes matured in vitro lack these re-

gulatory mechanisms due to removal from their 

follicular environment, leading to a decrease in 

intra-oocyte cAMP concentration and spontane-

ous maturation, which potentially compromises 

the quality of the resulting oocytes and embryos 

(24). Achieving effective r-IVM is particularly 

challenging because oocytes are cultured only 

after cumulus cell removal, which deprives them 

of essential support. Hence, various strategies 

Table 3. Fertilization rate and embryo quality 
 

Characteristics Control group Experimental group p-value 

Embryo quality    

   Good 1 (6) 4 (16) 
    Moderate 3 (18) 8 (34) 

   Poor 13 (76) 12 (50) 

Fertilization 16 (36) 24 (49) 0.03 
 

Data are presented as number (percentage). Chi-square tests were used for statistical analysis at 95% 

confidence level 

 

Table 2. Maturation rate 
 

Characteristics Control group Experimental group p-value 

Immature 73 79 - 

GV 22 23 - 

MI 51 56 - 

Maturation rate 42 (57) 56 (70) 0.58 

GV to MII 8 (36) 14 (60) - 

MI to MII 34 (67) 42 (75) - 
 

Data are presented as numbers and percentages. Chi-square tests were performed with a 95% 

confidence level. GV=Germinal Vesicle, MI=Metaphase I, MII=Metaphase II 
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have been explored to improve the protocol, in-

volving supplementation of culture media with 

hormones and growth factors (24, 26, 27).  

In 2020, Tantitham et al. investigated for the 

possible benefit of hCG on in vitro maturity of 

oocytes obtained from ovarian stimulation cycles 

for IVF (11). hCG is a glycoprotein secreted by 

the trophoblast after conception (28). In the trad-

itional view, it biologically functions to stimulate 

progesterone release from the corpus luteum, 

making it essential for the maintenance of preg-

nancy (29). However, some studies have suggest-

ed that hCG also plays an important role in oocyte 

maturation as it mimics LH action (16, 22). In the 

present study, the maturation rate of oocytes cul-

tured in hCG-supplemented medium was higher 

compared to those cultured in hCG-free medium, 

but this difference was not statistically significant. 

Although not statistically significant, our study 

has illuminated the potential link between hCG 

and meiosis resumption. 

The role of hCG in meiosis resumption is medi-

ated through its binding to the LH receptor. Due 

to structural homology, hCG and LH share the 

same alpha subunit and about 85% of the beta 

subunit amino acid sequence, allowing hCG to 

mimic LH and activate the LH receptor (18, 19). 

Studies suggest that LH receptor is highly ex-

pressed in the mural granulosa cells, and its ex-

pression in cumulus cells gradually decreased 

from MII oocytes to GV oocytes (30). In the pre-

sent study, the oocytes were denuded, potentially 

resulting in the loss of LH receptors. However, 

immature oocytes in this study retained some cu-

mulus and granulosa cells, presumably due to fac-

tors like the presence of more gap junctions and a 

more compact arrangement of cumulus cells. This 

explains why hCG still functions on oocytes after 

denudation.  

Following ICSI, our study demonstrated that the 

fertilization rate is significantly higher in oocytes 

cultured in hCG-supplemented medium. There is 

limited data regarding the effect of hCG on fertili-

zation. However, Drakakis et al. in 2009 reported 

that hCG addition to rFSH during ovarian stimula-

tion resulted in a higher fertilization and pregnan-

cy rate, with a trend toward improved implanta-

tion rates (31). Fertilization is the insertion  of 

paternal chromosome to oocyte by which only a 

completely mature oocyte will be recognized and 

fertilized by a penetrating sperm (32). hCG is re-

ported to have five-fold greater potency than LH 

on activating cAMP pathway and its production, 

whereas cAMP is known to regulate sperm motili-

ty and the acrosome reaction, both of which sup-

port sperm entry into the oocyte (33, 34). It seems 

that hCG supplementation in the experimental 

group of the present study enhanced cAMP pro-

duction, thus enhancing the fertilization rate.  

In terms of embryo development, to the best of 

our knowledge, this is the first study to investigate 

the effect of hCG supplementation on embryo 

quality. Therefore, no corresponding data are cur-

rently available. Nevertheless, Ramu et al. (2011) 

found that hCG was detected in 93 out of 102 of 

day-two embryo culture media using enzyme-

linked immunosorbent assay. Correlation analysis 

demonstrated that the abundance of hCG was in-

dependent of embryo developmental status (35). 

Based on these findings, hCG appears to be natu-

rally re-leased by the embryo during the culture 

process. Therefore, it is plausible that the compa-

rable embryo quality observed in this present 

study could be due to the presence of hCG in the 

control group, suggesting that the addition of 0.5 

IU hCG to the culture medium in the experimental 

group was insufficient. A limitation of this study 

is the small sample size due to the limited availa-

bility of immature oocytes. Future animal experi-

ments are needed to validate these results.  

 

Conclusion 

Our study indicated that the addition of hCG into 

the culture medium of immature oocytes (GV, 

MI) does not affect embryo quality after r-IVM. 

However, it significantly improves the fertiliza-

tion rate. Further research is required to investi-

gate the role of hCG in fertilization. 
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