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ABSTRACT 
 

 

Abstract: To investigate whether oocyte centrally located cytoplasmic granulation (CLCG) affects 

embryonic development, blastocyst formation, and pregnancy outcomes in assisted reproductive 

technology, fifty patients with CLCG in all oocytes were selected as the CLCG group. Then, 150 

patients with no abnormal oocyte morphology were randomly recruited as the control group. Both 

groups underwent laparoscopy, hysterosalpingography (HSG), vaginal ultrasound, and male semen 

examination. The down-regulation regimen was selected regarding the patient’s ovarian reserve. The 

egg maturation rate, normal fertilization rate, cleavage rate, available embryo rate, and high-quality 

embryo rate in the CLCG group were greatly inferior to those in the control group, with remarkable 

differences (P< 0.05). CLCG grading of oocytes after 30 cycles in the CLCG group indicated that there 

were 36 cases in the mild group and 14 cases in the severe group. The egg maturation rate in the mild 

group was lower than that in the severe group, with a notable difference (P< 0.05). The fertilization rate, 

cleavage rate, available embryo rate, and high-quality embryo rate in the mild group were higher than 

those in the severe group, with a notable difference (P< 0.05). Compared with the control group, there 

was no considerable difference in the implantation rate, clinical pregnancy rate, and abortion rate 

between the CLCG group (P> 0.05). In summary, oocyte CLCG may affect fertilization, embryonic 

development, and blastocyst formation, but not pregnancy outcomes 
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Introduction 

 Oocyte cytoplasmic granulation is a common 

oocyte morphology, and granulation is when the 

cytoplasm of the whole oocyte is thick, showing a 

granular state, and it can also show central 

cytoplasmic granulation (1). The oocyte centrally 

located cytoplasmic granulation (CLCG) is 

characterized by a darkened, rough central cytoplasm, 

and localized granules thickening, which is clearly 

demarcated from the surrounding normal cytoplasm 

(2-5). During the natural cycle, the maturation of the 

oocyte nucleus and cytoplasm is usually 

synchronized. When ovulation is promoted, the 

nucleus and cytoplasm may be in different maturation 

stages, which may be one of the mechanisms of 

cytoplasmic granulation. In addition, some studies 

suggested that the patient’s age, genetic defects, 

nutritional conditions, environmental factors, and 

ovulation induction programs may be related to the 

formation of CLCG (6,7). The degree of granulation is 

mainly distinguished by the size of the granulated area 

and the depth of the damage. Virant-Klun et al. (2018) 

(8) classified the granulation area as greater than 50% 

of the cytoplasmic area, and the surface was crater-

like, which was classified as severe central 

granulation. If the granulated area was less than 50%, 

and there was no clearly distinguishable boundary, it 

was classified as slightly granulated. 

Currently, there is no consensus in the field of 

reproductive medicine regarding the relationship 

between CLCG and clinical outcomes of assisted 

reproductive therapy. Several studies indicated that 

patients with granulated oocytes have the same 

fertilization rate, high-quality embryo rate, blastocyst 

formation rate, implantation rate, clinical pregnancy 

rate, and survival rate compared with patients with 

normal oocyte cytoplasm (9-11). Therefore, it was 

believed that cytoplasmic granulation may be the 

normal morphology of oocytes and can’t be used as a 

key indicator to assess the quality of oocytes. 

However, some other studies suggested that the 

fertilization rate, high-quality embryo rate, and 

https://creativecommons.org/licenses/by/4.0/
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blastocyst formation rate of cytoplasmic granulated 

oocytes were remarkably reduced, suggesting that 

CLCG may affect its fertilization and early embryo 

development (12-14). The differences in the results of 

these studies may be due to factors such as sample 

size, research methods, and the particularity and 

complexity of the patients themselves. 

In this study, patients with no abnormal oocyte 

morphology were selected as the control group, and 

patients with CLCG in all oocytes were selected as the 

CLCG group. The differences in fertilization, 

embryonic development, and clinical outcomes 

between the two groups were compared, to further 

evaluate the effect of CLCG on oocyte fertilization, 

embryonic development, and pregnancy outcomes and 

improve the safety and efficacy of in vitro 

fertilization-embryo transplantation (IVF-ET) 

treatment. 

 

Materials and methods 

 

Research objects 

A retrospective analysis was conducted on patients 

who underwent routine IVF-ET at Jingzhou Central 

Hospital Reproductive Center from April 2019 to 

December 2021. Fifty patients with CLCG of all 

oocytes were selected as the CLCG group. 150 

patients with normal oocyte morphology were 

randomly selected as the control group. Both groups 

underwent laparoscopy, hysterosalpingography 

(HSG), vaginal B ultrasound, reproductive endocrine 

examination, and male semen examination. 

Confirmed causes of infertility included tubal pelvic 

factors, endometriosis, male oligospermia, and 

polycystic ovary syndrome (PCOS). Patients whose 

eggs were frozen due to egg donation or sperm 

collection failure were excluded. 

 

Oocyte evaluation and embryo grading 

Hyaluronidase degranulation was performed 1 h 

after egg retrieval (D0), and IVF-ET was performed 

4-6 h later. The morphological characteristics of 

oocytes were recorded under an inverted microscope 

(Nikon, × 200 magnification) equipped with a 

Hoffman modulation phase contrast system and a 

thermostatic hot stage. Figure 1 showed human 

oocytes at different maturation stages. Germinal 

vesicles can be seen in the cytoplasm of immature 

oocytes (GV stage). The germinal vesicles in the 

cytoplasm of oocytes in the middle mature stage (MI 

stage) disappeared, but the first polar body was not 

seen in the periovular space. In mature oocytes (MII 

stage), germinal vesicles in the cytoplasm 

disappeared, and the first polar body was seen in the 

periovular space. 

The morphology of the cleavage-stage embryos 

was assessed at 42-44 h after fertilization (D2) and 

66-68 h after fertilization (D3), and the number of 

embryos, fragmentation ratio, and cell size was 

observed. Early embryos were classified into four 

grades regarding morphological features. Embryos of 

grades I and II were high-quality embryos, and 

embryos of grades I to III were available embryos and 

can be transferred or frozen. Figure 2 showed the 

grading of cleavage stage embryos. Grade I: the 

embryo developed at a normal rate, the blastomere 

was uniform in size, and the fragment content was 

within 5%. Grade II: the embryo developed at a 

normal rate, the blastomere size was slightly uneven, 

and the fragment content was 6%-20%. Grade III: the 

embryonic development speed was generally normal, 

the blastomere size was uneven and obvious, and the 

fragment content was 21%-50%. Grade IV: the 

embryo developed abnormally, the blastomere size 

was very uneven, and the fragment content was more 

than 50%. 

 

 

 

 

 

Figure 1. Human oocytes at different maturation 

stages. A: immature oocyte (GV stage); B: 

intermediate mature oocyte (MI stage); C: mature 

oocyte (MII stage). 

 

Grading evaluation criteria for CLCG of oocytes 

Oocyte CLCG was graded into mild and severe 

regarding the degree of central cytoplasmic darkening, 

roughness, and localized granule thickening (15). 

Mild meant that the CLCG area had a significant 

boundary with the surrounding normal cytoplasm, the 

area of the CLCG area was less than 1/2 of the 

cytoplasm area, the degree of local particle thickening 

was light, and the degree of blackening is light. 
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Severe referred to the obvious boundary between the 

CLCG area and the surrounding normal cytoplasm, 

the area of the CLCG area was larger than 1/2 of the 

cytoplasm area, the local granules were thicker, and 

the central cytoplasm was obviously darkened. Figure 

3 showed the graded assessment of oocyte CLCG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Grading of cleavage stage embryos. A (grade I): 

the embryo developed at a normal rate, and the fragment 

content was within 5%; B (grade II): the embryo developed 

at a normal rate, and the fragment content was 6%-20%; C 

(grade III): the embryonic development speed was 

generally normal, and the fragment content was 21%-50%; 

D (grade IV): the embryo developed abnormally, and the 

fragment content was more than 50%. 

 

 

 

 

 

 

 

 

Figure 3. Grading assessment of oocyte CLCG. A: mild 

oocyte CLCG; B: severe oocyte CLCG. 

 

Controlled superovulation program 

The down-regulation program was selected 

regarding the patient’s ovarian reserve, that was, the 

number of antral follicles on the third day of 

menstruation, basal endocrine, and age. 

A short-acting gonadotropin-releasing hormone 

agonist (GnRH-a, Beijing Lebo Biotechnology Co., 

Ltd., China) was used in the mid-luteal phase of the 

cycle before the initiation of the long regimen. One 

week later, the transvaginal B-ultrasound was 

performed for reexamination. If there was a 

physiological cyst, puncture and drainage should be 

performed immediately under the guidance of vaginal 

B-ultrasound. Gonadotropin (Gn, Serono, 

Switzerland) was injected from the 3rd to 6th day of 

menstruation regarding the pituitary downregulation 

and ovarian reserve. Vaginal ultrasound was 

performed to detect the growth of follicles, and the Gn 

dose was adjusted at any time. When the diameter of 

more than one follicle was ≥18mm, 10000IU of HCG 

was injected, and the eggs were retrieved under the 

guidance of vaginal ultrasound after 36-38 hours. 

Short regimen: GnRH-a was utilized on day 2 of 

menstruation, and Gn was injected on day 3. 

Antagonist regimen: Gn was injected on the third 

day of menstruation, and when the largest follicle 

diameter reached 12-14 mm, a gonadotropin-releasing 

hormone antagonist (GnRH-ant, Ferring 

Pharmaceuticals Co., Ltd., China) was added. 

Ultra-long regimen: long-acting GnRH-a was 

injected on the 2nd day of the menstrual cycle or mid-

luteal phase, 28 days/1 times, with a total of 2 to 3 

times; on the 29th day of the last injection, B-

ultrasound was performed to monitor the situation to 

determine the Gn injection time. 

 

Blastocyst scoring 

The blastocysts were scored according to the 

Gardner scale (16), and the blastocysts were scored on 

a scale of 1-6 according to the expansion and hatching 

status of the blastocysts. The blastocysts of grades 3-6 

were assessed according to the inner cell mass (ICM) 

and trophectoderm (TE) and were classified into 

grades A, B, and C. Blastocysts with grade B or better 

ICM and TE were selected for vitrification or transfer 

as available blastocysts. 

 

Observation indicators 

The blastocyst rate, implantation rate, clinical 

pregnancy rate, live birth rate, miscarriage rate, 

average number of eggs retrieved, egg maturation 

rate, normal fertilization rate, cleavage rate, available 

embryo rate, high-quality embryo rate, clinical 

pregnancy rate, implantation rate, and miscarriage rate 

were calculated in the following equations. 

A B 
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[1]

   
   

    

number of frozen blastocysts
Available blastocyst rate

number of embryos continuously cultured
=

                            
[2]

   
   

   

number of gestational sac
Implantation rate

number of embryos transferred
=

 
[3]

    
   

    

number of clinical pregnancy cycles
Clinical pregnancy rate

number of embryo transfer cycles
=                               

[4]

      
    

    

number of delivery cycles of live birth
Live birth rate

number of embryo transfer cycles
=

 

[5]
 

  
  

abortion cycles
Abortion rate

clinical pregnancy cycles
=                                          

[6]
    

      100%
    

total number of eggs retrieved
Average number of eggs retrieved

number of egg retrieval cycles
= 

[7]
   

      100%
    

number of MII eggs
Maturity rate of eggs

total number of eggs obtained
= 

                

[8]
2PN

    100%
 

Normal fertilization rate
MII eggs

=                                        

[9]
   

    100%
2  

number of cleavage embryos
Cleavage rate

PN number
= 

                             

[10]
 

     100%
   

I II III embryos
Available embryo rate

number of eggs obtained

+ +
= 

[11]
 

    100%
    

I II embryos
High quality embryo rate

number of eggs obtained

+
− = 

       

[12]
   

      100%
   

number of clinical pregnancies
Clinical pregnancy rate

number of transplant cycles
= 

[13]
    

   100%
   

number of intrauterine gestational sacs
Implantation rate

number of transplanted embryos
= 

  

[14]   

  
    100%

   

number of abortions
Abortion rate

number of clinical pregnancies
= 

          
 

Statistical methods 

Excel was utilized to establish a database for all 

data in this study, and SPSS 19.0 version statistical 

software was employed for data analysis. Mean ± 

standard deviation (x±s) was used for measurement 

data, χ2 test was used for counting data, and 

percentage (%) was used for counting data. The 

difference was statistically significant at P< 0.05. 

 

Results 

 

Comparison of general conditions of the two 

groups of patients 

In the CLCG group, there were 31 cases of primary 

infertility and 19 cases of secondary infertility, while 

there were 115 cases of primary infertility and 35 

cases of secondary infertility in the control group. 

There were no considerable differences in the mean 

age, years of infertility, basal follicle-stimulating 

hormone (FSH), and endometrial thickness between 

the two groups (P> 0.05). Table 1 showed that the 

mean body mass index (BMI) and mean Gn usage 

days were statistically considerable (P< 0.05). 

Table 1. Comparison of the basic conditions of the two 

groups of patients (x±s) 

 
Note: * indicated that compared with the control group, the 

difference was statistically considerable, P< 0.05. 

 

Comparison of fertilization, cleavage, and 

embryonic development between two groups 

In the CLCG group, 356 eggs were retrieved, 

including 325 eggs in the meiotic metaphase (MII 

stage), and the egg maturation rate was 91.29%. In the 

control group, 648 eggs were retrieved, including 617 

MII eggs, and the egg maturity rate was 95.21%. The 

egg maturity rate, normal fertilization rate, cleavage 

rate, available embryo rate, and high-quality embryo 
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rate in the CLCG group were greatly inferior to those 

in the control group (P< 0.05, Figure 4). 

 

 

Figure 4. Comparison of fertilization, cleavage, and 

embryonic development between the two groups. 

Note: * indicated that compared with the CLCG group, the 

difference was statistically considerable, P< 0.05. 

 

The effect of oocyte CLCG degree on fertilization, 

cleavage, and embryonic development 

CLCG grading of oocytes after 30 cycles in the 

CLCG group suggested that there were 36 cases in the 

mild group and 14 cases in the severe group. The egg 

maturation rate of the mild group was greatly inferior 

to that of the severe group, with a notable difference 

(P< 0.05). Figure 5 showed that the fertilization rate, 

cleavage rate, available embryo rate, and high-quality 

embryo rate in the mild group were remarkably higher 

than those in the severe group (P< 0.05). 

 

 

Figure 5. Comparison of fertilization, cleavage, and 

embryo development in mild and severe groups. 

Note: * indicated that compared with the severe group, the 

difference was statistically considerable, P< 0.05. 

 

Comparison of pregnancy outcomes between the 

two groups 

The CLCG group was transplanted for 26 cycles (3 

cycles without embryo transfer after thawing), and the 

control group was transplanted for 185 cycles (6 

cycles without embryo transfer after thawing). The 

average number of embryos transferred between the 

CLCG group and the control group was 2.56±0.54 VS 

2.15±0.52, and there was no statistical difference (P> 

0.05). Compared with the control group, the 

implantation rate, clinical pregnancy rate, and 

abortion rate of the CLCG group had no statistical 

significance (P> 0.05, Figure 6). 

 

 

Figure 6. Comparison of pregnancy outcomes between the 

two groups 

 

Analysis of clinical factors of oocyte CLCG 

In the control group, there were 118 cases of the 

long regimen (accounting for 78.66% of the total 

cycle) and 32 cases of the short regimen (accounting 

for 21.33% of the total cycle). In the CLCG group, 

there were 38 cases of the long regimen (accounting 

for 76% of the total cycle) and 12 cases of the short 

regimen (accounting for 24% of the total cycle). The 

average Gn usage days and average Gn total in the 

CLCG group were remarkably higher than those in the 

control group, with substantial differences (P< 0.05). 

According to the comparison of the controlled 

superovulation regimen, the average Gn usage days 

and the average Gn total use in the CLCG group were 

higher than those in the control group, with substantial 

differences (P< 0.05). The average Gn usage days of 

the short regimen in the CLCG group was higher than 
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that in the control group, with a notable difference (P< 

0.05). Figure 7 showed that there was no statistical 

difference between the total amount of Gn used and 

the control group (P> 0.05). 

 

 
Figure 7. Comparison of Gn usage in two groups of 

patients with different regimens. Note: * indicated that 

compared with the control group, the difference was 

statistically considerable, P< 0.05. 

 

Discussion 

Oocyte CLCG is one of the common oocyte 

morphological abnormalities, and the cause and 

mechanism of its formation are still unclear (17-20). 

Studies revealed that in the natural cycle, the 

maturation of the oocyte nucleus and cytoplasm often 

occurs synchronously, but the development of the two 

may be asynchronous in the ovulation cycle (21-23). 

During nuclear maturation, the cytoplasm may be in 

different maturation stages, possibly resulting in 

abnormal cytoplasmic morphology (24,25). In this 

study, four special patients were found. In the first 

cycle, three patients had no oocyte CLCG, but in the 

second cycle, all oocytes showed CLCG. In the fourth 

patient, all oocytes showed CLCG in the first cycle, 

but no CLCG was found in the second cycle. Two 

patients were treated with a short regimen and an 

antagonist regimen, respectively, the third patient was 

treated with a long regimen twice, and the fourth 

patient was treated with a short regimen and an ultra-

long regimen. The amount of Gn used in each cycle of 

these four patients was different, which indicated that 

the down-regulation regimen or other relevant links of 

assisted reproductive therapy were closely related to 

the formation of CLCG in oocytes. 

At present, there is no unified conclusion on 

whether oocyte CLCG affects fertilization, early 

embryonic development, and pregnancy (26). 

Brouillet et al. (2020) (27) studied more than 500 

oocyte CLCG and found that there was no 

considerable difference in fertilization rate, embryonic 

development potential, and successful pregnancy 

outcome between oocyte CLCG and normal 

cytoplasmic patients. Therefore, it was believed that 

oocyte CLCG was not an indicator of adverse 

outcomes in IVF, but a normal oocyte morphology. 

Wald et al. (2019) (28) reported that 1,299 oocytes 

with cytoplasmic CLCG were studied. It was found 

that compared with oocytes with normal cytoplasm, 

the fertilization rate, high-quality embryo rate, and 

available embryo rate of cytoplasmic CLCG were 

remarkably lower. Furthermore, the blastocyst 

formation rate of oocyte CLCG was remarkably 

reduced, which further indicated that oocyte CLCG 

might affect oocyte fertilization and embryonic 

development. In this study, the sample size was 

increased and 325 oocytes with cytoplasmic CLCG 

were studied in 150 patients with cytoplasmic CLCG. 

The results showed that compared with oocytes with 

normal cytoplasm, the fertilization rate and available 

embryo rate were remarkably lower in patients with 

cytoplasmic CLCG. The rate of available blastocysts 

in the CLCG group was greatly inferior to that in the 

normal cytoplasmic group, indicating that the 

morphology of oocyte CLCG may affect oocyte 

fertilization, embryonic development, and the 

formation of available blastocysts. 

Studies reported that oocyte CLCG can reduce the 

embryo implantation rate and clinical pregnancy rate 

of patients. However, Nagyová et al. (2021) (29) 

reported that compared with patients with normal 

cytoplasm, the clinical pregnancy rate of oocyte 

CLCG patients was not remarkably different, but the 

miscarriage rate was remarkably higher. The results of 

this study showed that the embryo implantation rate, 

clinical pregnancy rate, and live birth rate of the 

CLCG group were lower than those of the normal 

cytoplasmic morphology group, but the difference 

was not statistically considerable (P> 0.05). In the 

later stage, the sample size of oocyte CLCG pregnant 

patients needs to be increased for further research. 

Excessive use of Gn may interfere with oocyte 

developmental regulation and synchronization. If the 
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nuclear and cytoplasmic maturation is not 

synchronized, the maturation rate of the oocyte will be 

greatly reduced, resulting in an increased incidence of 

chromosomal abnormalities. It indicates that the basal 

FSH value, ovarian dysfunction, Gn usage days, and 

dosage of assisted reproductive therapy may be 

related to the formation of oocyte CLCG. There were 

no considerable differences in age, basal FSH value, 

and average infertility years between the two groups 

of patients selected in this study. It showed that the 

unreasonable down-regulation program may lead to 

the long use of Gn and the increase of the total dose, 

which may lead to the formation of oocyte CLCG. 

 

Conclusion 

In this research, 50 patients with CLCG of all 

oocytes were selected as the CLCG group, and 

patients with completely normal oocytes were selected 

as the control group. After elimination of the 

interference of other morphologically abnormal 

oocytes on the outcome, the fertilization, early 

embryonic development, blastocyst formation, and 

pregnancy outcome of oocyte CLCG were 

systematically analyzed. The results confirmed that 

oocyte CLCG may affect fertilization, embryonic 

development, and blastocyst formation, but not 

pregnancy outcomes. However, there are certain 

shortcomings in this study. Due to the limitation of 

study duration, the sample size is too small. 

Therefore, it is necessary to increase the sample size 

of oocyte CLCG in pregnant patients in the later stage 

to further verify the conclusions of this study. In 

conclusion, it is believed that this research can 

provide some ideas and experimental support for 

increasing the success rate of IVF-ET. 

 

Acknowledgement 

The research is supported by: Hubei Provincial 

Health and Family Planning Scientific Research 

Support Project (No. WJ2018H177). 

 

References 

1. Vollenhoven B, Hunt S. Ovarian ageing and the 

impact on female fertility. F1000Res. 2018 Nov 

22;7:F1000 Faculty Rev-1835. doi: 

10.12688/f1000research.16509.1. PMID: 

30542611; PMCID: PMC6259486. 

2. Dolmans MM, Donnez J. Fertility preservation in 

women for medical and social reasons: Oocytes 

vs ovarian tissue. Best Pract Res Clin Obstet 

Gynaecol. 2021 Jan;70:63-80. doi: 

10.1016/j.bpobgyn.2020.06.011. Epub 2020 Jul 

21. PMID: 32800711. 

3. Clarke HJ. Regulation of germ cell development 

by intercellular signaling in the mammalian 

ovarian follicle. Wiley Interdiscip Rev Dev Biol. 

2018 Jan;7(1):10.1002/wdev.294. doi: 

10.1002/wdev.294. Epub 2017 Sep 11. PMID: 

28892263; PMCID: PMC5746469. 

4. Warzych E, Lipinska P. Energy metabolism of 

follicular environment during oocyte growth and 

maturation. J Reprod Dev. 2020 Feb 14;66(1):1-

7. doi: 10.1262/jrd.2019-102. Epub 2019 Dec 2. 

PMID: 31787727; PMCID: PMC7040205. 

5. Ahmed TA, Ahmed SM, El-Gammal Z, 

Shouman S, Ahmed A, Mansour R, El-Badri N. 

Oocyte Aging: The Role of Cellular and 

Environmental Factors and Impact on Female 

Fertility. Adv Exp Med Biol. 2020;1247:109-

123. doi: 10.1007/5584_2019_456. PMID: 

31802446. 

6. Fontana J, Martínková S, Petr J, Žalmanová T, 

Trnka J. Metabolic cooperation in the ovarian 

follicle. Physiol Res. 2020 Feb 19;69(1):33-48. 

doi: 10.33549/physiolres.934233. Epub 2019 

Dec 19. PMID: 31854191; PMCID: 

PMC8565957. 

7. Richani D, Dunning KR, Thompson JG, Gilchrist 

RB. Metabolic co-dependence of the oocyte and 

cumulus cells: essential role in determining 

oocyte developmental competence. Hum Reprod 

Update. 2021 Jan 4;27(1):27-47. doi: 

10.1093/humupd/dmaa043. PMID: 33020823. 

8. Virant-Klun I, Bauer C, Ståhlberg A, Kubista M, 

Skutella T. Human oocyte maturation in vitro is 

improved by co-culture with cumulus cells from 

mature oocytes. Reprod Biomed Online. 2018 

May;36(5):508-523. doi: 

10.1016/j.rbmo.2018.01.011. Epub 2018 Feb 5. 

PMID: 29503212. 

9. Roth Z. Symposium review: Reduction in oocyte 

developmental competence by stress is 

associated with alterations in mitochondrial 

function. J Dairy Sci. 2018 Apr;101(4):3642-

3654. doi: 10.3168/jds.2017-13389. Epub 2018 

Feb 1. PMID: 29395145. 

10. La Marca A, Capuzzo M. Use of progestins to 

inhibit spontaneous ovulation during ovarian 

stimulation: the beginning of a new era? Reprod 

Biomed Online. 2019 Aug;39(2):321-331. doi: 

10.1016/j.rbmo.2019.03.212. Epub 2019 Mar 29. 

PMID: 31138494. 

11. Grive KJ. Pathways coordinating oocyte attrition 

and abundance during mammalian ovarian 



  Zhang et al./ Oocyte cytoplasmic central granulation on assisted reproductive, 2022, 68(5): 161-169  

 

Cell Mol Biol  168 

 

reserve establishment. Mol Reprod Dev. 2020 

Aug;87(8):843-856. doi: 10.1002/mrd.23401. 

Epub 2020 Jul 27. PMID: 32720428. 

12. Kyono K, Hashimoto T, Toya M, Koizumi M, 

Sasaki C, Shibasaki S, Aono N, Nakamura Y, 

Obata R, Okuyama N, Ogura Y, Igarashi H. A 

transportation network for human ovarian tissue 

is indispensable to success for fertility 

preservation. J Assist Reprod Genet. 2017 

Nov;34(11):1469-1474. doi: 10.1007/s10815-

017-1022-3. Epub 2017 Sep 2. PMID: 28866830; 

PMCID: PMC5699996. 

13. Danis RB, Pereira N, Elias RT. Random Start 

Ovarian Stimulation for Oocyte or Embryo 

Cryopreservation in Women Desiring Fertility 

Preservation Prior to Gonadotoxic Cancer 

Therapy. Curr Pharm Biotechnol. 2017 Nov 

10;18(8):609-613. doi: 

10.2174/1389201018666170808122531. PMID: 

28786354. 

14. Christodoulaki A, Boel A, Tang M, De Roo C, 

Stoop D, Heindryckx B. Prospects of Germline 

Nuclear Transfer in Women With Diminished 

Ovarian Reserve. Front Endocrinol (Lausanne). 

2021 Feb 22;12:635370. doi: 

10.3389/fendo.2021.635370. PMID: 33692760; 

PMCID: PMC7937897. 

15. Pereira N, Voskuilen-Gonzalez A, Hancock K, 

Lekovich JP, Schattman GL, Rosenwaks Z. 

Random-start ovarian stimulation in women 

desiring elective cryopreservation of oocytes. 

Reprod Biomed Online. 2017 Oct;35(4):400-406. 

doi: 10.1016/j.rbmo.2017.06.002. Epub 2017 Jun 

12. PMID: 28647355. 

16. Zhan Q, Sierra ET, Malmsten J, Ye Z, 

Rosenwaks Z, Zaninovic N. Blastocyst score, a 

blastocyst quality ranking tool, is a predictor of 

blastocyst ploidy and implantation potential. F S 

Rep. 2020 Sep 28;1(2):133-141. doi: 

10.1016/j.xfre.2020.05.004. PMID: 34223229; 

PMCID: PMC8244376. 

17. Vaiarelli A, Cimadomo D, Argento C, Ubaldi N, 

Trabucco E, Drakopoulos P, Venturella R, 

Conforti A, Alviggi C, Rienzi L, Ubaldi FM. 

Double stimulation in the same ovarian cycle 

(DuoStim) is an intriguing strategy to improve 

oocyte yield and the number of competent 

embryos in a short timeframe. Minerva Ginecol. 

2019 Oct;71(5):372-376. doi: 10.23736/S0026-

4784.19.04390-9. Epub 2019 Mar 4. PMID: 

30848112. 

18. Fabiani C, Ferrante MG, Meneghini C, Licata E, 

Paciotti G, Gallo M, Schiavi M, Spina V, 

Guarino A, Caserta D, Rago R. Female fertility 

preservation: Impact of cancer on ovarian 

function and oocyte quality. Int J Gynaecol 

Obstet. 2022 Jan;156(1):166-171. doi: 

10.1002/ijgo.13702. Epub 2021 Apr 28. PMID: 

33837528. 

19. Moghadam ARE, Moghadam MT, Hemadi M, 

Saki G. Oocyte quality and aging. JBRA Assist 

Reprod. 2022 Jan 17;26(1):105-122. doi: 

10.5935/1518-0557.20210026. PMID: 

34338482; PMCID: PMC8769179. 

20. Sugishita Y, Okamoto N, Uekawa A, Yamochi 

T, Nakajima M, Namba C, Igarashi S, Sato T, 

Ohta S, Takenoshita M, Hashimoto S, Tozawa A, 

Morimoto Y, Suzuki N. Oocyte retrieval after 

heterotopic transplantation of ovarian tissue 

cryopreserved by closed vitrification protocol. J 

Assist Reprod Genet. 2018 Nov;35(11):2037-

2048. doi: 10.1007/s10815-018-1298-y. Epub 

2018 Sep 1. PMID: 30173352; PMCID: 

PMC6240541. 

21. Tesfaye D, Hailay T, Salilew-Wondim D, 

Hoelker M, Bitseha S, Gebremedhn S. 

Extracellular vesicle mediated molecular 

signaling in ovarian follicle: Implication for 

oocyte developmental competence. 

Theriogenology. 2020 Jul 1;150:70-74. doi: 

10.1016/j.theriogenology.2020.01.075. Epub 

2020 Feb 19. PMID: 32088041. 

22. Li X, Zheng M, Xu B, Li D, Shen Y, Nie Y, Ma 

L, Wu J. Generation of offspring-producing 3D 

ovarian organoids derived from female germline 

stem cells and their application in toxicological 

detection. Biomaterials. 2021 Dec;279:121213. 

doi: 10.1016/j.biomaterials.2021.121213. Epub 

2021 Oct 21. PMID: 34715637. 

23. Huang J, Zeng H. The Influence of 

Environmental Factors on Ovarian Function, 

Follicular Genesis, and Oocyte Quality. Adv Exp 

Med Biol. 2021;1300:41-62. doi: 10.1007/978-

981-33-4187-6_3. PMID: 33523429. 

24. de Jesus-Silva LM, de Oliveira PV, da Silva 

Ribeiro C, Ninhaus-Silveira A, Veríssimo-

Silveira R. Ovarian cycle in Devario 

aequipinnatus with emphasis on oogenesis. 

Zygote. 2018 Apr;26(2):168-176. doi: 

10.1017/S0967199418000060. Epub 2018 Apr 2. 

PMID: 29607795. 

25. Santos Marques L, Rodrigues de Freitas T, 

Batista Rodrigues R, Dos Santos Teixeira N, 

Pérez-Atehortúa M, Rosa-Silva HT, Fonseca 

Moreira JC, Streit DP Jr. Vitrification protocol 

for immature Brycon orbignyanus ovarian tissue 

as an extinction escape strategy. Cryobiology. 

2021 Dec;103:116-122. doi: 

10.1016/j.cryobiol.2021.08.004. Epub 2021 Aug 

28. PMID: 34464611. 



  Zhang et al./ Oocyte cytoplasmic central granulation on assisted reproductive, 2022, 68(5): 161-169  

 

Cell Mol Biol  169 

 

26. Zhang D, Lv J, Tang R, Feng Y, Zhao Y, Fei X, 

Chian R, Xie Q. Association of exosomal 

microRNAs in human ovarian follicular fluid 

with oocyte quality. Biochem Biophys Res 

Commun. 2021 Jan 1;534:468-473. doi: 

10.1016/j.bbrc.2020.11.058. Epub 2020 Nov 28. 

PMID: 33256978. 

27. Brouillet S, Ferrieres-Hoa A, Fournier A, 

Martinez G, Bessonnat J, Gueniffey A, Gala A, 

Loup V, Hamamah S. Cryopreservation of 

Oocytes Retrieved from Ovarian Tissue to 

Optimize Fertility Preservation in Prepubertal 

Girls and Women. J Vis Exp. 2020 Oct 23;(164). 

doi: 10.3791/61777. PMID: 33165323. 

28. Wald K, Cakmak H, Mok-Lin E, Cedars M, 

Rosen M, Letourneau J. Back-to-back random-

start ovarian stimulation prior to chemotherapy to 

maximize oocyte yield. J Assist Reprod Genet. 

2019 Jun;36(6):1161-1168. doi: 10.1007/s10815-

019-01462-5. Epub 2019 May 24. PMID: 

31127475; PMCID: PMC6603104. 

29. Nagyová E, Němcová L, Camaioni A. Cumulus 

Extracellular Matrix Is an Important Part of 

Oocyte Microenvironment in Ovarian Follicles: 

Its Remodeling and Proteolytic Degradation. Int 

J Mol Sci. 2021 Dec 21;23(1):54. doi: 

10.3390/ijms23010054. PMID: 35008478; 

PMCID: PMC8744823. 

 


