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Objective: This research aims to study the effects of continuous microvibration

stimulation on the parthenogenetic development of human germinal

vesicle oocytes.

Methods: Ninety-five discarded germinal vesicle oocytes from intracytoplasmic

sperm injection treatment (ICSI) cycles performed at Amcare Women’s &

Children’s Hospital between January and December 2021 were used for

conventional static culture as well as 10 Hz microvibration culture. We

investigated the differences between the two groups in terms of oocyte

maturation rate, parthenogenetic activation rate, and parthenogenetic

blastocyst formation rate.

Results: The static culture and 10 Hz microvibration culture of 95 oocytes

showed that the parthenogenetic blastocyst formation rate in the

microvibration culture group was significantly higher than those in the

traditional static culture group.

Conclusion: A continuous microvibration stimulation can significantly improve

the parthenogenetic developmental potential of human immature oocytes.

KEYWORDS

immature oocyte, microvibration, dynamic culture, parthenogenetic development,
oocyte activation
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Introduction

Parthenogenetic stem cells are derived from inner cell mass

of a parthenogenetic blastocyst have developed from a single MII

oocyte without sperm. The major histocompatibility complex

(MHC) allele of parthenogenetic embryonic stem cells is

homozygous, which can greatly reduce the immune rejection

af ter autologous transplantat ion (1) . In addi t ion,

parthenogenetic embryos originate from oocytes and cannot

develop into individuals, the study of parthenogenetic

embryonic stem cells avoids many ethical problems. At the

same time, parthenogenetic embryos can be used as a useful

tool to study the expression and function of imprinted genes,

and provide cell source for regenerative mediclne.

Approximately 15%-20% of immature oocytes are discarded

following intracytoplasmic sperm injection (ICSI) procedures.

It will be very valuable to obtain parthenogenetic embryonic

stem cells by parthenogenetic activation after in vitromaturation

of these immature oocytes (2).

In vitro maturation (IVM) of immature oocytes refers to the

maturation of immature oocytes obtained in in vitro culture. To

date,more than 5000 IVMbabies have been bornworldwide (3), but

their clinical pregnancy rate remains low, at approximately 30-40%

(3, 4). The current IVM technique suffers from drawbacks, such as

(1) low IVMrate, (2) unsynchronizedmaturation of the nucleus and

cytoplasm in mature oocytes, and (3) low developmental potential

of the formed embryos (5, 6). These problems indicate that the IVM

technique is in urgent need of optimization.

The female ovary and fallopian tubes are important sites for

follicular growth, egg transport, fertilization, and early

embryonic development (7). Besides the development of

assisted reproductive technologies and the understanding of

the delicate and complex physiological functions of the

fallopian tubes, the physical environment of the fallopian tubes

has also received increasing attention from researchers (8, 9). The

migration of eggs and embryos through the fallopian tubes is

influenced by a combination of tubal patency, structural integrity

of the mucosal epithelium and ciliary vibrations, tubal fluid flow

direction, and muscle contractile function and neural regulation

(10). Themechanical effect of the function of the fallopian tube in

transporting eggs and embryos is reflected in the systematic

production of forces by the muscles, cilia, and tubal secretory

cells, which move or fix the eggs and embryos (7, 11).

With the development of human-assisted reproduction

techniques, the current culture of oocytes and embryos

is dominated by static culture. Current research in improving in

vitro systems focuses on chemical factors, including changes in

organic salt composition, energy substrate concentrations, and

amino acid composition, and various growth factors or reduction

in the number of other substances. However, in the process of

constantly seeking to improve in vitro culture conditions, not only

the requirements of chemical factors of oocytes and embryos need
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to be considered, but also the potential physical environment may

also be an important influencing factor. Oocytes and embryos are

exposed to not only altered chemistry during their passage through

the female reproductive tract but alsomild mechanical stimuli (11–

13). In contrast, relatively less research has been done on the

physical environment in which preimplantation embryos are

placed and the role of culture platforms or equipment in

influencing embryonic development in the laboratory. The

stimulatory effects of vibration on living systems are well known

and play an important role in mechanotransduction, which is

necessary for the survival of cells and higher organisms. Early

human embryos are exposed in vivo to cilia vibrations at 5-20 Hz

(13, 14). Isachenko et al. found that exposure of early embryos in a

microvibration culture to 56 Hz vibrations significantly increased

the rate of human embryo implantation (Isachenko, et al., 2017).

The research byMizobe et al. showed that applyingmicrovibration

stimulation to immature oocytes of pigs significantly improved the

parthenogenetic developmental potential of immature oocytes (15).

All these studies demonstrated that mammalian oocytes and

early embryos can sensemicrovibrational stimulation, which further

enhances embryonic developmental potential. However, fewer

studies investigated the mechanical stimulation of human

immature oocytes. Currently, the culture of human immature

oocytes in the IVM technique is mainly static. Whether the lack of

amechanical environment is one of the reasons for the low efficiency

of human immature oocytes in in vitro culture remains unclear.

Therefore, themainobjective of this studywas to investigatewhether

microvibration stimulation could improve the IVM rate and

embryonic developmental potential of human immature oocytes.
Materials and methods

Acquisition of immature oocytes

In this study, infertile patients who underwent in vitro

fertilization (IVF) treatment at the Reproductive Medicine

Center of the Amcare Women’s & Children’s Hospital

between January and December 2021 were examined under

the premise of approval by the ethical committee of Amcare

Women’s & Children’s Hospital. Female patients less than 35

years old were selected. After patient couples had signed an

informed consent form, 95 immature oocytes voluntarily

donated were used for this study. Agonist or antagonist

protocols were applied as routine ovulation stimulation

programs. The stimulation protocol was based on the patient’s

age, history of ovulation, history of pelvic surgery, basal follicle-

stimulating hormone (FSH) level, and other considerations.

After pituitary suppression was achieved via a gonadotrophin-

releasing hormone antagonist or agonist, ovarian stimulation

was performed using FSH. The dose was adjusted based on the

individual response. The follicle number and size were
frontiersin.org
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monitored via ovarian ultrasonography, and serum 17b-
estradiol levels were measured after 3, 4, or 5 days of

gonadotropin treatment and then as needed until retrieval.

Human chorionic gonadotropin (hCG) was administered

when three or more follicles ≥16 mm were present. Oocytes

were retrieved by vaginal ultrasound-guided follicular aspiration

36–37 h after hCG administration. During the ICSI cycle, some

cumulus cells were removed 4 h after egg retrieval. One to two

layers of granulosa cells were preserved, and oocyte maturation

was observed under an inverted microscope. The germinal-

vesicle stage (GV) oocytes were cultured for maturation.
IVM of immature oocytes

GV-stage oocytes were placed in a Kitazato IVM culture

medium (Kitazato Cat.# SK-IVMC-50, Japan) supplemented

with 0.075 IU FSH and 0.075 IU LH and incubated for 24 h to

observe maturation. Oocyte maturation was determined by

excluding the first polar body.
Vibrational culture of oocytes
and embryos

A custom-made vibration device (Figure 1) was used for

oocytes and embryos cultured, which provided continuous

vibration stimulation for oocytes and embryos by simulating the

up and down beating of cilia at a vibration frequency of 10 Hz.
Frontiers in Endocrinology 03
There is a stage in the device supporting petri dish. The dish and the

stage vibrate up and down with the motor, the loading mode of

vibration is set as continuous loading with 10 Hz in vibration.
Parthenogenetic activation

Ionomycin activation dishwas prepared by addingG-IVFPLUS

to an aliquot of ionomycin (final concentration of 5mM) 30 min

before oocyte activation. Drops (50 mL per drop) were formed,

covered with 3 mL of OVOIL, and equilibrated in an incubator.

Then, 6-dimethylaminoputine (6-DMAP), activation dish was

prepared by adding G-IVF PLUS (fertilization culture medium,

Vitrolife) to an aliquot of 6-DMAP (final concentration of 1mM).

Drops (50 mL per drop) were formed, covered with 3mL of OVOIL,

and equilibrated in an incubator. In addition, three G-IVF PLUS

dishes were made for the oocyte wash. G-1 PLUS (cleavage embryo

culture medium, Vitrolife) dishes were prepared for culture oocytes

afteroocyteactivation.Theoocyteswerewashedtwoto three times to

ionomycin dishes and then incubated in the incubator for 5 min.

After being washed in G-IVF PLUS dishes, the oocytes were

transferred into 6-DMAP microdroplets and washed twice or three

times. After incubation in the incubator for 4 h, the oocytes were

washed in G-IVF PLUS dishes and cultured in G-1 PLUS dishes.
Embryo culture

The oocytes from the parthenogenetic activation treatment

were transferred into G1 PLUS. Cleavage after parthenogenetic
FIGURE 1

The custom-made device providing vibration condition for cell culture. The device can be used in a standard humidified incubator with a
waterproof unit (A). The schematic diagram of the device (B, C). The photos of the device from frontal and side view. Culture dishes are set on
the stage. The blue double arrow indicates the movement direction of the stage driven by the motor.
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activation is considered oocyte activated. Activated oocytes were

transferred to G2 PLUS (blastocyst culture medium, Vitrolife)

on the third day, and the development of parthenogenetic

embryos in each group was observed and recorded daily until

the sixth day. The development of parthenogenetic embryos in

the dynamic and static culture groups was observed

and recorded.
Statistical methods

In this study, immature oocytes from women aged less than

35 years were selected for the study. SPSS 17.0 software (SPSS

Inc. Chicago, IL, USA) was used for statistical analysis, and the

c2 test was used to compare the count data. P < 0.05 indicated a

statistically significant difference.
Results

Effect of microvibration on IVM of
immature oocytes

IVM of 95 immature oocytes was carried out. 60 oocytes

were cultured statically and 35 with microvibration. 38

immature oocytes matured in static culture group and 30

immature oocytes matured in the microvibration culture

group, indicating that the oocyte maturation rates were

63.33% and 85.71%, respectively (Table 1). The results showed

that the maturation rate of oocytes cultured with 10 Hz

continuous vibration was higher than that of oocytes in

conventional static culture (P = 0.033).
Effect of microvibration stimulation on
oocyte activation

After the activation of 38 mature oocytes in the static culture

group and 30 mature oocytes in the microvibration culture

group, 32 oocytes were activated in the static culture group

and 27 oocytes were activated the microvibration group, with

activation rates of 84.21% and 90.00%, respectively (Table1). No

significant difference was found in oocyte activation rates

between the two groups. 44.44% of activated oocytes can

develop to ≥ 8 cells stage at day 3 in the microvibration
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culture group, while the rate was only 5.6% in static culture

group (Table 1). The results showed that the microvibration

stimulation can promote early embryo developmental potential

(P = 0.010).
Effect of microvibration stimulation on
the parthenogenetic development

None of the 32 parthenogenetically activated oocytes

formed blastocysts in the static culture group, while 5

parthenogenetically activated oocytes developed to blastocysts in

the microvibration group (Figure 2). The development rates of

parthenogenetic blastocysts were 0.00% and 18.52%, respectively.

The results showed that the use of 10 Hz constant vibration

significantly (P = 0.016) increased the rate of parthenogenetic

blastocyst formation.
Discussion

In this study, we found that the IVM of human immature

oocytes and the formation rate of parthenogenetic blastocysts

could be significantly increased by applying10 Hz continuous

vibration to human immature oocytes. The oocyte maturation

rate in the static culture group in this study was 63.33%, which

was similar to the previously reported results (16, 17). Recent

studies have found that the culture of immature eggs with

CAPA-IVM culture system (add C−type natriuretic peptide)

can significantly increase the developmental potential of human

and sheep embryos (18, 19). However, these studies are different

from the purpose of our present study. We paid more attention

to the mechanical environment of oocytes and embryos, and the

effect of mechanical stimulation on embryonic development,

in order to mimic the physical environment of early embryos. In

fact, the mechanical effect of the function of the fallopian tube in

transporting eggs and embryos is reflected in the systematic

production of forces by the muscles, cilia, and tubal secretory

cells, which move or fix the eggs and embryos (7, 11).

The rate of parthenogenetic blastocyst formation in the static

embryo group in this study was 0.00%, which was similar to the

previously reported results, both showing low oocyte maturation

and low developmental potential (2). In the present study, we

used 10 Hz continuous vibration on human immature oocytes.

The results showed the developmental potential were
TABLE 1 Activation and parthenogenetic embryonic development of oocytes matured in vitro.

Oocytes Matured to MII Activated 2-7-cell ≥8-cell Blastocyst

Static culture group 60 38 (63.33) 32 (84.21) 30 (93.75) 2 (6.25) 0

Vibration culture group 35 30 (85.71)a 27 (90.00) 15 (55.56) 12 (44.44) 5a
fro
Values are number (percentage); aP<0.05.
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significantly improved in vitro. This may contribute to the

improvement in IVM efficiency and immature oocyte-derived

parthenogenic blastocysts.

Mizobe et al. applied vibration at 20 Hz for 5 s per minute to

immature oocytes of pigs and found that the parthenogenetic

potential significantly increased (15). This was similar to the

results of the present study. Several studies also found that

microvibration stimulation positively promoted embryonic

development of mammals, which was similar to the results of

the present study (20–23).

Currently, the main problem of in vitro matured oocytes is

that the nucleus and cytoplasm of oocytes are not synchronized

with each other compared with in vivomature oocytes (5). Mizobe

et al. used microvibrational stimulation in culture and found that

the cytoplasmic maturation of porcine oocytes could be improved

(15). The maturation of oocytes includes both nuclear and

cytoplasmic maturation (24), and the cytoskeleton plays an

important role in the maturation of oocytes. The cytoskeleton is

involved in oocyte spindle migration, oocyte polarization, polar

body expulsion, cytoplasmic division, and organelle

rearrangement (25, 26). Besides its role in maintaining and

changing the morphology of cells and the positioning of

organelles, the cytoskeleton can also conduct and sense changes

in the mechanical environment in which it is placed. The

cytoskeleton can sense changes in the mechanical environment

in which the cell is located and transmits mechanical signals from

cell to cell, causing changes in cellular life activities. In the present

study, 10 Hz vibrational stimulation applied to immature oocytes

increased the developmental potential of oocytes. We speculate
Frontiers in Endocrinology 05
that this increase in developmental potential might be due to the

transmission of mechanical signals through the cytoskeleton to

the cell, causing an intracellular response that regulated the

maturation of the oocyte, including the maturation of the

cytoplasm and the maturation of the nucleus, and thus

increased its developmental potential.

Therefore, this study concluded that, besides the role of

some chemical factors, the mechanical environment around the

cells should also be taken into account when looking for ways to

improve the IVM technique so that the growth and

developmental environment of the cells in vivo are truly

simulated. This novel study showed that dynamic culture of

human immature oocytes could improve their IVM rate and

parthenogenetic embryo developmental potential, which may

provided a new technical means to improve the IVM technique

and obtain a new method for obtaining parthenogenetic stem

cells, i.e. embryonic stem cells of immature oocyte origin. In

order to reduce the impact of individual differences, we analyzed

the development of sister oocytes (at least two immature oocytes

come from the same patient in the same cycle). Among 69

immature oocytes, 23 immature oocytes were sister oocytes. We

splitted them into two parts, one part was used for dynamic

culture and the other part for static culture. The results showed

that in the dynamic group, 3 of the 10 activated oocytes

developed to parthenogenetic blastocysts. In the static culture

group, 7 activated oocytes did not develop into parthenogenetic

blastocysts. Due to the limited source of immature oocytes, the

limitation of this study is that the sample size is small. We will

use animal experiments to verify the results in the following
FIGURE 2

Effect of microvibration stimulation on the parthenogenetic development. The number of embryos forming (blue box) or not forming (orange
box) blastocyst during parthenogenesis.
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research. Meanwhile, exploring the optimal mechanistic

parameters and the molecular mechanisms of mechanistic

stimulation will be the subjects of future research.
Ethic statement

The studies involving human participants were reviewed and

approved by Amcare Women’s & Children’s Hospital Ethics

Committee for Reproductive Medicine. The patients/

participants provided their written informed consent to

participate in this study.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding authors.
Author contributions

BH and QL conceived and designed the study. QL and PL

performed the experiments and analyzed the data. QL and BH

wrote the manuscript. JZ assisted in writing the manuscript. SZ
Frontiers in Endocrinology 06
and QL designed and developed the device. All authors

contributed to the article and approved the submitted version.
Funding

This study was supported by the National Key Research and

Development Program Grant (National Natural Science

Foundation of China Grant Program No. 12072034).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Revazova ES, Turovets NA, Kochetkova OD, Kindarova LB, Kuzmichev LN,
Janus JD, et al. Patient-specific stem cell lines derived from human parthenogenetic
blastocysts. Cloning Stem Cells (2007) 9:432–49. doi: 10.1089/clo.2007.0033

2. McElroy SL, Byrne JA, Chavez SL, Behr B, Hsueh AJ, Westphal LM, et al.
Parthenogenic blastocysts derived from cumulus-free in vitro matured human
oocytes. PloS One (2010) 5:e10979. doi: 10.1371/journal.pone.0010979

3. Hatirnaz S, Ata B, Hatirnaz ES, Dahan MH, Tannus S, Tan J, et al. Oocyte in
vitro maturation: A sytematic review. Turk J Obstet Gynecol (2018) 15:112–25.
doi: 10.4274/tjod.23911

4. Chian RC, Uzelac PS, Nargund G. In vitro maturation of human immature
oocytes for fertility preservation. Fertil Steril (2013) 99:1173–81. doi: 10.1016/
j.fertnstert.2013.01.141

5. Siristatidis CS, Maheshwari A, Vaidakis D, Bhattacharya S. In vitro
maturation in subfertile women with polycystic ovarian syndrome undergoing
assisted reproduction. Cochrane Database Syst Rev 11 (2018) 11(11):CD006606.
doi: 10.1002/14651858.CD006606.pub4

6. Siristatidis CS, Vrachnis N, Creatsa M, Maheshwari A, Bhattacharya S. In
vitro maturation in subfertile women with polycystic ovarian syndrome
undergoing assisted reproduction. Cochrane Database Syst Rev (2013) (10):
CD006606. doi: 10.1002/14651858.CD006606.pub3

7. Lyons RA, Saridogan E, Djahanbakhch O. The reproductive significance of
human fallopian tube cilia. Hum Reprod Update (2006) 12:363–72. doi: 10.1093/
humupd/dml012

8. Maillo V, Sanchez-Calabuig MJ, Lopera-Vasquez R, Hamdi M, Gutierrez-
Adan A, Lonergan P, et al. Oviductal response to gametes and early embryos in
mammals. Reproduction (2016) 152:R127–41. doi: 10.1530/REP-16-0120

9. Li S, Winuthayanon W. Oviduct: roles in fertilization and early embryo
development. J Endocrinol (2017) 232:R1–R26. doi: 10.1530/JOE-16-0302

10. van der Weiden RM, van Zijl J. Dynamic studies of fallopian tube physiology
in human infertility–state of the art. Fertil Steril (1998) 70:786–7.
11. Montenegro-Johnson TD, Smith AA, Smith DJ, Loghin D, Blake JR.
Modelling the fluid mechanics of cilia and flagella in reproduction and
development. Eur Phys J E Soft Matter (2012) 35:111. doi: 10.1140/epje/i2012-
12111-1

12. Paltieli Y, Weichselbaum A, Hoffman N, Eibschitz I, Kam Z. Laser scattering
instrument for real time in-vivo measurement of ciliary activity in human fallopian
tubes. Hum Reprod (1995) 10:1638–41. doi: 10.1093/oxfordjournals.humrep.a136147

13. Westrom L, Mardh PA, Mecklenburg CV, Hakansson CH. Studies on
ciliated epithelia of the human genital tract. II. the mucociliary wave pattern of
fallopian tube epithelium. Fertil Steril (1977) 28:955–61. doi: 10.1016/S0015-0282
(16)42798-6

14. Ohsu W, Nagase H, Okazawa T, Yoshida M, Nakamura H. [Effects of
vibration on uterine circulation in pregnant rats]. Nihon Sanka Fujinka Gakkai
Zasshi (1994) 46:429–34.

15. Mizobe Y, Yoshida M, Miyoshi K. Enhancement of cytoplasmic maturation
of in vitro-matured pig oocytes by mechanical vibration. J Reprod Dev (2010)
56:285–90. doi: 10.1262/jrd.09-142A

16. Kim MK, Park EA, Kim HJ, Choi WY, Cho JH, Lee WS, et al. Does
supplementation of in-vitro culture medium with melatonin improve IVF outcome
in PCOS? Reprod BioMed Online (2013) 26:22–9. doi: 10.1016/j.rbmo.2012.10.007

17. Zou H, Chen B, Ding D, Gao M, Chen D, Liu Y, et al. Melatonin promotes
the development of immature oocytes from the COH cycle into healthy offspring
by protecting mitochondrial function. J Pineal Res (2020) 68:e12621. doi: 10.1111/
jpi.12621

18. Vuong LN, Le AH, Ho VNA, Pham TD, Sanchez F, Romero S, et al. Live
births after oocyte in vitro maturation with a prematuration step in women with
polycystic ovary syndrome. J Assist Reprod Genet (2020) 37:347–57. doi: 10.1007/
s10815-019-01677-6

19. Assareh N, Shahemabadi M, Varnosfaderani SR, Jafarpour F, Hajian M,
Nasr-Esfahani MH. Sequential IVM by CNP preincubation and cooperating of
frontiersin.org

https://doi.org/10.1089/clo.2007.0033
https://doi.org/10.1371/journal.pone.0010979
https://doi.org/10.4274/tjod.23911
https://doi.org/10.1016/j.fertnstert.2013.01.141
https://doi.org/10.1016/j.fertnstert.2013.01.141
https://doi.org/10.1002/14651858.CD006606.pub4
https://doi.org/10.1002/14651858.CD006606.pub3
https://doi.org/10.1093/humupd/dml012
https://doi.org/10.1093/humupd/dml012
https://doi.org/10.1530/REP-16-0120
https://doi.org/10.1530/JOE-16-0302
https://doi.org/10.1140/epje/i2012-12111-1
https://doi.org/10.1140/epje/i2012-12111-1
https://doi.org/10.1093/oxfordjournals.humrep.a136147
https://doi.org/10.1016/S0015-0282(16)42798-6
https://doi.org/10.1016/S0015-0282(16)42798-6
https://doi.org/10.1262/jrd.09-142A
https://doi.org/10.1016/j.rbmo.2012.10.007
https://doi.org/10.1111/jpi.12621
https://doi.org/10.1111/jpi.12621
https://doi.org/10.1007/s10815-019-01677-6
https://doi.org/10.1007/s10815-019-01677-6
https://doi.org/10.3389/fendo.2022.1028557
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2022.1028557
PGE2 with AREG enhances developmental competence of SCNT reconstructs in
goat. Sci Rep (2022) 12:4243. doi: 10.1038/s41598-022-08238-5

20. Hur YS, Park JH, Ryu EK, Park SJ, Lee JH, Lee SH, et al. Effect of micro-
vibration culture system on embryo development. J Assist Reprod Genet (2013)
30:835–41. doi: 10.1007/s10815-013-0007-0

21. Isachenko V, Sterzik K, Maettner R, Isachenko E, Todorov P, Rahimi G,
et al. In vitro microvibration increases implantation rate after embryonic cell
transplantat ion. Cel l Transplant (2017) 26:789–94. doi : 10.3727/
096368916X693428

22. Mukai H, Hironaka M, Tojo S, Nomakuchi S. Maternal vibration: an
important cue for embryo hatching in a subsocial shield bug. PloS One (2014) 9:
e87932. doi: 10.1371/journal.pone.0087932

23. Isachenko V, Maettner R, Sterzik K, Strehler E, Kreinberg R, Hancke K, et al.
In-vitro culture of human embryos with mechanical micro-vibration increases
Frontiers in Endocrinology 07
implantation rates. Reprod BioMed Online (2011) 22:536–44. doi: 10.1016/
j.rbmo.2011.02.006

24. Watson AJ. Oocyte cytoplasmic maturation: a key mediator of oocyte and
embryo developmental competence. J Anim Sci (2007) 85:E1–3. doi: 10.2527/
jas.2006-432

25. Coticchio G, Dal Canto M, Mignini Renzini M, Guglielmo MC,
Brambillasca F, Turchi D, et al. Oocyte maturation: gamete-somatic cells
interactions, meiotic resumption, cytoskeletal dynamics and cytoplasmic
reorganization. Hum Reprod Update (2015) 21:427–54. doi: 10.1093/humupd/
dmv011

26. FitzHarris G, Marangos P, Carroll J. Changes in endoplasmic reticulum
structure during mouse oocyte maturation are controlled by the cytoskeleton
and cytoplasmic dynein. Dev Biol (2007) 305:133–44. doi: 10.1016/j.ydbio.
2007.02.006
frontiersin.org

https://doi.org/10.1038/s41598-022-08238-5
https://doi.org/10.1007/s10815-013-0007-0
https://doi.org/10.3727/096368916X693428
https://doi.org/10.3727/096368916X693428
https://doi.org/10.1371/journal.pone.0087932
https://doi.org/10.1016/j.rbmo.2011.02.006
https://doi.org/10.1016/j.rbmo.2011.02.006
https://doi.org/10.2527/jas.2006-432
https://doi.org/10.2527/jas.2006-432
https://doi.org/10.1093/humupd/dmv011
https://doi.org/10.1093/humupd/dmv011
https://doi.org/10.1016/j.ydbio.2007.02.006
https://doi.org/10.1016/j.ydbio.2007.02.006
https://doi.org/10.3389/fendo.2022.1028557
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effects of microvibration stimulation on developmental potential of discarded germinal vesicle oocytes of human
	Introduction
	Materials and methods
	Acquisition of immature oocytes
	IVM of immature oocytes
	Vibrational culture of oocytes and embryos
	Parthenogenetic activation
	Embryo culture

	Statistical methods
	Results
	Effect of microvibration on IVM of immature oocytes
	Effect of microvibration stimulation on oocyte activation
	Effect of microvibration stimulation on the parthenogenetic development

	Discussion
	Ethic statement
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


