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 Intracytoplasmic sperm injection (ICSI) a method in assisted 

reproduction technology by injecting a single spermatozoa directly into 

the cytoplasm of a mature oocyte via micromanipulation. The capacity 

of ICSI as a therapy for almost any type of spermatozoa and oocytes has 

made it the most successful treatment for infertility. Despite its high 

success rate, fertilization failure in ICSI still occurs this due to the 

quality of oocyte and sperm so that the oocyte cannot be activated. This 

research aimed to know the effect of calcium ionophore supplementation 

in Kacang goat’s oocyte after ICSI in fertilization rate and embryo 

development. This research was divided into 2 groups, control group: 

oocyte was fertilized with ICSI method and treatment group: oocyte was 

fertilized with ICSI method and supplemented in calcium ionophore 5.2 

µl/ml during 15 minutes. Fertilization rate and embryo development at 

embryo 2 cells and 4 cells were observed under inverted microscope. 

Based on the statistical analysis it demonstrated there were significant 

difference in fertilization rate and embryo development between control 

group and treatment group (p<0.05). Fertilization rate in treatment group 

(3.56±1.42) was higher than control group (1.56±1.128). The embryo 

development from zygote to embryo two cells was higher in treatment 

group (3.56±1.42) than control group (0.78±0.09). The embryo 

development from embryo two cells to embryo four cells was higher in 

treatment group (3.33±1.12) than control group (0.56±0.26). In 

conclusion the used of calcium ionophore 5.2 µl/ml can activate Kacang 

goat’s oocyte after ICSI and improve fertilization rate and maintain 

embryo development. 
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1. INTRODUCTION 

Intracytoplasmic Sperm Injection is a technique that makes it possible to insert spermatozoa into an egg for 

fertilization purposes with the help of a micromanipulator. Some of the conditions proposed for ICSI 

include, infertility of unknown cause, low oocyte quality, limited oocyte counts, number of unproductive 

ages, frozen oocyte fertilizer results, Failure using conventional IVF [1]. The fertilization process begins 

when spermatozoa penetrate the pellucida zone, this bond will be followed by attachment of spermatozoa to 

the spermatozoa receptor (SR). The bond between spermatozoa and SR will initiate oocyte activation and as 

a result of oocyte reactivation is an increase in intracellular calcium which is the signal responsible for 

continuing the process of meiosis. Oocytes enter the anaphase cycle and complete meiotic division and the 

oocyte will undergo DNA synthesis. Furthermore, the level of development of the embryo is largely 

determined by the success of oocyte activation [2]. Post ICSI failure is thought to result from failure of 

oocyte activation. In ICSI, spermatozoa enter the ooplasm as a whole, fertilization problems arise as a result 

of not releasing oocyte factor activation from the injected spermatozoa. In an effort to reduce the failure rate 

after ICSI several successful modifications have been made such as electrical activation and artificial 

activation, namely oocytes induced by various chemicals such as 6-dimethylaminopurine, 

strontiumchloride, or calcium ionophore, such as ionomycin and calcimicin A23187 [3]. Calcium ionophore 

(CaI) A23187 is the most commonly used compound to activate oocytes that fail post ICSI. CaI A23187 is a 

carboxylic acid ionophore which transfers Ca2+ and magnesium from the medium through cell membranes 

into the oocyte. The entry of Ca2+ results in an increase in the concentration of calcium in the cytoplasm of 

oocytes which acts as a signal to start DNA synthesis and cell division [4]. Therefore, it is necessary to 

prove the effectiveness of the use of calcium ionophore as an oocyte activator for fertility rates and the rate 

of development of Kacang goat’s embryos after the ICSI. 

 

2. METHODS 

 

2.1 Oocyte Collection 

This research has obtained ethical eligibility with the number: 1.KE.061.04.2019 from the Faculty of 

Veterinary Medicine, Airlangga University. Ovaries that have been cleaned are then aspirated using a 10cc 

syringe on follicles measuring 3-7 mm. The syringe is filled with a medium that has been prepared as much 

as 1 cc then put on the surface of the follicle and aspirated. Fluid that has collected on the syringe is placed 

in petridish then oocytes are collected under an inverted microscope. 

 

2.2 Oocyte Maturation 

The collected oocytes are then washed with MEM medium and placed on the prepared maturation medium. 

Oocytes in the maturation medium were then incubated in a 5% CO2 incubator at 38.5ºC for 20 hours [5]. 

 

2.3 Spermatozoa Preparation 

Freezing semen is thawed in warm water at 37ºC for 15 seconds. Spermatozoa preparation uses density 

gradient centrifugation method. To the thawed-spermatozoa then the medium is added and centrifuged at 

2500 rpm for 10 minutes. The spermatozoa will separate from the semen plasma, debris and epithelial cells. 

The spermatozoa are then transferred to a well-shaped medium consisting of large wells that are connected 

to small wells and the spermatozoa are left for 10 minutes, the aim being for the capacitation and selection 

of spermatozoa. Motile spermatozoa that move in small wells are collected for ICSI use. 

 

2.4 Intra Cytoplasmic Sperm Injection 

Motile spermatozoa and denuded oocytes are placed at different drops in the same petridish. The 

spermatozoa are then motivated by injuring the tail with an injector and then inserted into the injector and 
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injected into the oocyte with a polar body. In group P, after ICSI was then incubated in a medium that had 

been given CaI for 15 minutes then transferred to the culture medium. In the C-group, the oocytes that had 

been carried out by ICSI were directly incubated in the culture medium. 

 

2.5 Fertilization Rate Examination and Cleavage Level 

Fertilization rate observations were made 18 hours after ICSI, by looking at the formation of pronucleus 

(PN) under an inverted microscope. Oocytes are declared fertilized if spermatozoa head decondensation or 

2 PN (pronucleus) is found in the cytoplasm of the egg. The level of embryonic development is carried out 

after 48 hours after ICSI, under observation in an inverted microscope an embryo with 4 blastomer cells 

will appear. 

 

3. RESULTS 

The results from ICSI Kacang goat showed higher fertilization rates in the group using calcium ionophore 

as an oocyte activator. The results are shown in table 1 and figure 1. 

 

Table 1. The mean, standard deviation and percentage of the effect of calcium ionophore supplementation 

on in vitro fertilization rates by the ICSI method. 

Group Oocyte Number Fertilization Rates (Mean ± SD) 

Fertilized non-Fertilized 

T1 32 32 (100%) 0 3.56±1.42a 

T2 34 14 (41.2%) 20 (58.8%) 1.56 ±2.13b 

Different superscripts in the same column show significant differences (p <0.05) (T1: In vitro fertilization 

by ICSI method and supplemented with calcium ionophore, T2: In vitro fertilization by ICSI method 

without calcium ionophore supplementation). 

 

The developing zygote then incubated until the zygote becomes a 2-cell and 4-cell stage embryo, the 

embryo developmental results and data can be seen in Table 2 and Figure 2. 

 

4. DISCUSSION 

The spermatozoa that attach to the oocyte plasma membrane causing a bond between the spermatozoa and 

the spermatozoa receptor called CD 9. The spermatozoa carry a specific enzyme called PLCζ (zeta) which 

is secreted into the cytoplasm of the oocyte when there is a physiological stimulus that is the bond between 

the spermatozoa and the oocyte. In the spermatozoa PLCζ is inactive and shortly after being transferred into 

the oocyte the PLCζ will be activated [6]. The activation of PLCζ causes the phosphatidylinositol 4.5-

bisphosphate (PIP2) hydrolysis process in the plasma membrane to take place. PIP2 hydrolysis produces 

DAG and IP3. IP3 induction of endoplasmic reticulum causes an increase in Ca2+ concentration (figure 3). 

 



Kresna, et.al, 2021                                                                                                         Teikyo Medical Journal 

 

1034 
 

 
Figure 1. In vitro fertilization using ICSI (A) method and fertilized Kacang goat’s oocytes are characterized 

by the presence of a second polar body (blue arrow) (B). 

 

Table 2. The mean, standard deviation and percentage of the effect of calcium ionophore supplementation 

on the development of goat embryos postin vitro fertilization by ICSI method. 

Group 2pn Embryo Development Mean ± SD 

2 cells 4 cells 2 cells 4 cells 

T1 32 32 (100%) 30 (93.7%) (3.56 ± 1.42)a (3.33 ± 1.12)a 

T2 14 7 (50%) 5 (35.71%) (0.78 ± 1.09)b (0.56 ± 0.73)b 

Different superscripts in the same column show significant differences (p <0.05) (T1: In vitro fertilization 

by ICSI method and supplemented with calcium ionophore, T2: In vitro fertilization by ICSI method 

without calcium ionophore supplementation) 

 

 
Figure 2. Kacang goat embryostage 2 cells (A) dan 4 cells (B). 

 

The escalation of Ca2+ concentrations causing two important events, which are the release of cortical 

granules and the initiation of a continuing cycle of cell meiosis division. The release of cortical granules 

into the perivitelline chamber causes hardening in the zona pellucida to prevent polyspermiation and 

initiation of a continuing cycle of cell meiosis division characterized by decreased MPF activity [7]. 

A B 

A B 
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Increased intracellular Ca2+ will also be followed by an increase in pH, causing an exchange of Na+ ions 

from outside and H+ within the oocyte. An increase in pH is important for stimulating DNA replication, the 

development of K+ conductance, and other cellular metabolic changes [8]. 

 

The increased concentration of Ca2+ is also associated with calmodulin, namely the activation of 

calmodulin-dependent kinase II (CaMK II). CaMK II activation has been shown to occur at each peak of 

Ca2+ and causes activation of 26S proteasomes and initiates proteolysis of cyclin B1 in oocytes. Cyclin B1 

is poly-ubiquitinated by anaphase-promoting complex or cyclosome (APC/C) whose performance is 

inhibited by CSF [9]. In mammals, CaMK II causes inhibition of CSF, activation of the proteasome 26S and 

the cell cycle goes back. The oscillations of Ca2+ that last long on oocytes are also responsible for 

pronucleus formation. The amount of Ca2+ affects the decrease in MAPK and MPF activity which allows 

the formation of pronuclei. Ca2+ oscillation has been shown to have an effect on processes that occur deep 

during embryonic development. Ca2+ rabbits have an effect on compaction, blastocyst formation, and the 

success of 4-cell embryo transplantation in the parent [10]. 

 

 
Figure 3. Oocyte activation triggered by PLC zeta from spermatozoa [6]. 

 

The fertilization process is closely related to the ability of spermatozoa to induce oocyte activation. Oocyte 

activation is caused by a bond between spermatozoa and SR that is on the oocyte membrane. Spermatozoa 

will secrete phospolipase C zeta (PLCζ) into the cytoplasm of the oocyte. Inactivated PLCs in the 

spermatozoa will become active in the oocyte causing the hydrolysis of phosphatidylinositol 4,5-

bisphosphate (PIP2) on the plasma membrane to take place which then produces diacylglycerol (DAG) and 

inositol trisphosphate (IP3). IP3 has an important role in increasing Ca2+ concentrations in the endoplasmic 

reticulum [9]. Increasing the concentration of Ca2+ or also can be termed as Ca2+ oscillation is a sign of 

activation of oocytes. Ca2+ oscillation initiates several reactions, namely resumption of meiotic division, 

cortical reactions and pronucleus formation. Continuation of meiosis division is a result of inactivation of 

cyclin B and the activity of cyclin dependent kinase (CDK 1), both are strongly influenced by high Ca2+ 

levels. If CDK1 activity is low, then the oocyte will continue to meiosis and enter the phase indicated by 

pronucleus formation. In ICSI, when intact spermatozoa are injected, the factors that activate oocytes in 

sperm will not be released into the oocyte cytoplasm until sperm plasm in the post-acrosomal area is 

destroyed [3]. Several reports have shown that failure of fertilization after ICSI is associated with a lack of 

PLCs in sperm or mutations in PLCs that affect the activity of oocytes. Mutations cause disruption of 

enzymatic activity in PLCζ so that it disrupts the expression and decreases the ability of PLCζ [11]. 
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The purpose of artificial activation is to change the processes that occur during natural fertilization, also 

called intracytoplasmic calcium waves, by accompanying decreased MPF activity, mitogen-activated 

protein kinase (MAPK), and CSF. Some of the activated agents include mechanical, chemical, and physical 

stimuli including electrostatic stimulation, cooling, ethanol, CaI A23l87, 6-DMAP (Dimethylamino Purine), 

Cycloheximide, cytochalasin, sulfonium chloride, phorbol ester, ionomycin, IP3, and thimerosal. The 

activation agent has been used as a single agent or a combination for oocyte activation, ICSI and core 

transfer results (communicating embryos). Artificial active agents commonly used for ICSI include the CaI 

chemical A23187 to stimulate increased intracellular Ca2+ levels and Cycloheximide (CHX), a protein-

blocking agent used both as a combination agent and to help, such as mice, sweaters, cattle, goats, pigs 

oocyte [12]. CaI A23187 is also known as calcimycin A23187 or antibiotic A23187 which is produced from 

Streptomyces chartreusensis fermentation. This antibiotic has properties against gram-positive bacteria and 

fungi that act as divalent ionophore cations so as to allow ions to pass through cell membranes [2]. Calcium 

ionophore (CaI) A23187 is the most commonly used compound as an oocyte activator chemical agent that 

induces the release of intracellular calcium stored in the endoplasmic reticulum. This is proven by several 

proteolytic pathways initiated by calcium such as cyclin B destruction and reduced MPF activity [13]. 

 

In this study the fertilization rate is shown in table 1, it can be seen that a significant difference between the 

groups that were carried out by ICSI was then given Cal as an oocyte activator and the group that only did 

ICSI. This is in accordance with research conducted by [13]. that the activation of oocytes by using 

chemicals namely calcium ionophore, ionomycine and ethanol can increase the rate of post ICSI 

fertilization as evidenced by the formation of pronucleus. Ca2+ oscillations are also very important for the 

development of pre-implantation, oocytes exposed to Ca2+ with higher amplitudes have better pre-

implantation development. This also applies to some cell division such as in B lymphocytes where the Ca2+ 

oscillation stimulates the activation of the NF-kB and c-Jun transcription factor sub genes. So on this basis 

it can be concluded that Ca2+ oscillation can affect the expression of a gene subset or a subset of proteins 

which this process begins in 1-cell embryos [7]. The signal that responsible to continue the process of 

meiosis and begin embryonic development is an increase in intracellular calcium that is useful for 

reactivating the cell cycle in oocytes. Increased calcium causes additional anaphase cycles and completes 

the meiotic division, ultimately causing oocytes to increase DNA synthesis [2]. 

 

5. CONCLUSION 

The use of calcium ionophore 5.2 µl/ml as an oocyte activator added to the culture medium can increase the 

rate of fertilization of Kacang goat after the ICSI. The use of calcium ionophore 5.2 µl/ml as an oocyte 

activator added to the culture medium can maintain the level of Kacang goat’s embryo development post 

ICSI. 

 

6. ACKNOWLEDGMENTS 

The authors express sincere thanks to the Ministry of Research, Technology and Higher Education of the 

Republic of Indonesia for funding research and Dean Faculty of Veterinary Medicine for providing all 

necessary facilities and fund for conducting research work. 

 

7. CONFLICTS OF INTEREST 

The authors declared no conflict of interest. 

 

8. REFERENCES 

[1] American Society for Reproductive Medicine. Intracytoplasmic Sperm Injection (ICSI) for non-

male factor infertility: a committee opinion. Fertil Steril 2012; 98(6). 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 04, August, 2021 

  

1037 
 

[2] Nalley WM, Hine TM. Activation and developmental level of parthenogenetic embryo of mice after 

being exposed to Calcimycin and Ionomicyn. Journal Veteriner 2015; 16(4): 576-584. 

 

[3] Murugesu S, Djan S, Jones BP, Milnes TB, Athanasiou T, Mania A, Serhal P, Ben-Nagi J. Does the 

use of calcium ionophore during artificial oocyte activation demonstrate an effect on pregnancy rate? A 

meta-analysis. Fertil Steril 2017; 108(3): 468-482. 

 

[4] Karabulut S, Aksunger O, Ata C, Sagiroglu Y, Ilknur K. Artificial oocyte activation with calcium 

ionophore for frozen sperm cycles. Syst Biol Reprod Med 2018; 64(5):1-8. 

 

[5] Widjiati, Boediono A, Sumitro SB, Hinting A, Aulani’amm, Susilowati T. Isolation and 

identification of transforming growth factor β from in vitro maturated cumulus oocyte complexes. Hayati J 

Biosciences 2012; 19(1): 6-10. 

 

[6] Nomikos M, Kashir J, Lai FA. The Role and Mechanism of Action of Sperm PLC-zeta in 

Mammalian Fertilisation. Biochem J 2017; 474. Pp.3559-3673 

 

[7] Jones KT. Intracellular calcium in the fertilization and development of mammalian eggs. Proc. 

Aust. Phys. Soc 2007; 38: 35-41. 

 

[8] Machaty Z, Day BN, Prather RS. Development of Early Porcine Embryos in vitro and in Vivo. 

Biol. Reprod 1998; 59(2): 451-5 

 

[9] Miyazaki S. Thirty years of calcium signals at fertilization. Cell Dev Biol. 17. 2006; Pp. 233-243. 

 

[10] Whitaker M. Calcium at Fertilization and in Early Development. Physiol Rev. 2006; 86. Pp. 25-88. 

 

[11] Swann K. The role of Ca2+ in oocyte activation during in vitro fertilization: insight into potential 

therapies for rescuing failed fertilization. Mol Cell Res 2018; 1865(11): 1830-1837. 

 

[12] Adhikari D, Liu K. The regulation of maturation promoting factor during prophase I arrest and 

meiotic entry in mammalian oocyte. Mol Cell Endocrinol 2014; 382(1): 480-487. 

 

[13] Hernández-Pichardo JE, Ducolomb R, Romo S, Kjelland ME, Fierro R, Casillas F, Betancourt 

M.Pronuclear formation by ICSI using chemically activated ovine oocytes and zona pellucid bound sperm.   

J Anim Sci Biotechno. 2016; 7(65). 


