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Abstract 
To determine timing of second polar body extrusion and pronuclear formation to find 

out when the intracytoplasmic sperm injected (ICSI) oocytes should be checked for successful 
fertilization.148 oocytes from 15 patients from January to May 1998 were analyzed. Metaphase 
II oocytes were followed by ICSI. Fertilization was checked at 2, 4, 6, 8, 16 and 18 hours later for 
observation of second polar body extrusion and pronuclear formation. Normal fertilization was 
achieved in 73.6 per cent of the oocytes (1091148). After ICSI at 2, 4, 6, 8, 16 and 18 hours, extru­
sion of second polar body was 8.3 per cent, 49.5 per cent, 84.4 per cent, 98.2 per cent, 98.2 
per cent, 98.2 per cent and pronuclear formation was 0 per cent, 0 per cent, 8.3 per cent, 30.3 
per cent, 96.3 per cent, 100 per cent respectively. The earliest extrusion of second polar body 
and pronuclear formation were at 2 and 6 hours after ICSI respectively. This study suggests 
that the appropriate time to determine fertilization is at 2, 6 and 18 hours after ICSI. 
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Micromanipulation of the gametes by in­
tracytoplasmic sperm injection (ICSI) has been 
widely used since 1991 after the first human ICSI 
pregnancy was reported(!). In recent years, ICSI 
has become the first treatment of choice for severe 

male factor infertility and fertilization failure in 
previous conventional IVF procedures(2). ICSI 
offers not only a high fertilization and pregnancy 
rate(3) but also an opportunity to observe consecu­
tive stages of fertilization, since ICSI requires 
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cleaning of oocytes from their surrounding cumulus 
cells within a few hours after retrieval creating 
clearly to study in oocyte morphology and fertiliza­
tion. In conventional in vitro fertilization (IVF), 
there were some disadvantages to check early 
fertilization because intact cumulus and corona cells 
and oocytes couldn't be visualized directly without 
destroying them. This problem with oocyte visuali­
zation was overcome by removing the cumulus and 
corona cells and submitting the oocytes either to 
sub zonal injection (SUZI)( 4) or to ICSI(5) and early 
nuclear changes in oocyte at fertilization could be 
periodically observed, e.g. the extrusion of second 
polar body and pronuclear formation. Determining 
the time period of the different fertilization steps 
and especially the time range when all or most of 
the oocytes exhibit two pronuclei is also important 
for practical reasons. In this report, we studied 
timing of second polar body extrusion and pronu­
clear formation to find out when the ICSI oocytes 
should be checked for successful fertilization. 

MATERIAL AND METHOD 
A total of 148 ICSI oocytes from 15 

patients were carried out. At the moment of injec­
tion, the status of the first polar body was assessed 
and fragmented clearly noticed. All injected oocytes 
were checked 2, 4, 6, 8, 16 and 18 hours after ICSI 
for the presence of a second polar body and two 
pronuclei. 

Ovarian stimulation 
Ovarian stimulation was initiated by the 

regimen of a combination of GnRH analogue with 
human menopausal gonadotropin (hMG). Ovarian 
response was monitored by ultrasonography. When 
at least two leading follicles reached 18 mm in dia­
meter, 10,000 units of human chorionic gonado­
tropin (hCG) were administered. Oocyte retrieval 
was performed by transvaginal ultrasound-guided 
aspiration 36 hours later. 

Oocyte preparation 
The cumulus cells surrounding oocytes 

were removed by needle dissection and pipetting, 
then treated with 80 U/ml hyaluronidase for 30-60 
seconds to complete removal of cumulus cells. The 
oocytes were washed 4 times and incubated in cul­
ture medium. Only the mature oocytes (metaphase 
II) were selected for further processing. 

Sperm preparation 
Fresh semen was obtained just after oocyte 

retrieval. Motile spermatozoa were separated by 
the discontinuous Percoll gradient centrifugation 
method. 

Intracytoplasmic sperm injection 
ICSI was performed with the aid of two 

commercial pipettes under an inverted microscope. 
Grossly normal spermatozoa were chosen and 
immobilized by touching the midpiece, then aspi­
rated into the injection pipette. The metaphase II 
oocyte was held by a suction holding a pipette and 
injecting one spermatozoa after aspirating some 
ooplasm. The injected oocytes were washed and 
incubated in culture medium at 370C in an atmos­
phere of 5 per cent C02. 

Assessment of polar body extrusion and fertiliza­
tion 

At the moment of injection, the status of 
the first polar body was assessed and when frag­
mented clearly noticed. All injected oocytes were 
checked on an inverted microscope 2, 4, 6, 8, 16 
and 18 hours after ICSI for the presence of a second 
polar body and two pronuclei. In case of frag­
mented first polar body, the presence of a second 
polar body was admitted only when it was clearly 
and separately distinguished from the fragments 
as a well-shaped glob. 

RESULTS 
Patients' background and fertilization out­

come are shown in Table I 11nd Table 2. A total of 
178 oocytes from 15 patients were collected. Of 
these, 148 oocytes (83.1%) were mature in meta­
phase II and could be injected. 24 oocytes (16.2%) 
degenerated following ICSI procedure. The remain­
ing 124 injected oocytes were further observed for 
fertilization and we found that 13 oocytes (8.8%) 
were non fertilized and 2 oocytes (1.4%) were 
abnormal fertilization (3PN). Normal fertilization 
rate was 73.6 per cent (1001148 oocytes) Table 3 
shows the time course of fertilization after ICSI. 
The earliest time that oocytes extruded a second 
polar body and pronuclear formation was 2 and 6 
hours respectively (8.3%, 8.3%) Almost all oocytes 
extruded a second polar body and pronuclear for­
mation at 8 and 18 hours respectively (98.2%, 
100%). 
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Table 1. Background details. 

Patient's age (years) 
Husband's age (years) 
Infertility period (years) 
Doses of hMG (ampoules) 
Number of oocytes retrieved 

C. KARA V AKUL et at 

Mean ± SD Range 

34.0 ±4.0 
39.4±5.7 

5.7 ± 2.5 
23.7 ± 6.0 

9.9 ±4.9 

24-39 
30-50 
2-10 

12-36 
3-20 

Table 2. Fertilization outcome. 

Total oocytes retrieved 
Metaphase II oocytes 
Degenerated oocytes 
Non-fertilized oocytes 
Abnormal fertilized oocytes 
Normal fertilized oocytes 

178 
148 (831%) 
24 (16.2%) 
13 (8.8%) 
2 (1.4%) 

109 (73.6%) 

Table 3. Time course of fertilization after ICSI. 

Hours after ICSI 

2 
4 
6 
8 

16 
18 

DISCUSSION 

Second polar body 

9 (8.3%) 
54 (49.5%) 
92 (84.4%) 

107 (98.2%) 
107 (98.2%) 
107 (98.2%) 

2 pronuclei 

0 
0 
9 (8.3%) 

33 (30.3%) 
105 (96.3%) 
109 (100%) 

After ICSI procedure, the consecutive 
stages of fertilization can be clearly observed. 
Oocytes can complete second meiotic division 
within 3 hours proved by extrusion of the second 
polar body(6). In 1997, Payne(5) used time-lapse 
video cinematography for observation of human 
oocytes fertilization and they found that there was 
a 20-53 minutes periodic cytoplasmic wave within 
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the ooplasm. The sperm head decondensed then the 
second polar body was extruded and the cytoplas­
mic wave ceased. The earliest time of extrusion was 
I hour 24 minutes. There was cytoplasmic flare 
before a male pronucleus centrally appeared, 
accompanied, simultaneously or shortly thereafter 
by the appearance of a female pronucleus which 
was smaller than the male pronucleus (22.4 and 
24.1 micron, respectively) and contained fewer 
nucleoli (4.2 and 7.0 respectively)O) Using any two 
of three criteria (diameter, nucleoli and location), 
we were able to correctly identify pronucleus as 
male or female 95 per cent of the time. Cytoplas­
mic flare might be related to the Mazia cell body, 
which was an area of cytoplasm organized by the 
centrosome and included microtubule motor pro­
teins drawing the female to the male pronucleus(8). 
Pronuclei could appear as early as 6 hours(9) but 
most were between 9-20 hours00). 

Time course of second polar body extru­
sion was probably dependent on the maturity of the 
ooplasma on the ability of decondensation of the 
sperm chromatin. The extrusion of the second polar 
body at 2 hours and appearance of earliest pronuclei 
at 6 hours indicated that about 4 hours was needed 
for pronuclear formation from the end of meiosis 
II. 

In ICSI process, the time of incorporation 
of the spermatozoon in the cytoplasm is always 
known precisely, therefore, the time course of fer­
tilization will depend only on the sperm cell and 
oocyte. Determining the fertilization periods and 
exhibition of two pronuclei are important for prac­
tical reasons to check for successful fertilization 
after ICSI procedure. 

In conclusion, our study suggests that 
oocyte activation (extrusion of the second polar 
body) after ICSI occurs as early as 2 hours, the first 
visible pronuclear development is observed at 6 
hours and all pronuclei appear at 18 hours after 
ICSI, so the appropriate time to determine fertiliza­
tion is at 2, 6 and 18 hours after ICSI. 

(Received for publication on April 9, 1999) 
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