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Background: The high fertilization failure after IVF treatment cycles could be related to 
chromosomal abnormalities. This study was carried out to assess the frequency of chromosomal 
abnormality on human oocytes lacking signs of fertilization 18-20 h after insemination . 
Materials and Methods: On day one, 18-20 h  after insemination (IVF), fertilization was 
confirmed when two pronuclei (normal IVF) or more pronuclei (poly pronucleus FR) were present. 
Chromosomal analysis of unfertilized oocytes was carried out within 20-24 h  of collection. All 
oocyte did not sign of pronuclei were collected from total fertilization failure, TFF (FR=0) or partial 
fertilization failure, PFF (FR=10-90%). Chromosomal preparation was carried out as described by 
Tarkowski’s techniques. The average of finding between two groups was compared by X2 test. 
Results: Chromosome spreading permitted adequate analyzing in 348 unfertilized oocytes. In 
33.6% chromosomal aneulpoidy was observed with the following frequencies; hypo-hyploidy, 
22/348 (6.4%), hyper-hyploidy, 42/348 (12.2%) and diploidy, 52/348 (15%). The frequency of 
aneuoplidy was  significantly higher  in TFF group  33/80 (41%)  than  PFF group 83/268 (31%), 
p<0.01, X2. The most frequent numerical aberration was observed in chromosome group, G of the 
human karyotyped. 
Conclusion: Since cytogentic analysis of failed fertilized oocytes and sperm function tests are very 
helpful for direct information on low success rate of fertilization, further studies analyzing on both 
gametes function in TFF cycles will be needed.  
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Introduction 
 
     Assisted reproductive techniques (ART) have become 
an established treatment for certain types of human 
infertility, with high fertilization rate (Edirisinghe et al., 
1997). With ARTs used for fertilization of human 
oocytes in vitro are extremely effective, the overall 
fertilization rates are now consistently about 60-80% in 
programs per inseminated egg (Bedford and Kim 1993). 
The fertilization failure may be occurred in some and/or 
occasionally all oocytes.  In other words, in some 
women, it is common to find that some and occasionally 
all pre-ovulatory oocytes in a clutch are non-fertilized. 
TFF occurs  in about  10-15%  of  patients  (Barlow et al 
1990).  Whereas,  partial   failure in a subset  of  visually 
TFF occurs in about 10-15% of patients (Barlow et al. 
1990). Whereas, partial failure in a subset of visually 
normal  and  mature  oocytes  from a  clutch  despite the 
presence of competent spermatozoa, is more common. 
There are several reasons for a proportion of oocytes to 
remain unfertilized after insemination, such as 
abnormality of sperm DNA, sperm inability to undergo 
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the acrosome reaction, immature oocyte either GV or MI 
stages and chromosomal abnormality as well (Kalantar et 
al., 1995; Plachot, 1995; Abruzzo & Hassold, 1995; Wall 
et al., 1996). Several researches have been attempted to 
analyze the chromosomal components reporting the 
incidence of chromosomal aberrations in the human 
oocyte to range from 11% to 49% (Bongso et al., 1988; 
Ma et al., 1989; Macas et al., 1990; Angell et al. 1991; 
Tarin et al., 1991; Kamiguchi et al., 1993; Almmedia & 
Bolton 1994; Sengoku, 1997). 
    This study was carried out on 115 patients underwent 
IVF treatment cycles who referred to our center for their 
infertility problem. Cytogenetic analysis was performed 
on 513 oocytes, which did not present signs of 
development 18-20 hr after insemination or re-
insemination In Vitro.  

 
Materials and  Methods 

 
    Patients who were underwent ART at Yazd Research 
& Clinical Center for Infertility gave written consent to 
donate their excess oocytes and unfertilized oocytes for 
Cytogenetic analysis. The induction procedure was done 
as previously described (Aflatoonian et al., 2000). 
Oocytes were aspirated transvaginally with ultrasound 
guidance 35 h after the hCG administration. Oocytes 
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Table I: The overall results of failed fertilize oocytes 
from TFF and Pff cycles 
 

Variables TFF PFF Total 
All oocytes 85(16.6) 427(83.4) 512 
No. of cycles 26(11.8) 198(88.2) 220 
Analysed 
oocytes 

80(23.0) 268(77.0) 348 

Haploid (n=23) 47(20.3) 185(80.0) 232 
Aneupolidy    
Hypo-haploid 05(22.7) 17(77.3) 22 
Hyper-haploid  12(28.6) 30(71.4) 42 
Diploid 16(3.8) 36(69.2) 52 
* The numbers in parentheses are percantage 
 
 

Table II: Chromosomal Complement of Unfertilized 
oosytes  
 

Hypo-haploid No. Hyper-haploid No. Diploidy No. 
20,X-A,-C,-G 1 26,X,+G,+C,+D 1 46,XX 37 
21,X,-D,-D 1 25,X,+c,+A 1 46,XY 15 
21,X,-C,-E 1 24,X,+G 11   
21,-C,-X? 1 24,X,+X 1   
22,X,-C 1 24,X,+D 7   
22,X,-E 2 24,X,+C 8   
22,X,-G* 5 24,X,+mar 12   
22,- 6     
22,X,-A 2     
22,-? 2     
Tptal 22  42  52 

 

 
were cultured in Ham’s F10 medium supplemented with 
10% FBS. Insemination was carried out 4-6 hr following 
oocyte recovery using 50,000-100,000 motile 
spermatozoa/ml which were separated from seminal 
plasma by Percoll preparation. On day one, 18-20 h after 
insemination (IVF), fertilization was confirmed when 
two pronuclei (normal IVF) or more pronuclei (poly 
pronucleus FR) were present. All embryos were graded 
on basis of 1-4 scales and transfered the best quality 
were selected and replacement to the uterus.   
Chromosomal analysis of unfertilized oocytes was 
carried out within 20-24 hr of collection.  
 
    Cytogenetic methods 
    Chromosomal preparation was carried out as 
described by Tarkowski’s techniques (Tarkowski, 1966). 
Briefly, all oocyte with no sign of pronuclei were 
collected from TFF  PFF. Prior to fixation for 
chromosomal analysis the cumulus cells were removed 
from the pre-ovulatory oocyte using 0.1% hyaluronidase 
(Sigma, Chemical Co., St Louis). The zona pelucida 
removal was done by mouth pipetting in and out. All 
oocytes were then exposed to a 1% sodium citrate  
 

 
ashypotonic solution for 10 min. and fixed by a few 
drops of freshly prepared Carnoy’s solution (3 parts 
ethanol: 1  part  acid  acetic glacial,  Merck).  The   slides 
were dried on a warming plate, and then stained in 10% 
Gimsa solution (Merck), the metaphase cell examined 
under an oil immersion objectives lens (Nikon, Co.). The  
results were analyzed by X2-test, using SPSS for 
windows.  
 

Results 
  
    In total, 512 unfertilized oocytes from 220 cycles with 
mean age 30.6+5.1, ranged 23-41 were prepared for 
further Cytogenetic investigation. Chromosomal analysis 
was possible on 348 unfertilized oocytes (68%). The 
number of oocyte per cycle ranged from 1 to 12. All 
oocytes remained unfertilized from 26 TFF cycles, and 
in 194 cycles ranged from 1 to 5 as PFF. The 
Cytogenetic results of unfertilized oocytes are shown in 
Table I.A total of 232 unfertilized oocytes (66.3%) had a 
normal haploid karyotype. 6.4% of oocytes had hypo-
haploid karyotype, forty-two oocytes (12.2%) were 

 
 
 
 
 
 
 
a) 

 
 
 
 
 
 
b) 
 

 
 
 
 
 
 
 
 
Figure 1. Metaphase plate of unfertilized oocytes after insemination in IVF program, prepared by Tarkowski method. 
 

a)  typical metaphase plate with a diploid oocytes 
 

 
  b)A typical hyperhaploidy (n>23 chromosome) oocyte  
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hyperhaploid , +1, to +3 (Figure 1.) and 52 were diploid 
(2n) (Figure 2). Of those only 5 cycles had more than 
one oocyte with abnormal chromosome, and remaining 
had only one abnormal oocyte per cycle. The most 
frequent numerical aberration was observed in 
chromosome groups, G, D, C, A of the human 
karyotyped. In cycles with TFF, 33 out of 80 oocytes 
showed aneuploidy which was significantly higher than 
cycles with PFF, where aneuploidy was 83 out of 268 
oocytes (p<0.01, X2). 

 
Discussion 

 
The occurrence of unfertilized oocytes considered 
common in ART treatment cycles. The failed 
fertilization is caused by abnormal gametes either oocyte 
or   sperm  (Bedford  et al.,  1993).  Regarding    to    MII 
oocytes and associated with spontaneous miscarriage, 
may all contribute to the final chromosomal 
abnormalities in the human abnormal embryos (Plachot, 
1995; Abruzzo & Hassold, 1995; Wall et al., 1996; 
Kamiguchi et al.,1993; Almmedia & Bolton   1994; 
Sengoku et al., 1997). The present data on cytogenetic 
analysis of unfertilized oocytes is compared with the 
average finding of the previous studies presented in 
Table 3 (32.75, ranged 18–73.8). The 33.3% total 
abnormality rate of oocytes failed to cleave 44-66 h after 
insemination, compared favorably with results from 
several studies (Bongso., 1988; Macas et al., 1990; 
Pellestor., 1991; Kamiguchi et al., 1993; Lim et al., 
1995; Edirisinghe et al., 1997), but not with data from 
others (Ma et al., 1989; Delhanty & Penketh, 1990; Tarin 
et al., 1991; Almeida & Bolton, 1994; Nakaoka et al., 
1998; Martini., et al., 1997). The difference of the 
romosomal aberration between different studies may be 
explained by  several factors such as, cause of infertility, 
age of women, method of culturing of oocytes, 
stimulation protocol, also method of oocytes preparation 
for chromosomal analysis as well (Edirisinghe et al., 
1992; Lim et al., 1995; Sengoku et al., 1997; Edirisighe 
et al., 1997; Nakaoka et al., 1998). It is reported that with 
the method described by Tarkowski an artificial loss of 
chromosome might occur while using the gradual 
fixation/air-drying method leads to poor spreading of 
chromosomes from oocytes that cause difficulty for 
analyzing in  detail  (Dyban et al., 1993;  Nakaoka et  
al.,1998). In our study, the success rate of chromosome 
analysis was 68% which is in more than the gradual 
fixation/air-drying method used by others (Edrisinghe et 
al., 1997; Nakaoka et al., 1998). The incidence of 
chromosome aneuploidy in our study was not 
significantly different from previously reported as 
29.65%, ranged 25%-37.3% (Pellestor et al., 1991; Tarin 
et al., 1991; Lim et al., 1995; Edrisinghe et al., 1997; 
Smith et al., 1998) which obtained using both methods 
As shown in Table2, aneuploidy in unfertilized oocytes 
was observed in all groups except B and F. the frequency 
of aneuploidy in group G (n=20, 32.2%) was higher than 
that in the other groups, which the results consistent with 
the data reported by Zenzens et al., 1992; Kamiguchi et 
al., 1993; Nakaoka et al., 1998, while we found only one 

oocytes with chromosomal anomaly in E group, and non 
in B and F, groups. 
     We found hypohaploidy in 6.3% of the all analysed 
oocytes, which is similar to the value of 5.9% reported 
by Kamiguchi et al., 1993 while hyperhaploid was 12% 
which was much higher than their value of 4.3% but 
similar to others report by (Ma et al., 1989; Macas et al., 
1990; Angell et al., 1991; Almeida & Bolton., 1994).  In 
the recent study, the overall incidence of dipolidy was 
high (14.9%) which was similar of finding by  Almeida 
& Bolton., 1994. Our results showed that the incidence 
of chromosome abnormality in unfertilized oocytes in 
TFF cycles was significantly higher than oocytes failed 
to fertilize in PFF. In the case of TFF cycles the semen 
parameters according to the WHO, 1998 were normal 
and did not impair the sperm quality. It is interesting to 
note that in nine cycles in a repeated IVF cycles, arrest of 
the oocytes was already observed and in one of those 
cycles sperm with abnormal DNA was found and no 
chromosomal abnormality in those cycles detected 
(Kalantar et al., 1998). To our knowledge, the present 
study represents the analysis of unfertilized oocytes 
obtained in TFF vs PFF. In conclusion, in a cytogentic 
study carried out in patents groups with similar 
stimulation regimens, culture condition, treatment cycle, 
oocytes preparation, we were able to show that total 
fertilization failure may be affected by chromosomal 
aneuploidy. Like all previous studies, there are 
limitations to the approach used in this study. For 
instance using FISH technique to analysis the 
chromosomal abnormality, which would helpful to 
identify anomalies in detail. Also, we did not performed 
sperm function tests to find any sperm abnormality 
especially in TFF cycles to look the possible reasons of 
sperm and egg dysfunction should be caused of 
fertilization failure. Since cytogentic analysis of failed 
fertilized oocytes and sperm function tests are very 
helpful for direct information on low success rate of 
fertilization, further studies analyzing on both gametes 
function in TFF cycles will be needed.  
 

Acknowledgment 
 
    The authors wish to thank IVF team of the centre for 
providing unfertilized oocytes. 

 
References 

 
Almeida PA., and Bolton VN (1994) The relationship 

between chromosomal abnormalities in the human 
oocytes anf fertilization in vivo. Hum Reprod  9, 
343–346.   

Abruzzo, M.A. and Hassold, T.A. (1995) Etiology of 
nondisjunction in humans. Environ. Mol. Mutagen., 
25 (Suppl. 26), 38–47.  

Aflatounian., Karimzadeh., Dehghani., Kalantar SM., et 
al. 2000. The role of aspiration of half ovarian 
follicles prior to admistration of hCG or GnRH-a for 
prevention of severe OHSS in ART programs. Midd. 
East. Ferti. Soci.J. 5.1; 73-75 

35  [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

17
 ]

 

                               3 / 5

https://ijrm.ir/article-1-6-en.html


Iranian Journal of Reproductive Medicine Vol.1, No.1 pp. 33-36, 2003. 
 

 35

Angell, R.R., Ledger, W., Yong, E.L. et al. (1991) 
Cytogenetic analysis of unfertilized human oocytes. 
Hum Reprod  6, 568–573.  

Barlow, P., Englert, Y., Puissant, F. et al.,. (1990). 
Fertilization failure in IVF: why and what next? 
Hum Reprod 5:451-456. 

Bedford, J.M. and Kim, H.H. (1993) Sperm/egg binding 
patterns and oocyte cytology in retrospective 
analysis of  fertilization failure in vitro. Hum Reprod  
8, 453–463 

Bongso, A., Ng, S.C., Ratnam, S. et al. (1988) 
Chromosome analysis in human oocytes failing to 
fertilize after insemination in vitro. Hum Reprod  3, 
645–649. 

Delhanty, D.A. and Penketh, R.J.A. (1990) Cytogenetic 
analysis of unfertilized oocytes retrieved after 
treatment with the LHRH analogue, buserelin. Hum 
Reprod 5, 699–702. 

Dyban, A., De Sutter, P. and Verlinsky, Y. (1993) 
Preimplantation cytogenetic analysis. In Verlinsky, 
Y. and Kuliev, A.M. (eds), Preimplantation 
Diagnosis of Genetic Disease. Wiley-Liss, New 
York, pp. 98. 

Edirisinghe, W.R., Murch, A.R. and Yovich, J.L. (1992) 
Cytogenetic analysis of human oocytes and embryos 
in an in-vitro fertilization programme. Hum Reprod  
7, 230–236. 

Kalnatar SM., Lenton EA., Barratt CLR (1995) Sperm 
function tests and fertilization failure following IVF. 
In Human sperm acrosome reaction, (Eds) Fenichel 
P & Parinaud J, Colloque INSERM/John Libbey 
Eurotext Ltd,  236, pp. 439-440. 

Kalantar SM., Lenton EA (2000)  Evaluating the ability 
of biological substancesfor induction of acrosome 
reaction in normospermic samples. Midd  East Ferti. 
Soci J 5.2;71-78. 

Kalantar SM., Lenton EA., Brewis I., et al (1998)  
Fertilization failure of IVF predictive power of SFT. 
Andrologia., 30:4-5, 180-181. 

 Kalantar SM., et al., Evaluation of a cut-off level for 
DNA normality of sperm to predict fertilization 
failure following IVF-ET. 5th Annual Meeting of  
MEFS. Amman Jordan, 1998. 

Kamiguchi,Y., Rosenbusch, B., Sterzik, K. and Mikamo, 
K. (1993) Chromosome analysis of unfertilized 
human oocytes prepared by a gradual fixation-air 

drying method. Hum Genet  90, 533–541. 
Lim, A.S.T., Ho, A.T.N. and Tsakok, M.F.H. (1995)  

Chromosomes of oocytes failing in-vitro 
fertilization. Hum Reprod 10, 2570–2575. 

Ma, S., Kalousek DK., Zouves C., et al., (1989)  
Abnormal chromosome arrangements in human 
oocytes. Hum Reprod  5, 703-707. 

Macas E., Floersheim Y., Hotz E. et al., (1990) 
Chromosome analyzing of human oocytes failing to 
fertilize in vitro. Fertil  Steril  51, 992-997. 

Mozdarani H & Aghdaei F (2001) Cytogenetics analysis 
of failed-fertilized oocytes from Iranian infertile 
women after in vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) procedures. 
MEFSJ  6.3:216-225. 

Nakaoka Y, Okamoto E, Miharu N, Ohama K. (1998), 
Chromosome analysis in human oocytes remaining 
unfertilized after in-vitro insemination: effect of 
maternal age and fertilization rate. Hum Reprod 
13(2):419-24. 

Pellestor F (1991) Frequency and distribution of 
aneuploidy in human female gametes. Hum  Genet  
86, 283-288. 

Plachot, M. (1995) Oocyte — genetic aspects. In 
Grudzinskas, J.G. and Yovich, J.L. (eds), Gametes 
— The Oocyte. Cambridge University Press, 
Cambridge, pp. 95–107. 

Sengoku K. ,.Tamate K,.Takuma N, Yoshida T.,.Goishi 
K and.Ishikawa M (1997) The chromosomal 
normality of unfertilized oocytes from patients with 
polycystic ovarian syndrome Human Reproduction 
12, 3 pp.474–477, 

Smith. R., Walker L., Cobo AC., et al., (1998) 
Contribution of chromosomal abnormalities to in 
vitro fertilization failures. Rev  Med  Chil  
126(5):511-9. 

Tarkowski, A.K. (1966) An air-drying method for 
chromosome preparation from mouse eggs. 
Cytogenetics, 5, 394–400. 

Tarin, J.J., Gomez, E., Sampaio, M. et al. (1991) 
Cytogenetic analysis of human oocytes from fertile 
women. Hum  Reprod 8, 1100–1103. 

Wall, M. B., Marks, K., Smith, T. A. et al. (1996) 
Cytogenetic and fluorescent in-situ hybridization 
chromosomal studies on in-vitro fertilized and 
intracytoplasmic sperm injected ‘failed-fertilized’ 

human oocytes. Hum Reprod  11, 2230–2238. 
World Health Organization (1999) WHO Laboratory 

Manual for the Examination of Human Semen and 
Sperm-Cervical Mucus Interaction. Cambridge 

University Press, Cambridge, UK. 
Zenzes, M.T. and Casper, R.F. (1992) Cytogenetics of 

human oocytes, zygotes, and embryos after in vitro 
fertilization. Hum Genet  88, 367–37. 

36  [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

17
 ]

 

                               4 / 5

https://ijrm.ir/article-1-6-en.html


Iranian Journal of Reproductive Medicine Vol.1, No.1 pp. 33-36, 2003. 
 

 36

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://ijrm.ir/article-1-6-en.html
http://www.tcpdf.org

