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SUMMARY

The present work describes a cytogenetic study of in vitro matured
oocytes from cattle and buffalo to analyze the meiotic stages,to
determine the incidence of diploid metaphase II and to evaluate the in
vitro maturation progress. Oocytes were collected by aspiration from
ovaries of slaughtered cattle and buffalo.Recovered oocytes with at least
two layers of compact cumulus cells and homogenous cytoplasm were
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selected. A total of 721 cattle and 989 buffalo oocytes were matured in
droplets of TCM-199 supplemented with 10 % fetal calf serum and 50
ng/ml gentamycin at 39 °C in 5 % CO; incubator for two periods 21-24
hrs and 25-28 hrs. The nuclear matwation rates were 80.51 % .88.11 %
for cattle oocytes and 72.82 %, 86.93 % for buffalo oocytes at 21-24 hrs
and 25-28 hrs respectively. The maturation rate in cattle was
significantly increased (p=0.05) than buffalo at 21-24 hrs but there were
non significant difference between cattle and buffalo at 25-28 hrs. The
cattle oocytes matured earlier than buffalo oocytes,as no metaphase [ and
anaphase I stages (immature oocytes) was recorded at period 25-28 hrs,
but in buffalo, 5.02 % metaphase T and 3.01 % anaphase 1 satges were
recorded at the same period. The cattle diploid metaphase 1T was
significantly increased (p=0.05) from 2.79 % in the first period to 13.95
% in the second period, while in buffalo the percentage was nearly the
same (6.50 % and 6.49 %) and there were non significant difference
between the two periods.

Key words: Meiosis, vocyte, cattle, buffals.

INTRODUCTION

Chromosomal  abnormalities and  abnormal embryonic
development have previously been observed with human (Spielmann ez
al., 1985; Parikh et al, 2001 and Neal et al., 2002) and animals (Hyttel
et al., 2000; Villamediana ef al, 2001 and Viuff ef al, 2001) in vitro
fertilization. Chromosomal abnormalities may arise .not only after
fertilization but even carlicr during meiotic maturation of oocyte in
culture. They arise as a result of nondisjunction during the first or
second meiotic division in the ovum (Hansmann and []- Nahass, 1979)
or spermatozoon (Brahmkshtri ef al, 1998),

The chromosome complement of oocytes after in vitro
maturation was studied in buffalo ( Datta and Goswami, 1999 and
Mahmoud, Karima and Nawito, 2003), bovine (Tagiello et ol 1974;
Ectors e al, 1995 and Sosnowski ef al, 1996) and camel (Mahmoud,
Karima et al, 2003). The most common chromosomal abnormality in
oocytes was  diploid metaphase I Diploid ova arising from
nondisjunction at meiosis I1 of oogenesis were believed to be responsible
for most of the triploid embryos (Mong ef of, 1974 and Thorne and
Sheldon, 1991). The finding of McFadden er al, 1993) demonstrated
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that 75% of the examined human triploid fetuses were of digvnic origin
whileonty 25% were dizndric.

Oocytes with the dipioid number of chromosomss have besn
cbscrved with vazious freguencies according to the species, in husman:
8.3% (Dijalali et af, 1988), and 9.9% (Kunathikom et al, 2001}, in pi
14.4% (Bonneeu ef al, 1992), in horse: 2.7% (King, 1990), in buffale:
5.33% (Meahmoud,Karima 2001}, in bovine: 10.7% {Yadav er ai., 1991),
5.1% (Ectors ef of, 1995) and 1.5% (Lechniak ¢ of, 1996). The
dipioid ooeyte has beer found to be a more frequent abnormality than
the diploid spermatocyte which doss not exceed 1%. It was recorded that
diploid sperm cells occurred with a frequency of 0.05% in cattle
(Hassanane et af., 1999), €.09% in human (Martin ef i, 1993) and 1%
in rabbits {Carothers and Beatty, 1973).

The aim of the present investigation is to analyze the meiotic
stages of buffalo and cattle cocytes and to determine the incidence of
unreduced (diploid) cocytes to evaluate the in vitro maturation process
of both species.-

MATERIALS and METHODS

Qocytes recovery and selection

Ovaries of cattle (Bos taurus) and buffalo (Bubalus bubalis) were
collected allover the vear, transported from slaughterhouse to the
laboratory in a modified phosphate buffer saline (PH,7.2) containing 100
LU/ml pencillin and 100 pg/ml streptomyein. Oocytes were aspirated
from 2-5 mm follicles using 18 gauge needle attached to a 10 ml syringe.
Qocyies were washed 2-3 times in enviched Earle's salt media; TCM 199
with 10% fetal calf serum and 50 ug/ml gentamycin, Only cocytes with
at least two layers of compact cumulus cells and homogenous cytoplasm
were selected.
In vitro gocytes maturation

The recovered cocytes of cattle and buffaloes with completed or
partially invested cumulus cell layers were matured in vitro using the
enriched Earl's salt media for 21-24 hrs and 25-28 hrs af 39 C° in
atmosphere containing 5% COand 95% relative humidity.
Chromosome preparation

At the end of the culture period, the cattie ococytes were
incubated for short time (30-60 sec) in a solution of 0.25% trypsin and
0.02 M EDTA to help in removing the cumulus cells by pipetting. In
buffaloes, cumulus cells were removed mechanically by pipetiing.
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Chromosome slides were prepared according to the procedure described
by Tarkowski (1966). The meiotic stages and ploidy were recorded. The
oocytes that reach tclophase 1 and haploid metaphase I stage were
considered as matured cocyles. The percentage of diploid cocytes were
caleulated by dividing the total number of diploid metaphases over total
number of metaphase 1.
Statistical analysis

All data were statistically analyzed according to Snedecor and
Cochran (1982) using Costal computer program version 3.03 : copyright
1986 Cohort softwar,[JSA.

RESULTS

A total number of 721 together with 989 oocyles from cattle and
buffalo were selected for in vitro matwration. Chromosome shides were
prepared for 71.84% and 70.47% of catfle and buffalo oocytes, Only
69.31% in cattle and 68.15% in buffalo were available for observation,

The cytogenetic analysis of in vitro matured oocytes revealed
that 80.51 %, 88.11 % of cattle oocytes and 72.82 %, 86.93 % of buffalo
oocytes were matured (11 or haploid M T stages) at periods 21-24 hrs
and 25-28 hrs respectively. The maturation rate in cattle was
significantly increased (p=0.05) than buffalo at 21-24 hrs but there were
non significant difference between carttle and buffalo at 25-28 hrs,

With the progress of in vitro maturation of caftle and buffalo
00¢ytes, as shown in table (1) and tig. (1-2), cattle oocytes were matured
earlier than of buffalo. There was no any immature oocytes (metaphase T
and anaphase I) at period 25-28 hrs in cattle but in buffalo at this period,
there was 5.02 % metaphase 1 and 3.01 % anaphase 1 stages were
recorded.

The cattle diploid metaphase 11 was significantly increased
(p=<0.038) from 2.79 % in the first period to 13.95 % in the second period,
while in buffalo the percentage was nearly the same (6.50 % and 6.49 %)
and there were non significant difference between the two periods.

DISCUSSION

From the present data, the maturation rate was significantly
increased (p<0.05) in cattle than buffalo ar 21-24 hrs But the maturation
rate was nearly the same at 25-28 hrs for both cattle and buffalo, This
coincide with Palta and Chauhan {1998} who found the maturation raies
were the same in cattle and buffalo but the fertilization rates and the
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yield of blastocysts were much lower in buffale thar n cattle (Bon
al., 1999).

The maturation rate in cattle at 21-24 hrs was within the renge of
79 % reported by Ocana Quero ¢f ¢, (1994), 77.3 % by Sosnowski e
al., (199€) and 20.4 % by Hamam et of, (1997). Tn buffalo at 24 hrs,
similer maturation rate (73.3 %) was obtained by Singh and Dhanda
(1999), but was higher than 55.9 % reported by Hamam et i, (1997)
and lower than 92.10 % obtained by Datta and Goswarni (1999).

The cattle cocytes matured earlier than of buffalo as thers was no
any immature oocyies (MI or Al) were detected at 25-28 hrs in cattle.
While in buffaic about 5.02 % MI and 3.01 % Al stages were recorded.
This immature percentage of oocytes in buffalo at 25-28 hrs agrees with
the result of (Mahmoud, Karima, 2001).

The incidence of diploid cattle and buffalo oocytes in the present
investigation are within the range reported by the previous studics of
Ectors ef ol (1995) and Lechniak ef al, (1996) in cattle and Mahmoud,
Karima (2001) in buffalo. In both cattle and buffalo, a higher proportion
of oocytes at metaphase 11 stage was found in cocytes matured for 25-28
hrs when compared with coeyies matured for 21-24 hrs, Unfortunately,
in cattle, prolonged duration of in vitro maturation cause significant
increased (p<0.05) incidence of oocytes with the unreduced (diploid)
chromesome number.It may indicate that cocytes that require a longer
time to reach metaphase IT also more frequently demonstrate polar body
extrusion failure. The study of Sosnowski et al, (2003) showed that in
vitro maturation lasting 40 or more hours resulted in an increased
frequency of pig dipleid oocytes (15.0 %), when compared with a
shorter (30-36 h) duration of IVM (9.0 %). The effzct of the duration of
cocytes in vitro maturation was analysed in cattle by Ocana-Quero ef al.,
(1999) and they showed that the prolongation of IVM from 24 to 48 hrs
caused a nearly four times increase in the frequency of the diploidy (2.6
% after 24 hrand 11.4 % after 48 hr).

Diploid oocyte is one documented cause of triploid embryos. The
embryos formed as a result of fertilization of such oocytes would fail to
develop (Hansen, 2002). The occurrence of unreduced oocytes is due to
failure of the first polar body extrusion, or disturbance of mitotic
cleavage in the germ cell line resulting in the production of tetraploid
oogonia followed by normal meiotic division (Funaki and Mikamo,
1980).

With in vitro maturation procedure several factors can be
distingushed that influence the process of maturation which could lead to

e
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the development of diploid oocyles. Reports in human by Tarin and
Pellicer (1990) suggested that the number of diploid secondary oocyles
without extrusion of the first polar body was si gnificantly higher as the
increased number of oocytes were obtained with patients following
superovulation. They concluded that disruption of endocrine control of
meiosis could cause the appearance of diploid oocytes. On the other
hand, Ocana -Quero et af, (1999) noticed that high concentration of
serum (50%), follicles with a diameter between 11 and 15 mm, lower
culture temperature (37 C° and prolonged Incubation time (48 h) were
significantly (P<0.01) raised the percentage of bovine diploid oocytes,
Also a relationship between bovine oocytes diameter and the ploidy after
in vitro maturation was recorded, The size of secondary oocyies with
unreduced chromosome numbers was significantly smaller (P= 0.01)
than the haploid ones (Lechniak ef al., 2002). Another factor was noticed
by Luna ez al, {2001) who reported that, the nuclear slage at which
bovine oocyles are vitrified may affect the incidence of diploid
significantly (P<0.05) as more diploid oocyles were detccted after
vitrification at 0 h (28.5%) or 8 h (35.4%) of maturation. Ne differences
in the incidence of diploid metaphase 11 oocytes were observed between
the control (non - vitritied) group (2.4%) and oocytes vitrified at 12 h
(6.9%) or 22 k (2%) of maturation,

REFERENCES

Boni, R.; Roviello, S.; Gasporrini, B.; Langella, M and Zicarelli, L.
(1999} In vitro production of buffalo embryos in chemically
defined medium. Buffalo J. 1: 115 -120.

Bonneau, M Benkhalifa, M. Malet, P. and popescu, P, (1992):
Chromosome studics in sow cacytes cultured in vitro, 10 th
Liur. Coll. Cytogenet. Dom. Anim. 28 Abstract.

Brahmkshtri, BP. Fdwin, MJ and Krishnan, A.R. (1998): Sperm
chromosome study of Murrah buffalo by in vitro penetration of
zona- free hamster cggs. Buffalo J. 3; 345- 353.

Carothers, A.D. and Beaity, RA. (1975); The recognition of and
incidence of haploid and polyploid spermatozoa in man, rabhit
and mouse. I. Reprod, Fertil, 44: 487-500.

Datta, T.K. and Goswami, S.L. (1999): Time dynamics and chronology
of meiotic progression of buffalo (Bubalus bubalis) cocytes
during in vitro maturation. Bulfalo 1. 1: 53-60,

341



Assiut Vet, Med. J. Vol 50 No. 102 July 2004

Djalali. M.; Rosenbusch, B.. Wolf M. and Sterzik, K. (1988):
Cytogenetic of unfertilized human oocytes. J. Reprod. Fert. 84:
647-652.

Ectors, F.J.; Kodischer, L.; Jamar, M.; Herens, C.; Verloes, A.; Remy,
B. and Bechers, JF. (1993). Cylogenetic study of bovine
oocytes matured in vitro. Theriogenology 44: 445-450.

Funaki, K. and Mikamo, K. (1980); Giant diploid oocytes as a cause of
digynic triploidy in mammals. Cytogenet. Cell. Genet. 28: 158-
168.

Hamam, AM; Zabaal, MM, and Sabra, H.A. (1997): Effect of types of
Media on in vitro maturation, culture and fertilization of buffalo
and cattle oocytes. Beni -Swef Vet, Med. Res. 7: 242-259,

Hensen, P.J. (2002); Embryonic mortility in cattle from the embryo's
perspective. . Anim. Sci. 8G (suppl. 2): 33- 44. ‘

Hansmann, I and EL-Nahass, F. ({979); Incidence of nondisjuction in
mouse cocytes. Cytogenet. Cell Genet.24: 115-121.

Hassanane, M.; Kovacs, A.; Lawrent, P.; Linblad K. and CGusiavsson, I
(1999): Simultaneous detection of X- and Y-bearing bull
spermatozoa by double colour fluorescence in  situ
hubridization. Mol. Reprod. Dev, 53: 407-412.

Hyttel, P.; Viuff, D.; Lawrincik, J.; Schmidt, M.; Thomsen, P.D.; Avery,
B.; Callesen, IL; Rath, D.; Niemann, H.; Rosenkranz, C.}
Sehellander, K.; Ochs, R.L. and Greve, T.(2000): Risks of in -
vitro production of cattle and swine embryos: aberrations in
chromosome numbers, ribosomal RNA gene activation and
pernatal physiology. Human Reprod. 15: 87-97.

Jagiello, G.M.; Miller, W.A.: Ducayen, MB. and Lin, JS. (1974):
Chiasma frequency and disjunctional behavior of ewe and cow
oocytes matured in vitro. Biol. Reprod. 10: 354-363,

King, W.A. (1990): Chromosome abnormalitics and pregnancy failure in
domestic animals. Adv. Vet, Sei. Comp, Med. 23 : 229-250,

Kunathikom. S.; Makemaharn, €).; Suksompong, S. and Laokirkkiai, P.
(2001); Chromosomal analysis of (failed) human ococytes
resulting from in -vitro fertilization and intracytoplasmic sperm
injection. J. Med. Assoc. Thai. 84: 532-8.

Lechniak, D.; Switonski, M. and Sosnowski, M. (1996): The incidence
of bovine diploid cocytes matured in vitro. Theriogenology 46:
267 -277.

342




dssivi Yo, Med, J Voi 56 Ny, 103 July 2654

Lechniak. D.: Kaczmarer, D.: Stanisiowsii, D, ang Adamowicz, T
2062;: The ploidy of in vitre = fured hovine cocyies is related
to the diamester. Theriogenclogy 57: 1303 -8

Lung, HS. Ferreri I and Rumpf, R (2004): Influence of stage of
maturaticr: of hovine oocyles at the time of vitrification on the
ineidence of diploid metaphase 1T at completion of maturation,
Anim. Reprod. Sci. 68: 22.8

Mahmoud, Karime, Ghif (2001): Cylogenetic Studies on in -vitro
fertilization in buffaloes, Ph. D thesis (Theriogenology),
Faculty of Vet. Mec, Cairo University,

Makmoud, Karima, Gh.if and Nawito, MFE (2003): Cytogenctic
evaluation of in vitro matured buffalo cocytes in different
culture condition. Egypt. J. Vet. Sei. 37:105-116.

Mahmoud, Karima, Gh.f - El-Shahat. K.H. and El-Natiat, W.S. (2003):
Chromosome configuration during in viro maturation of
dromedary camel cocytes. Vet Med, J., 51:411-420.

Martin, RH.; Rademaker, AW and Leonard, N.J, (71995): Analysis of
chromosomal  abnormalities  in buman  sperm  afier
chemotherapy by karyotyping and Fuorescence in sty
hybridization (FISH). Cancer. Genet. Cytogenet. 80: 29-33.

McFadden, D.E.; Kwong, L.C.: Yam, Y.L and langlois, S. (1993):
Parental origin of triploidy in human fetuses: evidence for
genome printing. Human Genet, 92: 465-469,

Mong, S.J.; Snyder, JD.: Fechheimer, N.S. and Jaap, R.G. (1974): The
origin of triploidy in chick {Gallus domesticus) embryos, Can.
T. Genet. Cytol. 16: 317-322. )

Neal, S, Cowan, L.; Louis, JP.; Hughes, E.: King, WA and
Basrurg, P.K. (2002): Cytogenetic evaluation of human oocytes
that failed to complete meiotic maturation in vitro. Fertil. Steril.
77: 844-5,

Ocana - Ouere, JM; Pinedo- Merlin, M. and Moreno-Millan, M
(1999): Influcnice of follicle size, medium, temperature  and
time on the incidence of diploid bovine oocytes matured in
vitro. Theriogenology 51: 667-72

Ocana Quero, S Moreno Millan. M.; Valera Cordoba, M. and
Rodero Franganilla (1994): The influence of different types of
media supplement on the meiotic maturation of hovine oocytes
in vitro, Theriogenology 41; 405-411.

Palta, P. and Chavhan, M S (1998). Laboratory production of buffalo
(Bubalus bubalis) embryos. Reprod, Fertil. Dev, 10: 379-91,

343



Assint Vet Med, J. Vol. 56 No, 102 July 2004

Parikh, F.R.; Madon, P.F.; Athalve, A.8.; Naik, N.J.; Gada, S.D.; Ganla,
KN.; Nadkarni, SG.; patki, A.S. end Khot, S8 (2001
Preimplantation  genetic  diagnosis  of  chromosomal
abnormalities by multicolour fluorescence in situ hybridisation.
J. Indian Med. Assoc. 99: 441-4.

Singh, 8. and Dhanda, O.P. (1999). Buffalo estrus serum as a protein
substitute for in-vitro production of buffalo embryos. Indian
Vet. J. 76: 193-195.

Snedecor,G.W. and Cochran, W.G. (1982); Statistical methods.7 Ed.,
Towa Univ. press U.S.A.

Sosnowski, J.; Switonski, M., Lechniak, D). and Molinski, K (1996);
Cytogenetic evaluation of in vitro matured bovine oocytes
collected from ovaries of individual donors. Theriogenology 45:
865-872.

Sosnowski. J.; Waroczyk, M. and Switonski, M. (2003): Chromosome
abnormalties in secondary pig oocyles matured i vitro.
Theriogenolog, 60: 571-581.

Spieimann, H.; Kruger, C.; Stauber, M. and Vogel, R. (1983): Abnormal
chromosome behavior in human oocyles which remained
unfertilized during human in vitro fertilization. I in Vitro Fert.
Embryo Transf. 2; 138-42.

Tarin, J.J. and pelicer, 4. (1990): Consequences of high ovarian
response Lo gonadotropins: a cytogenetic analysis of unfertilized
human oocytes. Fertil. Steril. 54: 665-670.

Tarkowski. A.K.  (1966): An air- drying mcthod for chromosome
preparations from mouse eggs. Cytogenetic 3: 394-400.

Thorne, M H. and Sheldon, B.L (1991): Cytological cvidence of
maternal meiotic errors in a line of chickens with a high
incidence of triploidy. Cytogenet. Cell. Genet. 57: 206-210.

Villamediana, P.; Vidal, F. and Paramio, M. (2001): Cytogenectic
analysis of caprine 2- to 4-cell embryos produced in vitro.
Zygote 9: 193-9.

Viuff, D.. Hendriksen, P.L; Vos. P.L; Dieleman, S.J.,; Bibhy, BM;
Greve, T.; Hyttel, P. and Thomsen, P.D. (2001} Chromosomal
abnormalities and developmental kinetics in in vivo developed
cattle embryos at days 2 to 3 after ovulation. Biol. Reprod. 65:
204-8.

Yadav, B.R.; King, W.A.; Xu, K.P.! Pollard, J.W. and plante, L. 11991): Chromosome
analysis of bovine oocytes cultured in vitre. Genet. Sel. Fvol, 23: 191-1%96.

344




(egrsd) £ 1P QUITOD JWms otz v s 1o
T T S A

NP s suzdp

| | = oSzl SR T
A48 089 1T | G089 gue | 0 8 I ] O S I ) | 686 | ompug
G ] vt gog GG Bl WO eft  Ekp [ BjE | ik x_\.w@z el
ol oL G0 9] geoe on]  ser -~ B6C | vet  ; omyng
el ~E]e00 0] 00 o 10 | _EEL |00z | e
$EL 10T 059 ) A LGOS W LTI T | 665 | ompng:
LEOR 61C 1 60T § ] 0899 6er el Ov) o o lueenl 6c| me | Be | e | omw | peg
N %
{11 Yo ON| % onl g ENETS ON | % ON | nonRAOsaD
projhag gy mouge) | (e y 10 DgRIING $014000 $334000 (s09)
%, oz projde) (1) Wk asegdeimn paxiy paanns poad
aotRiy| postudmopy [aseudeuy E&Eaﬂ&e_ J0oN _ J0 0N FOUON | saads _ ampngy

"O[RLING pUR S[1BD W $oy

000 prodip jo sousprour pue UORRNIEW 0454 17 JO SSUBOL 2| 2[qe].

345



Assiut Vet. Med. J. Vol. 50 No. 102 July 2004

Fig. 1. Callle oocytes at different stages of meiosis. A) Metaphase I stage. Note the
bivalent chromosomes. B) Comvlete homologous segregation of chromosomes at
araphase L C) Telophase [ stage showing two groups of equally spread homologous
chromosomes. D) Metaphase I Note the normel haploid number. £} Diploid
metaphase without extrusion of the first polar body.
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Fig. 2. Buftalo oocytes at different stages of meiosis: A) Metaphase I stage. Note the
bivaient chromosomes. BY Comblete homologeus seercaation of chromosomes at
anaphase L. C) Telophase I stage showing two groups of equaily spread homologous
chromosomes. D) Metuphase 1L Note the normal haploid number. BY Divloid
metanhase without extrusion of the first polar body.
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