ACTA VET. BRNO, 55, 1986: 41 —47

OCCURRENCE OF MORPHOLOGICALY CHANGED OOCYTES
IN OVARIAN FOLLICLES OF COWS IN THE COURSE
OF SEXUAL CYCLE

L. HOSEK, A. VINKLER, E. KUDLAC and L. KUPKOVA

Department of Farm Animal Reproduction and Surgery, University of Veterinary Science,
612 42 Brno

Received August 30, 1984

Abstract

Hosek L., A. Vinkler, E. Kudla¢ and L. Kupkova: Occurrence of Morpho-
logically Changed Oocytes in Ovarian Follicles of Cows in the Course of Sexual Cycle.
Acta vet. Brno, 55, 1986: 41 —47.

Tha basic morphological features of oocytes in the course of the sexual cycle
were studied in cows. The oocytes were collected from ovaries of slaughtered
cows of the Czech Pied, Black Lowland Pied breeds and their crosses. The animals
were 3 to 9 years old.

The oocytes were recovered from small (3—5 mm), medium size (7—9 mm)
and large (10—15 mm) Graafian follicles. In the course of the cycle, the oocyte
size, thickness of the zona pellucida, presence of cumulus oophorus cells and the
number of degenerated oocytes were followed. The average size of the oocyte
was 162.8 um, the zona pellucida was 20.38 um thick.

About 60 % oocytes recovered from all follicles: had the cumulus oophorus
preserved. The largest number of morphologically unchanged oocytes with intact
cumulus oophorus was found in medium size follicles in the last third of the cycle
(89.41 %). On the other hand, morphologically changed oocytes were most frequent
in all sizes .of follicles in the middle phase of the cycle.

These findings are in agreement with better results when using biotechnology
methods in cows treated during the middle or more within the second half of the
sexual cycle. :

Qocyte, Graafian follicle, size, zona pellucida, cumulus oophorus.

Introduction of large-scale technologies into cattle husbandry requires the use of modern
biotechnology methods of reproduction. There exists, however, a number of hitherto unresolved
problems requiring an intensive research into the physiology of all phases of the sexual cycle.
Already in 1960 Rajakovski called attention to the fact that the quality of oocytes in the Graa-
fian follicles is dependent on the phase of the sexual cycle of the dams. Chowdry et al. (1968)
gives average numbers of 23.7 % non-atretic and 76.3 9 atretic tertiary follicles on ovaries
of cows and heifers in the course of their cycles. According to Kudla¢ et al. (1977) in sexually
mature cows 46 + 4.8 per cent of follicles 1 —10 mm in size are atretic. Maracek et al.(1977)
found 26.7 per cent of non-atretic follicles in the follicular phase of the cycle, and 21.9 per cent
of non-atretic and 78.1 per cent of atretic follicles during the luteal phase of the cycle in cows.

Motlik (1973) emphasized the effect of cumular cells upon the development and maturation
of oocytes. Pivko et al. (1981) conformed a close functional relationship between the oocyte
and the cells of the cumulus oophorus. Kudla¢ et al. (1977) and Hahn (1984) have called
attention to the fact that in the synchronized estrus in cattle by prostaglandins or with stimulated
superovulation in donors for embryo transfer programmes the results are affected by the phase
of the cycle and by the functional status of the ovaries.

The aim of the present work was to investigate the basic morphological features of oocytes
in the course of the ovarian cycle in the cow.
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Table 1
Follicle sizes, numbers and sizes of recovered oocytes and thickness of the zona pellucida

Follicle Number of Oocytes recovered Oocyte Thickness of No. of
size in examined ) size in zona pellucida 9. ‘:i
mm : follicles No. % um inpm examinations
Small 3—5 971 432 4.5 £18,6 36

£ 157,7
119,9—174,4 13,2-21,8

Medium 7—9 834 433 51,9 - 164,6 v % 20,6 34
152,6—185,3 13,2—-27,2
Large 10—15 419 251 59,9 £166,2 £22,0 33
132,4—185,3 13,2-27,2
Total 2224 1116 50,2
Table 2
Quality of oocytes recovered from small follicles
y . Oocytes with cumulus
Phase of No. of oocytes With cumulus - Without cumulus oophorus morphologically
cycle (day) _ examined °°Ph°{“‘ °°l’h°{“‘ unc! degenerated
! No. (%) No. (%) No. (%) No. (%) -
1.—8. 95 45 (47,9) 50 (52,6) 24 (53,3) 21 (46,7)
9.—14., 141 86 (61,0) 55 (39,0) 51 (59,3) 35 (40,7)
15.—20. 112 66 (58,9) 46 (41‘,0) 49 (74,2) 17 (25,8)
Total ] 348 197 (56,6) 151 (43,49) 124 (62,9) 73 (37,0)
Table 3

Quality of oocytes from medium size follicles

Phase of No. of oocytes With cumulus Without cumulus ggﬁgumm:pulﬁﬁﬁcaﬂy

cycle (day) examined ‘;&'5?‘?5/:‘)3 %’g‘z’{/"”)’ unlci}g:n(% deﬁ::e(r;:)ed
1.—8. 117 62 (53,0) 55 (47,0) 36 (58,0) 26 (‘41,9)
9.—14, 114 77 (67,5) 37 (32,5) 39 (50,6) 38 (49,3)
15.—20. 126 85 (67,5) . 41 (32,5) 76 (89,4) 9 (10,6)
Total 357 224 (62,7 . 133 (37,2) 151 (67,4) 73 (32,6)
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Materials and Methods

Ovaries for oocyte collection were collected from slaughtered cows at a municipal slaughter-
house. A total of 429 ovaries from 218 cows were investigated. The animals were 3 to 9 years
old and of the Czech Pied and Black Lowland Pied breeds and their crosses. Investigated were
only ovaries from cows in which a physiological course of the sexual cycle could be assumed.
The oocytes were investigated within 2 hours of slaughter.

The ovaries were divided according to the status of the corpus luteum and maturation of the
follicles into groups corresponding to days 1 to 8, 9 to 14, and 15 to 20 of the cycle. Oocytes
were collected from large (10—15 mm), medium (7—9 mm) and small (3—5 mm) follicles. The
oocytes with the follicular fluid were transferred to a watch glass with a double volume' of the
medium (phosphate buffered physiological saline after Dulbec with 5 9 bovine fetal serum).
Oocytes were viewed using a stereomicroscope (magnification 6.3 x1.6) and transferred into
clean medium. Their quality was evaluated according to the presence of cumulus oophorus
cells and intact zona pellucida. After mechanical removal of the cumulus oophorus cells the
intactness of the zona pellucida and evaluation of the oocyte proper was carried out at a magni-
fication 8 X4 or 8 x 10. The oocytes were measured with an ocular micrometer at a magnification
of 15x10.

The oocytes collected from the small, medium and large follicles were further divided into
a group of oocytes with intact cumulus oophorus and a group with no cumulus oophorus.

QOocytes with intact zona pellucida, finely granular and evenly distributed deutoplasma were
considered morphologically normal, and those with ruptured zona pellucida, unevenly distributed
deutoplasma, vacuoles present in deutoplasma and various clusters of deutoplasma in the form
of granules of various sizes were evaluated as morphologically changed.

Results and Discussion

The numbers of collected oocytes and their size groups are given in Table 1. The
greatest recovery rates were from the large follicles (59.9 %;). Examination of 407
follicles showed that the recovery rates increased with increasing amount of the
follicular fluid which in turn was the largest in the group of large oocytes.

The follicular fluid amounted 0.04 to 0.08 ml in sma]l folhcles, 0.18 to 0.44 ml
in medium and 0.5 to 1.66 ml in large follicles.

After mechanical removal of the cumulus cells the oocytes recovered from the three
size groups of follicles were measured and the results are given in Table 1. According
to Kudlag et al. (1977) the size of bovine oocytes is 130 to 170 pm and the thickness
of the zona pellucida is 15 um. Our findings are in agreement with these data except
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for the thickness of the zona pellucida which was somewhat greater in our material.
In larger follicles larger oocytes with a thicker zona pellucida were found. The zona
pellucida (and its sialic acid content) reportedly protects the oocyte from the auto-
immune processes of the mother also after oocyte transfer (Sokolovskaya 1976).
Our findings of thicker zona pellucida in oocytes from larger follicles seem to support
her conclusion.

The presence of cumulus oophorus was the most important sign when evaluating
quality of the oocytes as it is inevitable for maturation of the oocyte after ovulation,
supports its fertilization ability and participates in the acrosomal reaction of sper-
matozoid (Motlik 1973).

The quality of oocytes recovered from small follicles is analyzed in Table 2 showing
that from day 9 of the cycle more oocytes with cumulus oophorus were recovered
than in earlier days of the cycle. Moreover, the number of morphologically unchanged
oocytes with intact cumulus oophorus was highest when recovered in the middle
phase of the cycle. .

The quality of oocytes recovered from medium size follicles is given in Table 3
and Fig. 2. Interestingly, the number of morphologically unchanged oocytes with
cumulus oophorus decreased from 58 % in the first phase of the cycle to 50 % in
the middle phase, ane increased sharply to 89.4 9 in the last phase of the cycle.

Data summarized in Table 4 and Fig. 3 show the numbers of oocytes recovered
from large follicles. In this group, the number of normal oocytes in the first phase
of the cycle was extremely low and increased towards the end of the sexual cycle.

Recovery rates of normal oocytes with intact cumulus oophorus are summarized
in Fig. 4. '
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Fig. 3 Morphologically unchanged (dot- Fig. 4 Recovery rates of morphological-
ted columns) and degenerated (em- ly unchanged oocytes with cumu-
pty columns) oocytes with cumulus lus oophorus in the course of the
oophorus from large oocytes reproductive cycle

Evaluation of oocytes as far as their zona pellucida is concerned revealed that
from 432 recovered oocytes damaged zona pellucida and loose deutoplasma was
found in 8 oocytes (1.5 %). Among 433 oocytes from medium size follicles 22 were
damaged (5.08 %). Among 251 qocytes from large follicles 11 had a ruptured zona
pellucida (4.38 %). From a total number of 1 116 oocytes 41 (3.67 %) had a ruptured
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zona pellucida. This finding is interesting especially in context with occurrence
of sterility for unknown reasons (sterilitas e causa ignota) under which 5 to 10 per
cent of dams are suffering (Kudlac¢ et al. 1977).

Interesting facts emerge from the data summarized in Table 5: in each of 37 cows
(20.9 %) from both ovaries 70 and more per cent of undamaged oocytes were re-
covered while in 42 animals (23.7 %) all oocytes were morphologlcally changed.
The recovery rates of morphologically unchanged oocytes in the individual phases
of the sexual cycle differed considerably: in the first phase 70 and more per cent
of undamaged oocytes were found in 10 cows (18,2 %), in the second phase a decrease
to 11.4 9¢ but in the last phase an increase to 34.5 7 (i.e. 19 animals) was observed.
Also data on reverse situation, ie. findings of morphologically changed oocytes
on all occasions are of interest: in the first phase of the cycle such oocytes were
found in 23.1 9% of animals, in the second phase in 31.4 9 and in the last phase
only in 14.5 9 of the cows.

Table 4
Quality of oocytes from large follicles . .
Phase of No. of oocytes With cumulus Without cumulus Oocytes with cumulus
cycle (day) examined oophorus oophorus oophorus morphologically
No. (%) No. (%) h d d ated
No. (%) No. (%)
1.—8. 39 16 (41,0) 23 (59,0) 4 (25,0 12 (75,0)
9.—14. 76 49 (64,5) 27 (35,5) 10 (20,4) 39 (79,6)
15.—20. 83 53 (64,8) 30.(35,2) 33 (62,3) 20 (37,7)
Total 198 118 (59,6) 80 (40,0) 47 (39,8) 71 (60,2)
Table §

Occurrence of undamsged oocytes with compact cumulus oophorus in cows
in the course of their sexual cycle

No. (%) of oocytes without morphological ch and with comp lus oophorus
Dayof o 09 l1i—10%| 11—| 21— | 31— | 41— | si— | 61— | n— | 81— | 01—
cycle | mals —20 % |—30 % [—40 % |—50 % [—60 % —70 % |—80 % [—90 % |—100 %

No. (%)|No. (%)No. (%) (%) (%) ) %) ) ) %) (0]

1.—8.| 52 12 0 11 2 6 8 3 0 7 0 3
@3,1) © | QLD | G8 | AL | (154 | (.8) © | (12,5 ©) (5,8)

9.—14.{ 170 22 0 5 6 14 12 1 2 4 0 4
(L4 © @D | 86 | (20,00 | A7, | 44 | @29 (CH)] 0) (CX))

15.—20.| 55 8 0 3 4 4 | 8 1 8 11 0 8
(14,5) 0) .49 1.3) 1,3) | (14,6) (1,8) | (14,6) | (20,0) () (14,6)
Total | 177 42 0 19 12 24 28 5 10 22 0 15

(23,7 © | 107 | (68 | 13,60 | (158) | (28) | (56) | (124 (0) (8,5
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Considering the two growth phases of the follicles in ovaries and the data on
degeneration and atresia of follicles (Kud14g et al. 1977; Horsky and Presl 1978),
it seems that in the first growth phase the occurrence of follicles with defective
oocytes is greater than in the second growth phase. These findings are in agreement
with data of Kudlag et al. (1977) and Hahn (1984) who obtained Better results in
oestrus synchronization and superovulation, higher recovery rates of early embryos
for transfer and better impregnation results of recipients along with higher con-
ception rates in oestrus synchronized with prostaglandins in cows that had been in
the middle or late phase of the sexual cycle at the time of medication.

Vyskyt morfologicky zménénych oocytii ve folikulech na ovariich krav v prib&hu
pohlavniho cyklu

V ramci studia fyziologie reprodukéniho cyklu u skotu byly sledoviany n&které
zdkladni morfologické charakteristiky oocytd v priibéhu ovarialniho cyklu. Oocyty
byly ziskdny z vajeéniki po pordZce krav plemen &eské strakaté, Cernostrakaté
niZinné a jejich kfiZenct ve stafi 3—9 roki. Po ziskani oocyti z malych (3—5 mm),
stfednich (7—9 mm) a velkych (10— 15 mm) folikuli bylo provedeno jejich posouzeni.
Byla sledovana velikost oocytti, tloustka zona pellucida, pfitomnost kumuldrnich
bunék a procento degenerovanych oocytll v priibéhu ovaridlniho cyklu. Primé&rna
velikost oocyti ¢inila 162,8 um, tloustka zona pellucida 20,38 um. .

Nalez oocytt se zachovalym cumulus oophorus byl kolem 60 9 u vSech folikuld.
Nejvice morfologicky nezmén&nych oocytii se zachovalym cumulus oophorus jsme
nachazeli u stfednich folikult v posledni tfetiné€ cyklu (89,41 %), naopak nélez
morfologicky zménénych oocytit byl nejvy$¥i u viech velikostnich skupin folikulti
uprostied cyklu.

Tato zji¥téni by odpovidala i lep$im vysledkiim dosahovanym pfi pouZiti bio-
technickych metod u krav, které byly v dob& oSetfeni uprostfed nebo spife ve druhé
poloviné pohlavniho cyklu.

Hannuue mop@oaoruaeck M3MeHEHHHIX 00IUTOB B (hoIMKyIax
AMYHUKOB KOPOB B IPONECCE IMOJIOBOro LUKIA

B pamKkax ucciegoBaHuit (pU3MOSOTHMU. IMKIA PENPOAYKTUBHOCTM KDYIIHO-
ro poraTroro CKOTa M3Yy4aJ#Ch HEKOTOpblE OCHOBHBIE MODDOIOTMUECKME Xa-
PaKTEPUCTUKY OOILMTOB B XOJ€ OBAPMANBHOTO LUKIA., OOUUTH OBLIM ITOJIY-
YeHbl U3 ANYHMKOB IIOCNIE YOOI KOPOB TLUIEMEHM UEIICKOM MEeCTPYIIKM, YEPHO-
IIECTPOTO HU3MEHHOTO IUIEMEHM M MX IIOMecelnl B Bo3pacte 3—9 Jjert. Iloxy-
UMB OOIUTH M3 HeOOMBIINX (3—5 MM), opeiHMuX (7—9 MM) M KpymHbIX (10—
15 MM) pONAMKYIOB, IPOBOAMIN MX OLIEHKY. VI3ydyanuch pasMepsl ‘OOIMTOB,
TOJNIMHA zona pellucida, mpucyTcTBMe KyMYJISIPHBIX KIETOK M IIDOLIEHT Je-
TF€HEPUPOBAHHBIX ‘OOLIMTOB B XOAE€ OBAPMANBHOTO IMKiIa. CpeaHMUE pa3mephl
OOIMTOB AocTurammu 162,8 MKM, ToiauwHa zona pellucida — 20,38 MKM.

Hamume ooumToB ¢ COXpaHMBIIMMCHA cumulus oophoricus pmocturamso
oko0 60 % y Bcex doyuKymos. Boblie Bcero MOpGOIOrUUECKu He U3Me-

- HEHHBIX OOIIMTOB C COXPAaHMBUIMMCA cumulus oophoricus Haxogumu y cpex-
‘HMX (POJLIMKYJTIOB B moOcienHen tpeT nukiaa (89,41 %), camoe Gosblioe Ko-
JINYECTBO MOPMOIOrMUECKN M3MEHEHHBIX OOIMTOB HAXOAMIM y BCET rpynn
(hONLTUKYIOB B CEpPEAMHE LIMKIIA.
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JlaHHBIE DE3YNbTATH COOTBETCTBOBANM Obl TAKKE JYYLIMM DE3YJIBTATOM,
NOCTUraeMbIM GUOXMMMYECKMMIM METOAAMM ¥ KOPOB, HAXOAAIIMUXCA B NEPUOK
yX0fia B CEpeAMHE WM CKOpEE BO BTODOI IIOJIOBMHE IIOJIOBOTO LMKIA.
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