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' Gompalatiie evaluation of cattle demi-embryos ploduced in uitro and in vivo

Summary

The aim of this study waq to split the morulas an'd blastocysts produced in vitro, to cultivate them in vitro,
to evalrlatć their viability and to compare theń with those produced in vivo.

Ovaries were o_btained from slaugńtered cows and oocytes were aspirated according to'geńerally accepted
methods. Maturation was conducted at 38.5oC with 100% humidity for 24 hours in 500 ml of the maturation
medium under minćral oil, in the pores of p|ates. The spermatozoids were selected by the schwim-up method.
The in vivo emłlryo§ were obtained according to the generally accepted methods of transplantation. Embr1,os
were washed by the nohsurgical method with a Kassou catheter on the 6-7th days after fertilization. The
embryos were splitin a drop of Dulbecco phosphate buffer solution (PBS) accordingto the,,scrathed bottom"
technique withorrt a micromanipulator. They were split by a microknife made from a shaving blade. The
differeńtiated ern*bryos were sp|it taking into account the conditional axis of symmetry crossing the embryoblast
and tropholrlast. The cultivated halves of the embryos were stained at room temper:ature for 30 minutes with
Hoechst 33342 (2 pglml) dye and propidium iodide. The evaluation was performed by a MBI -15 microscope
in a fluorescent regime.

In vitro produced demi-embryos were weaker than those produced in vivo and had a lower level of repara-
tion. The orłtput of lvaluable demi-embryos decreased because reparation failed in 36.00ń of the in vitro ob-
tained demi-eńbry,os. During the cultivation of the in vivo produced demi-embryos degeneration was ob-
sirved in 7,59lo of cases. Splitting caused damage to 29.44oń of the blastomeres from the morulas and 23.987o
of the blastomeres,,from the blastocysts. Ham's Fl0 medium is more suitable for the reparation of early
embryos than IVM medium.
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Splitting of embryos is generally used in order to
obtain identic twins from the same female and produ-
ce possibly higher number of calves (72, 16, I7 , I9).
The quality of the calves is greatly influenced by the
stage of embryo splitted and the technique used as well
as the technique of transplantation (3, 10). During the
microsurgical operation the structure of embryo is de-
stroyed and contacts among the cells are disturbed. This
process is especially clear obserued while splitting bla-
stocysts. These embryos are able to form a normal
embryo while cultivating in vitra (11). Undamaged
blastomeres are able to phagocyte degenerated cells
and their fragments and the structure of embryo hal-
ves is regained in 30 minutes (2). It is stated that the
embryos of excellent quality, cultivated for 48 hours
in vitro make 50oń of the cells in intact embryo (13).
Embryos produced in vit1,o can be splitted as success-
fully as the ones produced in vivo.

The embryos separated during the process of split-
ting can be used for the PRG reaction. It is necessary
to stress that their quality is lower than of the embryos

produced in viyo. After surgical intervention they re-
quire special conditions of cultivation, The halves of
in vitro produced embryos are cultivated in TMC 199
medium conditioned with the epithelium cells from
the cows' oviduct., PBS with fetal serum of calves or
inactivated blood serum from rutting cows (15).

The aim of this study was to split the morulas and
blastocysts produced in vitro, to cultivate them in vi-
tro, to evaluate their viability and to compare them
with those produced in vivo.

Matetial and methods

ovaries for the fertilization were obtained from the slau-
ghtered cows. The ovaries were transported and the ooclr-
tes were aspirated according to generally accepted nrethods
(6). Ovaries were washed three times in 0.9% NaCl soiu-
tion supplemented witlr 0.1 g/1 streptomycin, l00 000 \1/il
penicillin at 3B'C telnperature. The fluid of oocytes was
kept for l0 minutes in the manipulation medium (M199
Hepes). A stereomicroscope was used for the selection of
tire oocytes. The cells selected later on were washed three



times in the manipulation medium. Only the oocytes with
homogenic, evenly spread ooplasm, an incomposite pel,-

manent involucre and multi-layeą adherent cumulus were
used in the experiments. The maturation was carried out at

38.5"C temperature ,I00oń humidity for 24 hours in 500 ml
of the maturation medium under the mineral oil, in the po-
res of plates (Nunc 1767400). The maturation was evalu-
ated according to the changes in the cumulus layer. (It must
have been tripled and unseparated during washing). The
bulls sperm frosen in special straws was used for the ferli-
1ization. The spermatozoides were selected by the schwim-
-up method. The straws were thawed for l5 seconds at 34oC
temperature water. The procedure was carried out in the
2 ml volume cryotest-fubes (Roth E 309. 1). 200 pl of sperm
lł,ere injected under the capacitation medium (i m1). The
test tubes canted in 45' angle were incubated at 3B.5o
temperature for 60 minutes. Then the upper layer of the
medium about 350 pl) was sucked and it was centrifuged
twice for l0 min. with 1000 rot/min. The centrifugate was
used for the ferlilization fu vitro. The maturated oocytes
were washedtwice with the feńilizationmediun. 1-1.5,106
of spermatozoids were added to the 500 pl of this medium
with oocytes and mineral oil was poured. The cultivation
was carried out for 14 hours at 38,5'C temperature, I00oń
humidity. After the procedure of feńilization the oocytes
were washed with the cultivation medium and cultivated at
38.5'C temperature in 500 pl of the same medium, under
the mineral oil layer. 200 pl of the medium were changed
aftęr J2 and I44 hours. The development of embryos was
evaluated according to the number of blastomeres produ-
ced, Al1 the biotechnological procedures were carried out
under the special gas niedium, consisting of 5%o O,, 5oń

CO. and 90% N,,
The in vivo embryos were obtained according to the ge-

nerally accepted rnethods of transplantation. The supero-
vulation was provoked with the help of hypophysis extract
from pigs, which served as the gonadotropic hormone un-
der the comercial title ,,Fol1itropin". The preparation was in-
jected twice daily into the muscle of the cows every twelve
hours on the 10'r' day of the sexual cycle, if the corpus
luteum was evidently observed. The 4 day donor treatment
scheme was used. The total dose of preparation was
1200 VV. During the first day 300 w were injected, during
the second 300 w, during the third 450 w and during
the fourth 150 w. The timing of or,ulation and rutting
was reached on the third day of injection using the analo-
gous of prostoglandine F,a cloprostenol - 0.25 mg (7)
The cows were inseminaied twice with the interval of 12
hours using cryopreserved sperm 56 hours after the iĄec-
tion of prostaglandine. One dose contained 20 millions of
spetmatozoids. The embryos were washed by the nonsur-
gical method with a Kassou catheter on the 6-7-tb day after
fertilization, For the washing-up of the embryos from one
donor was used 1000 ml PBS witlr Ioń foetal serum of
calves. The medium was kept in the room temperature for
l5 min., the embryos were collected by the plastic caplilla-
ry of the Cassou firm for the embryos, Only high quality
morulas and blastocysts produced in vivo and in vitl"o werę
used in the experiments. (High quality embryos are consi-
dered to be the ones, the stage of development of which

corespond to the time of cultivation, with no signs of da-
maged and degenerated blastomeres). The embryos were
splitted in the drop of Dulbecco phosphate buffer solution
(PBS) according to the technique of ,,scrathed bottom" (3,

14) without a micromanipulator. The bottom of the Petri
plate was scratched with an injective needle. The embryo
was placed at the bottom of the plate in the drop of room
temperature and fixed on the scratches. It was splitted by
the micro knife made of shaving blade. The embryo was
oversquashed into possibly equal parts. The differentiated
embryos were splitted taking into account the conditional
axis of symmetry, crossing embryoblast and trophoblast.
The manipulation was considered to be successful if both
halves of the embryos were practically equal, compact, only
few blastomeres were destroyed. After the procedure PBS
with 10% of foetal serum of calves was added to the drop
of medium in order to cause the segregation of the embryo
halves. On the whole, '74 in vitro and 36 in vivo produced
embryos were splitted. The demi-embryos were transfer-
red jnto the reparation medium and cultivated for 24 hours
under the mineral oil layer. Ham's F10 and IVM media
without horrnones were used for the reparation. The culti-
vated halves of the embryos were stained at room tempera-
ture for 30 minutes with Hoechst33342 (2 pg/ml) dye and
propidiurn iodide. The evaluation was performed by a rni-
croscope MBI 15 in fluorescent regime. The alive (shine
bluishy) and damaged during splitting (shine rosy) blasto-
meres were counted. The halves with up to l0oń of degene-
rated cells were considered to be excellent (l3).

The results of the investigations were evaluated statisti-
cally using EXCEL 2000 programme according to the cri-
teria of Stjudent-Gaset.

Results and discussion

6I (8ż.43%) in vitro and 30 (83,23%) in vivo pro-
duced embryos were splitted successfully. From the
embryos produced in vitro we succeeded to split 30
(49.I8%) morulas and 31 (50.81%) blastocysts. 122
halves with visually good structure were obtained. 100
halves of embryos (50 morulas, 50 blastocysts) were
cultivated in vitro. From the embryos produced in vivo
14 (7].]8%) demi-morulas and 16 (88.89%) demi-bla-
stocysts were produced. We obtained 60 visually va-
luable halves. 40 halves of these embryos (20 morulas
and 20 b lastocysts) were cul tivated in v i tro . Durtng 2 4
hours of cultivation the recovery was observed in 64
(64.a%) invitro pfoduced and37 (92.5%) invivopro-
duced demi-embryos, In case of in vitro produced
embryos the recovery was observęd in 3I (48.43%)
halves of morulas and in 24 (31.5%) halves of blasto-
cysts. In case of in vivo produced embryos the repara-
tion occurred in 19 (5I.3%) halves of morulas and in
I8 (48.64%) halves of blastocysts. (tab. 1).

As the results in table 1 evidently demonstrate, about
one fifth of embryos are destroyed during splitting. The
destruction was in 0.8% higher in case of in vitro pro-
duced embryos, but this difference was no statistically
reliable (p > 0.05). After 24 hours of cultivation the
number of repaired demi-embryos produced of invivo



Tab. 1. Results of microsurgery of in vitro or in vivo produced embryos

ln vivo produced embryos

Tolal ] morutas lBlurroryrr,

Splitted

Desltoyed duting
splilting (%)

c u ltivale d

Becoveted demi-
embryos (%)

74

13 (1i.57)

100

64 (64.00)

a

37

7 (18.92)

50

31 (62.00)

c

37

6 (35.58)

50

33 (66.00)

d

36

6 (16.77)

40

37 (92.50)
b

,l8

Ą (22.22)

20

19 (95.00)

18

2 (11.11)

20

18 (90.00)

256

Explanations: a:b, c:d, p < 0.05

Tab.2.Influence of the media on development of demi-embryos (%)

Tab, 3. Number of viable blastomeres obtained from the in vitro produced demi-embryos
G+SD)

Explanations: a:b, c:d. p < 0,05

embryos was in ż8.5% higher (p < 0,05). The re-
covery of the demi-embryos obtained from in vitro
produced blastocysts was in 4ońbętter, than from mo-
rulas (p < 0.05). The recovery of the demi-embryos
obtained from morulas was in 5%o better than those
produced from blastocysts (p > 0.05) (tab.2).

It is evident from the table 2 that Ham's FiO me-
dium caused the recovery ofmore demi-embryos. From
in vitro obtained halves of morulas in Ham's F 10 me-
dium recovery was observed in23.60ń more cases than
in IVM medium (p < 0.05), and in case of the halves
of blastocysts - in 33.3% more (p < 0.05). From in
vivo obtained halves of morulas in Ham's F 10 recove-
red in 24.03% more than from obtalned in vitro
(p < 0.05). The recovęry of the in vitro obtained bla-
stocysts in this medium was in 5.35% lower than of
those obtained in vivo (p > 0.05). The level of repara-
tion of the blastocysts produced in vivo was in 5.0oń
(p > 0.05) lower if to compare to the morulas. (tab. 3).

As it is demonstrated in the table 3, splitting of mo-
rulas cause destruction of ż9.44oń blastomeres and
splitting of blastocysts - 23.980ń blastomeres. Culti-
vation of demi-embryos increase the number of viable
cells. Demi-embryos obtained from morulas aftęr 24
hours of cultivation had in30.62oń tnore blastomeres
if to compare to the splitted ones. Blastocysts had in

Slale embryos

Halves obtained lrom
in vitro produced embryos

Ham's F,l0 medium lVM medium

Halves obtained trom

in vivo płoduced embryos

Ham's F10 medium

Morulas

B lastocysts

70,97

84.65

47.37

51.35

95.0

90.0
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25.14% more (p > 0,05) blasto-
meres after the reparation. As
in Ham's F10, so in IVM me-
dia the number of alive blasto-
meres from cultivated morulas
was as many as 14 times, the
number of alive halves of bla-
stocysts increased on average in
1.33 times. The number of bla-
stomeres from morulas after the
reparation in Ham's F10 me-
dium was in 9.54Yo higher than
in case of the reparation in IVM
medium (p < 0.05). The num-
ber of blastomeres from the bla-
stocysts after the reparation in
F 10 medium was in 5.39oń
higher than in IVM medium
(p < 0.05).

Quite effective splitting of
the early embryos can be re-
ached using a microknife with-
out the help of a micromanipu-
lator, In vitro produced demi-
embryos are weaker than those
produced in vivo (18). The di-
sturbed development of the em-
bryos is described as the large
offspring syndrome, in spite of
the fact that the reasons of this
phenomenon are not known
exactly (8, 9) This fact can

explain the lower ouĘut of the demi-embryos produ-
ced in vitro and lower level of the reparation, The out-
put of valuable demi-embryos decreased because the
reparation failed tn36,)Yo ofthe invitro obtained demi-
embryos. During the cultivation of the in vivo produ-
ced demi-embryos the degeneration was observed in
7.5oń of cases. The cultivation in the|same condition
(Ham's F 10) lead to the conclusion that the reparation
of the in vitro produced demi-embryos from morulas
was in ż4oń lower than of the in vivo prodllced. This
difference between the in vivo and in vitro produced
blastocysts was 5.35%). The microknife manipulation
cause the damage of about z5-3}%blastocysts and2OYo
ofmorulas. (4). The data of our experiments evidently
demonstrated that splitting caused the damage of
29.44% blastomeres from the morulas and 23.98%
blastomeres from the blastocysts, The demi-embryo
from the morula consisted of 20.17 + 0.87 , and from
the blastocyst - 32.0 + 0.75 blastomeres. The relative
number of the alive blastomeres was in 5.46% higher
in the demi-embryos from the blastocysts. These data
confirm the data of Y. Agca and others (1995) and
G. Carbonneau and others (1997) according to which
the 7 day blastocysts demonstrate higher resistance to
the microsurgical intervention than 5 day morulas. In
experiment during cultivation of the demi-embryos the

Medium
Demi-embryos obtained lrom morulas

Aller splilling I Afier reparation

Demi-embryos obtained from blastocysls

Afler splitling | łrrrr leparation

Ham's F10

lVM

Comparing lo all
blastomeres (%)

13,30 t 0.52

13.20 t 0.45

70,56 t 4.28

19.17 t 0.61 a

17.50 t 0.75 b

92,95 t 0.55

32.00 t 0.75

31.20 ł 1.32

76.02 ł 4.57

42.75 ł 2.'l8 c

40.56 t 1.32 d

91 .51 t 0.55



number of the blastomeres increased if to compare to
the splitted embryos, It demonstrates that embryos re-
gain their structure. The ouĘut of the embryos depend
not only on the stage of the demi-embryos develop-
ment but on the conditions of the reparation as well.
The embryos in Ham's F10 medium consisted of in
7.46% more blastomeres than in IVM medium. It de-
monstrates once more that Ham's F10 medium is more
suitable for the reparation of early embryos.
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