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Effects of Centrifugation and Lipid Removal on the Cryopreservation
of in Vitro Produced Bovine Embryos at the Eight-Cell Stage
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The effects of intracellular lipid polarization and lipid removal treatments on the postthawedro
development of frozen bovine embryos at the 8-cell stage were studied. As the first step, bovine presumptive
zygotes were centrifuged at 16,@@r 20 min for the cytoplasmic lipid polarization and their lipid layers were
removed by micromanipulation in order to examine the influence of these treatments on the developmenta
capacity of bovine zygotes. As the second step, bovine embryos developed to the 8-cell stage following
centrifugation treatment at various forces (8000, 12,000, and 16),@dQipid removal treatment at the 1-cell
stage were frozen in 1.8 M ethylene glycel0.05 M trehalose supplemented with 5% polyvinylpyrrolidone in
a one-step procedure. There were no significant differences among the control (nontreatment), lipid-polarizec
and lipid-removed groups with respect to the developmental capacity of fresh nonfrozen zygotes (experiment 1)
The rates of survival and development to the blastocyst of frozen-thawed 8-cell embryos increased slightly with
increasing force of centrifugation (experiment 2). The rate of development into blastocysts of the frozen-thawec
8-cell embryos was significantly higher in the groups that underwent centrifugation (at 4660@D min; P <
0.05) or lipid removal P < 0.01) treatments than the control (intact) group. However, there were no significant
differences among the groups with respect to the rate of development to the expanded/hatched blastocyst stag
In addition, the mean cell numbers of embryos developed into blastocysts (day 8) derived from frozen-thawec
8-cell embryos tended to be low in the centrifugation and lipid removal groups compared to the controls
(experiment 3). These results suggest that although the centrifugation with or without lipid removal treatments
has no detrimental effects on the developmental capacity of bovine zygotes, the freezing tolerance of bovine
8-cell embryos was not improved by these treatments1998 Academic Press
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The effective cryopreservation dh vitro such as immature and mature oocytes, whic
produced (IVP) bovine embryos at the earhhave shown relatively low survival rates afte
cleavage stage would not only provide a greatéreezing and thawing (11, 12, 14). However, i
availability of materials for basic research anthas been suggested that IVP bovine embry
an improved manageability of their vitro cul- have a higher sensitivity to low temperatur
ture and subsequent embryo transfer, but wouttbmpared within vivo derived embryos (7).
also broaden the range of practical applicatiorBovine embryos have been shown to contain
of genetic engineering, such as the preservatigirge number of lipid droplets at the early cleav
of donor blastomeres for the purpose of cloningige stages, and the decline of lipid droplets :
by nuclei transfer (16). It would also allow thethe blastocyst stage is coincident with a loss i
preservation of embryos for production of Chisensitivity to cooling (8, 15). Leibet al. (7)
meric calves by aggregation of the 8-cell staggyggested that intracellular lipids were at lea:
embryos (1). Moreover, in regard to the curpartially responsible for the increased chilling
rently available cryopreservation methodsyng freezing sensitivity exhibited by IVP bo-
freezing of the embryos might be much simpley;ne embryos at the compact morula stage.
in the cleavage stage rather than in earlier stages;; has also been demonstrated that the tole

ance of porcine embryos at the early cleavac
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1998. creased after decreasing their relatively hig
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content and/or high composition of cytoplasmiavith 5% superovulated cow serum (SCS), 0.0
lipid droplets by aspirating the lipids with amg/ml follicle-stimulating hormone (Denka
micropipette; the embryos continued to developharmaceutical Co., Kawasaki, Japan), 20 ml
to blastocystdn vitro and to live offspringin  taurine (Wako Pure Chemical Industries Ltd.
vivo (10). However, this procedure harborgsaka, Japan), and 58/ml gentamicin (Sig-
some operational problems for routine applicama Chemicals, St. Louis, MO)] at 38.5°C unde
tion, such as its complexity, laboriousness, an% CGO, in air.
requirement of micromanipulation skills. Otoi Frozen semen was thawed in a water ba
et al. (12) recently suggested that polarizatiorf37°C) and washed with 5 mM caffeine (Sigma
of cytoplasmic lipid droplets by centrifugationin Brackett and Oliphant (BO) medium (3) by
may improve the freezing tolerance of the spineentrifugation at 509 for 5 min. The resultant
dles or organelles in mature bovine oocytes. Weperm pellet was resuspended in BO mediu
therefore suspected that, by centrifuging the bsupplemented with 2.5 mM caffeine, 3 mg/m
vine zygotes at higher speed and for longdsovine serum albumin (BSA, fraction V; Sig-
times compared with other conventional levelsna), 20 mM taurine, and 20 mg/ml heparir
(4,9, 10, 16), the redistribution throughout th€Shimizu Pharmaceutical Co., Ltd., Shimizu
cytoplasm of the polarized lipid layer might beJapan) to a final concentration 0b6&10%ml. A
delayed and consequently the freezing tolerand®0-ul aliquot of the sperm suspension wa:
of bovine embryos at the early cleavage stagsvered with mineral oil (Sigma). COCs tha
could be enhanced by this treatment. had been cultured for maturationm vitro were
To test this hypothesis, the intracellular lipiddransferred into sperm microdrops (10-15 oc
of bovine zygotes were polarized by centrifugaeytes per microdrop) for insemination. After
tion at various speeds, and the sensitivity of thmcubation for 5 h, the COCs were transferre
embryos at the 8-cell stage to freezing was theand washed several times in culture mediul
assessed. In addition, the effect of a lipid refTCM-199 supplemented with 5% SCS, E
moval treatment on the cryopreservation of bopg/ml insulin (Wako), 20 mM taurine, and 50
vine 8-cell embryos was investigated. pg/ml gentamicin] and then cultured for an
additional 13 h.

MATERIALS AND METHODS .
Lipid Removal from Zygotes

Zygote Preparation After IVF and culture, the zygotes were in-

The methods used for the vitro maturation, cubated with 300 IU/ml hyaluronidase (Sigma
in vitro fertilization (IVF), and subsequent cul-in culture medium for 20 min, and their adher-
ture in the experiments were modifications oént cumulus cells were then removed by pipe
the procedure described by Boediostoal. (2). ting. After being rinsed in fresh medium, the

Ovaries were collected from cows at a locatlenuded zygotes were then transferred in
abattoir and were brought to the laboratory ii.5-ml test tubes (Sarstedt, Germany) contail
physiological saline [0.9% (w/v) NaCl] at 25 toing 500 ul of the culture medium with 7.5
30°C within 3 h. The cumulus—oocyte com-ug/ml cytochalasin D (Sigma). After being cul-
plexes (COCs) in follicular fluid (5 to 10 pertured for 10 min, the tubes were centrifuged &
ovary) were aspirated from follicles (2—7 mm in16,00@ for 20 min at 38.5°C by a high-speed
diameter) with a 5-ml syringe fitted with anrefrigerated centrifuge (MR-150; Tomy Seiko
18-gauge needle. After being washed twice witffokyo, Japan) in order to polarize the intracel
modified phosphate-buffered saline (Embryotular lipid droplets. In some zygotes, an esti
teck, Nihonzenyaku, Fukushima, Japan), themated 90% of the resultant lipid layer was the
COCs were cultured for 21 to 23 h in maturatioraspirated using a beveled suction pipette (Z
medium [25 mM Hepes TCM-199 with Eagle’spum in diameter) attached to a micromanipulatc
salts (Gibco, Grand Island, NY) supplementedLeitz, Germany) in Dulbecco’s PBS without
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Ca&* or Mg®" [DPBS(-); Gibco] supple- treatment on the developmental capacity of bc
mented with 5% SCS, p.g/ml insulin, 20 MM vine zygotes was examined. The zygotes we
taurine, and 5Qug/ml gentamicin. centrifuged at 16,0apfor 20 min, and then the
lipid layer within the cytoplasm was removed
from some of the centrifuged zygotes as de
The solution applied as a carrier for the cryoscribed above. These treated zygotes were st
protectant was DPBS (Gibco) supplementegequently cultured with cumulus cells in the
with 3 mg/ml BSA. After 2 days of IVF (onset culture medium. The frequencies of cleavag
of IVF, day 0), embryos at the 8-cell stage werand development to blastocysts of the zygotes
selected and then immersed directly into 1.8 Mhese treated and control (intact) groups wel
ethylene glycol (EG; Wako) containing 0.05 Mevaluated on days 2 and 7 to 9, respectively.
trehalose (T; Wako) and 5% polyvinylpyrroli-
done (PVP; Denka) by a one-step method for Experiment 2
min at room temperature (25°C). Following this
exposure, approxima_tely 0.1 ml of the ef“bryo' n the developmental potential of frozen:
cryoprotectant solution was loaded into Fhawed embryos which developed to the 8-ce
0.25-ml plastic straw (FHK, Tokyo, Japan). The

stage following centrifugation treatment at the
straws (10 to 30 embryos per straw) were place :
. ! one-cell stage was examined. Zygotes were ce
horizontally in the ethanol bath of a program

mable freezer (ET-1; FHK) kept at 0°C andmfuged at 8000, 12,000, or 16,09@r 20 min

cooled to—7°C at a rate of 1°C/min. They weref[’jlhned s&l?qu;e;;:ﬁ ;UI%E? mg& bcztrigl#utshzeg;'_
seeded at-7°C, held for 10 min, cooled at a : ;

rate of 0.3°C/min to-30°C, and then plunged bryos that developed to the 8-cell stage we

into liquid nitrogen (LNy). After being main- selected on day 2 and then frozen with 1.8 N
. . 0

tained at—196°C for 1 to 2 weeks, the cryo- EG containing 0.6 M T and 5% PVP by the

preserved straws were placed in air s and one-step method. The frozen embryos in ea

then plunged into a 37°C water bath for 10 St.reatment were thawed_and then cultured wit
umulus cells. The survival and development t

The contents were subsequently transferred di-
rectly to 2.5 ml of the culture medium and lastocysts of the frozen-thawed 8-cell embryc

washed three times to dilute the cryoprotectan'tr.1 these treated and control (intact) groups wel
evaluated on days 3 and 7 to 9, respectively.

Freezing and Thawing

The influence of the force of centrifugation

Survival Evaluation

Frozen-thawed embryos were evaluated mofXPeriment 3
phologically following incubation of the embryos The effect of lipid removal on the freezing
on cumulus layer in the culture medium for 24 Holerance of bovine 8-cell embryos was exarr
(on day 3). The number of embryos that haihed. Since we found that the centrifugatior
normal-shaped blastomeres and the number thegatment at 16,0@was more effective for the
had cleaved to more advanced stages were @evelopmental capacity of frozen-thawed e
corded as the criteria of survival. The embryobryos in the second experiment, zygotes we
that had irregularly shaped and shrunken blasentrifuged at 1609 for 20 min. In some of
tomeres with dark yellow cytoplasm were considthe centrifuged zygotes, lipids from the cyto.
ered to be degenerated. These embryos were cplasm were removed as described above. T
tured for an additional 6 days (until day 9) toembryos that developed to the 8-cell stage fo
examine their ability to develop into blastocysts.lowing each treatment were selected on day
. and then frozen with 1.8 M EG containing 0.0¢
Experiment 1 M T and 5% PVP by the one-step method. Th
As the first step, the influence of centrifugasurvival and development to blastocysts of th
tion treatment and subsequent lipid removdtozen-thawed 8-cell embryos in these treate
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TABLE 1
Developmental Capacity of Bovine Zygotes after Various Treatments

No. of zygotes developed to (%)

No. of zygotes No. of zygotes
Treatments examined cleaved (%) Blastocyst E./H. blastocy’t
ControP 138 105 (76.1) 58 (42.8) 53 (38.4)
Centrifugation 146 112 (76.7) 51 (34.9) 44 (30.1)
Lipid removal 122 103 (84.4) 50 (41.0) 39 (32.0)

Note. Three experiments were performed in each group.
2 E./H. blastocyst, expanded/hatched blastocyst.
b Control, zygotes that were simply cultured and are not treated in any way.

and control (intact) groups were evaluated oBtatistical Analysis

days 3 and 7 to 9, respectively. The treatment effects were compared ¥
In experiments 2 and 3 vitro developmen- ona\vsis and the Fisher exact probability tes

tal capacity into blastocysts of the fresh intach,qcan’s multiple range test was used to con

8-cell embryos was also evaluated concurrentl)bare the mean cell numbers of the blastocys

Count of Cell Numbers Differences at a probability valu€) of 0.05 or

) ) less were considered significant.
As a supplement to the third experiment, 10

to 20 frozen-thawed embryos which developed RESULTS
into blastocysts on day 8 were collected rang
domly from each treatment group, treated with
0.25% pronase (S|gma) in culture medium for As shown in Table 1, there was no significan
1-2 min to dissolve the zona pellucida, rinsed iflifference among the treatment groups with re
fresh medium, and then incubated in DPBSPect to the rates of cleavage and developme
containing bisbenzimide (Hoechst 33342, 1¢o both the blastocyst and the expanded/hatch
rg/ml; Sigma). After 20 min of incubation, the blastocyst stages of the zygotes.

embryos were pressed onto a glass slide and |

their cell nuclei were then counted under &XPeriment 2

fluorescent microscope (Optiphot, Nikon, To- As shown in Table 2, there were no signifi-
kyo, Japan). cant differences among the treatment grouj

xperiment 1

TABLE 2
Developmental Capacity of Frozen-Thawed Bovine Embryos Following Centrifugation at Different Forces

No. of embryos developed to (%)

No. of embryos No. of embryos
Centrifugation ¢) examined survived (%) Blastocyst E./H. blastocy’st
ControP 78 53 (67.9) 19 (24.4) 13 (16.7)
8,000 84 63 (75.0) 20 (23.8) 13 (15.5)
12,000 70 54 (77.1) 21 (30.0) 11 (15.7)
16,000 78 61 (78.1) 24 (30.8) 11 (14.1)

Note. Three experiments were performed in each group.
2 E./H. blastocyst, expanded/hatched blastocyst.
b Control, 8-cell embryos that are just cryopreserved (no centrifugation treatment).
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TABLE 3
Developmental Capacity of Frozen-Thawed Bovine Embryos Following Various Treatments

No. of embryos developed to (%) Mean cell numbel
No. of embryos No. of embryos of blastocysts
Treatment examined survived (%) Blastocyst E./H. blastocyst (xSD)
ControP 66 42 (63.6) 16 (24.2) 10 (15.2) 87.4- 18.68"
Centrifugation 82 60 (73.2) 34 (41%) 12 (14.6) 60.5+ 30.0°
Lipid removal 67 53 (79.1) 32 (47.8) 12 (17.9) 66.3- 23.2*8

Note.Values with different superscripts within a column are significantly different [€ € (0.05); c, e P < 0.01); A,
B (P < 0.05)]. Five experiments were performed in each group.

2 E./H. blastocyst, expanded/hatched blastocyst.

b Control, 8-cell embryos cryopreserved without any other treatment (neither centrifugation nor lipid removal).

with respect to the rates of survival and develsurvival of both porcine (10) and IVP bovine
opment to both the blastocyst and the expandeeibryos (16) at the early cleavage stage ai
hatched blastocyst stages of the frozen-thawewen that of IVP bovine blastocysts (4) at sig
8-cell embryos. However, in the centrifugatiomificant levels. However, polarization alone o
groups, the rates of survival and development e partial removal of the lipids from porcine
the blastocyst tended to increase with increasingmbryos have proven to be inferior to full lipid
force of centrifugation, but the rates were nofemoval in terms of the chilling tolerance (9). It
significantly different among the groups. was also demonstrated that centrifugation trez
ment prior to cryopreservation did not improve
the frequency of development to blastocysts «

As shown in Table 3, there was no significangoth frozen-thawed bovine oocytes (12) an
difference among the treatment groups with re&smbryos at the early cleavage stage (16). It h:
spect to the survival rate of the frozen-thawegloqp, suggested, in porcine embryos, that t

8-cell embryos. However, the rates of developsjgh concentration and variable distribution o
ment to the blastocyst stage of the centrifuggyi s celiular lipids in the blastomeres may in.

tion (P < 0'05). apq lipid removalF( < 0.01) uce heterogeneous intracellular ice nucleatic
groups were significantly higher than those o r lipid-phase changes that contribute to th

the control group. Nevertheless, there were nl%gh sensitivity of the embryos to cryopreserva

significant differences among the groups Wlttgion (5). Further, preimplantation mouse em

respect to the rate of development to the ex- . L
panded/hatched blastocyst stage. The mean ::%rlxr/os, which have few lipid droplets, can be

number of frozen-thawed embryos which develg,uccessfully frozen at al stages of de_velopme|
oped into blastocysts on day 8 was significantl%s’ 17.)' Thgrefore, although mmally high-speec
lower (P < 0.05) in the centrifugation group entrifugation for a long period at the zygote

and also tended to be lower in the lipid remova?_t"’_‘g_e W"’}S attergptgd to re(;uce the frr:aezmg TIE
group, compared to the control. sitivity of IVP bovine embryos at the 8-ce

In experiments 2 and 3, 62 of 97 fresh intactt2ge; the. lipid removal. bY micromanipulatior
8-cell embryos (63.9%) developed to the exwvas considered to be indispensable to obta

Experiment 3

panded/hatched blastocyst stage. sufficient freezing tolerance of these embryos
In the present study, although an obviou
DISCUSSION difference was not observed among the embry

Several investigators have recently demorsentrifuged at various speeds in regard to tf
strated that the removal of the intracellular lipiddistribution of the polarized lipids to the blas-
droplets prior to cryopreservation improves théomeres (data not shown), there was a littl
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evidence to suggest that the polarization of lipal. (13), using biopsied bovine blastocysts, suc
ids in the cytoplasm of zygotes by higher cengested that PVP might play a beneficial role b
trifugal force may improve the freezing toler-forming a protective coating around the mem
ance of bovine 8-cell embryos developed aftdsrane of the cells during freezing and thawing
the centrifugation treatment of the zygotes (Taln the present study, since small incisions wel
ble 2). The developmental capacity into blastomade at the zona pellucida of the embryos du
cysts of the frozen-thawed 8-cell embryos wamg the lipid aspiration, a cryoinjury of the em-
improved by the treatments of centrifugation (abryos with the lipid removal treatment (as in the
16,00@ for 20 min) or subsequent lipid re-zona-free embryos during freezing and thaw
moval at the 1-cell stage. However, with respedhg) is expected. Moreover, Suzukt al. (14)
to the developmental potential to the expandediemonstrated that 1.8 M EG plus 0.05 M 1
hatched blastocyst stage, no difference wasipplemented with 5% PVP had the most bel
found among these treated and intact 8-cell eneficial effect for the slow freezing and thawing
bryos after freezing and thawing (Table 3). lof bovine germinal vesicle oocytes. Therefore
was observed in this study that the frequenciehis solution was employed for the cryopresel
of frozen-thawed embryos forming blastocelesation of bovine 8-cell embryos using a direc
and containing some degenerated blastomeregposure and rehydration process as previous
were relatively higher in the centrifugation anddescribed. As a result, even in the control intac
lipid removal groups (data not shown). Such 8-cell embryos, a relatively high developmen
type of embryo was also regarded as being #ite to expanded/hatched blastocyst stage w
the blastocyst stage. It was also found that thebserved after freezing-thawing [16.0% (23/144
mean cell number of frozen-thawed embryoFables 2 and 3], but this rate was still signifi
that developed into blastocysts (day 8) tended tantly lower P < 0.01) than that of the fresh
be low in both the centrifugation and the lipid-intact 8-cell embryos [63.9% (62/97)].
removed groups compared to the control (Table In conclusion, the present results indicate th:
3). Hence, it appeared that these post-thawegntrifugation with or without lipid removal of
embryos were unlikely to expand or to hatctzygotes has little or no effects on the ability o
because of their low cell numbers. The twahe bovine 8-cell embryos to develdp vitro
limitations cited above seem to reflect certaifollowing cryopreservation, but the quality of
restrictions of the developmental capacity ofhe embryos is lower. In the future, the optimun
both treatment groups despite their high devefreezing and thawing procedure including cryo
opment rates into blastocysts compared to thsrotectants must be developed for the efficier
controls after freezing-thawing. Since both theryopreservation of bovine early stage embryo
lipid-polarized and the lipid-removed zygotes
maintained their normah vitro developmental REFERENCES
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