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Chimeric Blastocysts by Aggregation between Parthenogenetic
and Fertilized Bovine Embryos

Masao MURAKAMI and Tatsuyuki SUZUKI

United Graduate School of Veterinary Sciences,
Yamaguchi University, Yamaguchi 753-8515, Japan

Arief BOEDIONO

Faculty of Veterinary Medicine,
Bogor Agriculture University,
Bogor 16151, Indonesia

Abstract: Chimeric blastocysts were produced by aggregation of parthenogenetic and fertilized bovine
embryos. To induce parthenogenetic activation, mature oocytes were treated with 7% ethanol and 5 mg/
ml cytochalasin D and then cultured at 38.5°C under 5% CO: in air. Normal fertilized embryos were ob-
tained by in vitro maturation, fertilization and culture. Aggregated embryos were prepared by four meth-
ods as follows: [1] injection of 2 blastyomeres of a parthenogenetic embryo (16-cell stage) into a fertilized
embryo (4-cell stage), [2] injection of a parthenogenetic demi-embryo (8-cell stage) into a fertilized demi-
embryo (8-cell stage), [3] injection of a fertilized demi-embryo (8-cell stage) into a parthenogenetic demi-
embryo (8-cell stage) and [4] aggregation of whole parthenogenetic and fertilized embryos (8-cell stage).
The developmental rate in vitro of aggregated embryos produced by aggregation of the whole blastomeres
(method [4]) tended to be higher than those by other methods (method [1] to [3]). Karyotyping thirteen
aggregated embryos revealed 8 of them to be chimeric chromosome composition of XX and XY. These
results verified that the parthenogenetic cells can be contributed to the development of the aggregated

embryo.

Key words: parthenogenetic embryo, fertilized embryo, aggregated embryo, chimeric blastocyst

(Jpn J Fertil Steril 43:151-154 1998)

Introduction

Parthenogenetic development of embryos to give
live offspring occurs naturally in many non-mamma-
lian species?, and the phenomenon can also be in-
duced experimentally in non-mammalian vertebrates
and invertebrates?. Although the parthenogenetically
activated diploid mammalian embryos develop nor-
mally through preimplantaion, they rarely reach to the
forelimb-bud stage® in mouse.

There are distinct differences between the paternal
and maternal contribution to the embryonic develop-
ment. The paternal genome appears to be more im-
portant for the proliferation of the extra embryonic

tissues and the maternal genome plays a key role in
preimplantation and early postimplantation develop-
ment ¥,

Vital functional differences between the parental ge-
nomes of mammals have been demonstrated by em-
bryonic lethality of parthenogenetic, gynogenetic and
androgenetic uniparental genotypes®. Cells derived
from uniparental embryos were rescued by integra-
tion with normally fertilized embryos, which results
in a chimeric organism®?®, These phenomena may re-
lieve the problem of mammalian parthenogenesis.

In the bovine oocytes, there are several effective
ways to induce diploid parthenogenesis, such as ex-
posure to ionophore A23187% or ethanol, electric
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stimulation, and combination of both ethanol exposure
and electric stimulation'?. It has been reported that,
following transfer of bovine parthenogenetic embryos
to recipients, estrous did not occur until day 48 after
transfer of the single embryos!?, whereas estrous was
delayed upto day 67 after transfer of the aggregated
embryos'?. However, in these studies, their pregnan-
cies could not be maintained over these periods, which
was thought to be caused by the early embryonic
death.

In the present study, we examined the in vitro de-
velopmental capacity of aggregates between parthe-
nogenetic and fertilized bovine embryos produced by
various methods. In addition, the contribution of the
parthenogenetic cells to the aggregated embryos
which developed to the blastocyst stage (chimerism
of the embryos) was investigated by karyotyping them.

Materials and Methods

The method for producing diploid parthenogenetic
embryos was applied according to the procedure de-
scribed previously'?. Briefly, oocytes were aspirated
from the ovaries collected at slaughterhouse and ma-
tured for 32 h at 38.5°C under 5% CO: in air. These
matured oocytes were suspended in culture medium
containing 7% ethanol for 10 min to induce partheno-
genetic activation, followed by treatment with 5 mg/
ml cytocalasin D (5 h) to suppress the polar body ex-
trusion, which resulted in production of diploid
parthenogenotes. The oocytes were washed and then
cultured in vitro on cumulus layers for further devel-
opment.

The fertilized embryos were obtained by in vitro
maturation, fertilization and culture'®. The follicular

Production of bovine chimeric blastocysts

Jpn. J. Fertil. Steril. Vol.43 No.3

oocytes were matured for 22-24 h at 38.5°C under 5%
COz2 in air, fertilized with sperm capacitated in vitro
and then cultured in vitro.

Aggregation chimeras were produced by following
methods: [1] injection of 2 blastomeres derived from
a parthenogenetic 16-cell embryo into a fertilized 4-
cell embryo, [2] injection of a parthenogenetic demi-
embryo (8-cell stage) into a fertilized demi-embryo (8-
cell stage), [3] injection of a fertilized demi-embryo
(8-cell stage) into a parthenogenetic demi-embryo (8
cell stage), and [4] aggregation of whole parthenoge-
netic and fertilized 8-cell embryos following removal
of their zona pellucida'¥. The reconstructed embryos
were then co-cultured on cumulus mono-layers and
rechecked after 6 h to ensure that they had not drifted
apart. Morphological examination was carried out at
every 12 h; both the unaggregated embryos and ag-
gregated embryos with extruded blastomeres were re-
moved from the culture dish. The aggregated embryos
were cultured until day 9 (day 0 = onset of IVF or
activation) to examine their developmental ability to
the blastocyst .

The developmental capacity among four methods
were compared by Chi-square analysis and Fisher ex-
act probability test. Differences at a probability value
(P) of 0.05 or less were considered significant.

Results and Discussion

As shown in Table 1, the overall rates of develoment
to the morula and blastocyst stages of the aggregated
embryos were 56% and 45%, respectively. The devel-
opmental rate of the embryos aggregated their whole
blastomeres (method [4]) tended to be higher than
those of the embryos aggregated by injection meth-

Table 1. Developmental capacity of aggregates between parthenogenetic and fertilized bovine embryos

Aggregation No. of embryos No. (%) of embryos developed to
method examined Morula Blastocyst
[1] 30 14 (47)2 9 (30)2
(2] 36 21 (58) b 16 (44) €
3] 37 17 (47)2 14 (38)a. b
(4] 37 27 (73)P 24 (65)¢
Total 140 79 (56) 63 (45)

Values with different superscripts within a column are significantly different [a-b, b-c (p<0.05); a-c (p<0.01)]
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ods (methods [1] to [3]). The differences in the in-
volved cell numbers among the aggregates might be
responsible for this reason.

In order to prove the contribution of the partheno-
genetic cells in blastocyst formation following aggre-
gation, 13 blastocysts produced by methods [2], [3],
and [4] were karyotyped'. Eight out of the 13 em-
bryos had both XX and XY chromosome plates within
the same sample, and XX chromosome plates were
detected in the remaining 5 embryos. These results
demonstrate that the parthenog enetic cells (contain-
ing only XX chromosome plates) could also contrib-
ute to the development of the aggregated embryos to
the blastocyst stage, although the distribution rate
could not be analyzed by this method.

In the mouse study, the postimplantation develop-
ment of the parthenogenetic conceptus was restricted
by the infrequent development beyond implantation
and complete lack of the development beyond placen-
tation 1. The life and development of the parthenoge-
netically activated cells can be extended when chime-
ras were made between parthenogenetic and normally
fertilized embryos® - 1®. However, the contribution of
the parthenogenetic cells to chimeras was low, and
the total cell population was no more than 20%'®. The
survival and integration of the parthenogenetic cells
in such chimeras might be largely influenced by the
environmental conditions determined by the cells
from the fertilized embryos. Although the exact na-
ture of this environmental influence remains unclear,
there is an evidence for metabolic cooperation be-
tween genetically diverse cell types through perme-
able junctions that enable metabolically deficient cells
to function normally?®. Similar cellular interactions be-
tween parthenogenetic and fertilized cells may also
ensure cooperation of parthenogenetic cells in nor-
mal development.

The present results indicate that chimeric blasto-
cysts can be produced by aggregation between par-
thenogenetic and fertilized bovine embryos. In an at-
tempt to increase the participation of the parthenoge-
netic cells within the aggregated embryos, 2 blas-
tomeres obtained from an advanced stage (16-cell) par-
thenogenetic embryo were injected into the fertilized
4-cell embryo. The concept of this trial is that the more
advanced stage blastomeres (from the parthenoge-
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netic embryos) would contribute to the inner cell mass
(ICM), and the less advanced blastomeres (from the
fertilized embryos) would develop to the trophecto-
dermZI, 22).

The next phase of this study is to examine the abil-
ity of these aggregated blastocysts to develop into a
chimeric organism by transfer of the embryos to the
recipients.
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New Test for Tubal Patency Using a Microhysterofiberscope
Taeko Iwaki, Yoshinori Kosugi, Keiichi Isaka and Masaomi Takayama

Department of Obstetrics and Gynecology
Tokyo Medical College, Tokyo 160-0023, Japan

Objective and method: We compared a new test for tubal patency using a microhysterofiberscope (MHFS) to
the conventional HSG method. Using the MHFS, 1) intrauterine observation, 2) selective intra-tubal catheter-
ization, 3) oily contrast medium injection, 4) plain frontal pelvis roentgenography, and 5) HSG were sequentially
conducted in 27 patients. Results: Image quality sufficient to screen intrauterine lesions could be obtained with
the new method. Catheterization and oily contrast medium injection were undertaken into 520f 54 uterine tubes
of the 27 patients. Intra-uterine reflux of contrast medium was clearly shown under MHFS. Although reflux
was not seen in patients with hydrosalpinx, subsequent plain roentgenography made correct diagnosis possible
because of pooling image. Two-layer images formed by oily contrast medium and hysterofiberscope perfusate
were observed on X-rays in patients with patent uterine tubes. The diagnosis based on 1) through 4) above
agreed with that made by HSG in 90.3 % of cases (47/52). Conclusion : This method, in which intra-tubal
catheterization can be easily achieved using a MHFS and which provides a lot of information with only one
additional X-ray picture, is a useful test for tubal patency.

Key words: microhysterofiberscope, selective intra-tubal catheterization, two layer image, pooling image
(Jpn J Fertil Steril 43:155-164 1998)
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The Relationship of the Number of Follicles Present in an Ovary and
Developmental Competence of Bovine IVF Embryos Derived from
Individual Cows
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Mokhamad FAHRUDIN and Tatsuyuki SUZUKI

United Graduate School of Veterinary Sciences,

Yamaguchi University, Yamaguchi 753-8515, Japan.

Abstract: This study was conducted to examine whether the developmental competence of bovine oo-

cytes is affected by individual cows and the number of follicles in each ovary. There were great variations

in the number of oocytes collected from individual cows. In addition, the proportions of embryos devel-

oped to the 2-, 4-, 8-cells and blastocyst stage greatly varied according to different cows. Developmental

competence of oocytes derived from lower number of follicles in group I and II (8 to 20 follicles per ovary)

did not differ with that of higher number of follicles in group IV and V (31 to 50 follicles per ovary).

Nontheless,the number of blastocysts per ovary observed in group I and II were significantly (P<0.01)

lower compared to group IV and V (1.5 and 3.0 vs 9.1and 8.5, respectively) . These results show that the

production of bovine embryos by in vitro fertilization is affected by individual cows and that the number

of follicles present in an ovary correlates with the production of the number of blastocysts per ovary.

Key words: individual cow, follicular number, IVF embryo development

(Jpn J Fertil Steril 43:165-169 1998)

Introduction

The rate of development of pre-implantation em-
bryos is a complex process and undoubtedly under
the influence of a number of genes, as well as the
environment?. Success of in vitro maturation (IVM)
and production of bovine embryos as related to as-
pects of follicle source and oocyte size has been
reported?. The cytoplasm and chromatin of oocyte
has been found to differ based on the stage of the
estrous cycles?. However, no difference was found
in maturation or in fertilization competence®. Similar
findings also were reported, that in vitro maturation
and development competence were independent to es-
trous cycle*®, The effect of follicular diameter on de-
velopmental competence have been reported 2619 devel-
opment to the morula and blastocyst stages was found
to increase with increasing follicular diameter?. Collec-
tion of oocytes from individual cows for the produc-
tion of blastocysts in vitro has been reported!''¥. How-

ever, information about in vitro embryo developmen-
tal capacity from individual ovaries, still requires more
research. Therefore, the present study was conducted
to examine the developmental competence of bovine
IVF embryos from individual cows and the number
of follicles present in each ovary which may play an
important role on pre-implantation embryo develop-
ment.

Materials and Methods

Experimental design

Ovaries from Holstein cows were collected from
the slaughterhouse and separated into two experi-
ments using completely different designs.

Experiment 1: The effect of individual cows

To determine the effect of individual cows on the
production of IVF embryos, cumulus oocytes com-
plexes from Individual cow's ovaries were matured,
fertilized in vitro and cultured separately until blasto-
cyst stage. The experiment were repeated 4 times.

*Present address: Laboratory of Animal Breeding and Genetics, Faculty of Animal Science, Bogor Agricultural University,

Bogor, Indonesia.
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Experiment 2: Effect of follicular number present
in an ovary

In order to determine the effect of follicular num-
ber present in an ovary on the production of IVF em-
bryos, ovaries were grouped into 5 groups according
to the number of follicles 2-5 mm in diameter; Group I
= 8-10 follicles, Group II = 11-20 follicles, Group III =
21-30 follicles, Group IV = 31-40 follicles and Group V
= = 41 follicles. The experiments were repeated four
times.

In vitro maturation of oocytes

Experimental ovaries from Holstein cows were col-
lected from the slaughterhouse and transported in
Ringer's solution supplemented with penicillin-G (100
IU/ml) and streptomycin sulfate (0.2mg/ml) at 30 to
32°C. Oocytes from follicles 2 to 5 mm in diameter
were examined and grouped according to the experi-
mental design, aspirated with an 18-G needle and
washed with modified-PBS (Gibco, Grand Island, NY
USA) supplemented with 3% BSA solution. The aspi-
rated oocytes were washed 3 times in maturation me-
dium (TCM-199, Earle's salt; Gibco,) supplemented
with 5% Day-7 superovulated cow's serum (SCS;
Matsuoka et al.)'?, 0.01 mg/ml follicle stimulating
hormone (FSH; Denka Pharmaceutical Co., Kawasaki,
Japan), and 50 mg/ml gentamicin (Sigma Chemical
Co., St. Louis MO USA). Oocytes were re-examined,
only those surrounded by cumulus cells were incu-
bated in maturation medium for 22h at 38.5°C in 5%
CO:z in air.

In vitro fertilization

To avoid any possible paternal effect that may influ-
ence the results, all frozen semen used in both Ex-
periments I and II were from the same batch of the
same bull. Frozen semen was thawed in a water-bath
(37°C), washed 2 times using 2.5mM caffeine in
Brackett and Oliphant's medium (Caff-BO), as previ-
ously described by Brackett and Oliphant'®, by cen-
trifugation at 500g for 5Smin. The semen was resus-
pended in Caff-BO supplemented with 1% bovine se-
rum albumin (BSA, Sigma) and 20mg/ml heparin
(Shimizu Pharmaceutical Co. Ltd. Shimizu, Japan) to
yield a final sperm concentration of 5X10%/ml. A 100
ml aliquot of sperm suspension was covered with min-
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eral oil and preincubated for 1 h at 38.5°C in 5% CO: in
air. Matured oocytes were then transferred into sperm
suspension (20 to 25 oocytes per micro drops) for in-
semination.

Assessment of cleavage and blastocyst rate

Five hours after fertilization, oocytes with cumulus
cells were removed from the fertilization medium,
washed and transferred into culture medium for fur-
ther development (day of fertilization = Day 0). The
culture medium consisted of TCM-199 supplemented
with 5% SCS, 5mg/ml insulin (Wako Pure Chemical
Industries. Ltd. Osaka, Japan) and 50mg/ml gentami-
cin. At 48h after fertilization (Day 2), the cumulus
cells surrounding the embryos were removed by re-
peated pipetting, while the cumulus cell layer attached
to the bottom of the culture dish was used as a co-
culture. The culture medium was replaced with new
medium every 96 h.

The cleavage (2-, 4- and 8-cell) rate was calculated
from the number of total ova inseminated after 48 h of
fertilization. The blastocyst rate was calculated from
the total cleaved that had developed to the blasto-
cyst stage.

Statistical analysis

All experiments were repeated four times. In experi-
ment I, data from individual ovary were subjected to
% ? (chi-square) analysis. In experiment II, for the
effect of number of follicle present in ovaries, mean
proportions were subjected to least-square analyses
of variance and Duncan's test was used for compari-
son.

Result

A total of 978 inseminated IVM oocytes from 47 in-
dividual cows were cultured separately for observa-
tion of early embryo development (2-,4-, and 8-cell)
and blastocyst stage. Table 1 shows that there was
great variation in the number of oocytes collected,
cleaved and blastocysts produced for each individual
cow. The number of oocytes harvested from each cow
ranged from 8 to 51 with mean and standard devia-
tion (21.47 £ 10.23). The proportion of embryos de-
veloped to 2-, 4- and 8-cell stage per each cow ranged
from 23.3 to 95.1 % with a mean and standard devia-
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tion (67.66+18.62). The proportion of embryos which
developed to blastocyst stage per each cow ranged
from 1- 20 with a mean and standard deviation (4.49
14.23). The Individual cow significantly (P<0.05) af-
fected the total cleavage rate, and blastocyst develop-
ment. The results of this study indicate that oocytes
from each individual cow have different abilities for
development in vitro. Table 2 shows that no differ-
ence were found in the cleavage and blastocyst rate
among group treatment. However, the number of blas-
tocyst per ovary observed from Group I (810 follicles)
were significantly lower (P<0.05) compared to other
groups (Group III, Group IV and Group V). These
results indicated that ovaries which have follicular
number more than 21 per ovary has an ability to pro-
duce more blastocysts compared to the one with less
than 20 follicles per ovary.

Discussion

Goto et al.!V reported that oocytes from individual
cows have different developmental abilities in vitro.
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Moreover, Mermillod et al.'"® reported high individual
variation in oocyte number and the rate of embryonic
development may be caused by variation in genetic
value. Our results also support their findings that in-
dividual ovaries had a significant affect (P<0.05) on
the early embryonic development to the blastocyst
stage. However, this variation between individual
cows was not observed by Funahashi et al.!? prob-
ably due to the fact that there were differences in the
breeds or population of cows used in the two studies.
The results of our study reveals that the IVM-IVF-
IVC from individual ovaries have different develop-
mental ability in vitro, hence insighting an ideal fact
which could be used efficiently in breeding cattle of
high genetic value by oocyte aspiration from live do-
nors using ultrasound guided follicle. It has been re-
ported!®!® that development of the ultrasound-guided
transvaginal retrieval of bovine oocytes (ovum pick-
up) has proved to be a reliable and highly repeatable
technique for obtaining oocytes from living cows and
they confirmed that IVF from individual cows could

Table 1. Ooytes yield, cleaved and blastocyst rate obtained from individual cows

Variable No. of cows Mean SD Range Minimum Maximum

Oocytes/cow 47 21.81* 10.23 43.00 8.00 51.00
2-Cell rate 47 11.46* 6.72 37.60 2.4 40.00
4-Cell rate 47 27.89* 10.25 39.00 9.1 48.10
8-Cell rate 47 28.38* 16.68 68.50 33 71.80
Cleavage rate 47 67.88** 18.62 71.80 23.30 95.10
Blastacyst rate 47 30.57%* 20.34 87.30 5.60 92.90
Blastacyst/cows 47 4.49** 423 19.00 1.00 20.00

x 2 test*) Significantly different (P<0.05)
x ? test**) Significantly different (P<0.01)
SD : Standard deviation between individual cows.

Table 2. Blastocyst production from ovaries classified according to oocyte yield

Group Follicle/ovary No. of ovary No. of oocyte/ Cleavage rate(%) Blastocyst rate No. of brastocyst/

ovary %) ovary
1 810 18 155/6(8.69) 101/155(65.2)  27/101(26.7) 27/18(1.59
2 11-20 50 682/50(13.6)  475/682(69.6)  130/475(27.4) 130/50(3.0%)
3 21-30 30 714/30(23.8°)  465/714(65.1)  144/465(31.0) 144/30(4.8")
4 31-40 8 290/8(36.3%)  213/290(73.4)  73/213(34.3) 73/8(9.19
5 41-50 9 411/9(45.0%) 276/411(67.2)  77/276(27.9) 77/9(8.5%)

Within columns, mean with different superscripts are significantly different (ANOVA, Duncan's test, a-b;b-c; c-d P<0.05 a-c; b-d;

P<0.01 and a-d; P<0.001)



18 (168)

be an alternative method to the current embryo pro-
duction. Mermillod et al."® showed that the applica-
tion of IVF in cows for genetic improvement implies
the identification of the mother and, as a consequence,
the separate handling of small numbers of oocytes and
embryos from individual cows are important.

With regard to the number of follicles present in
ovaries, no significant differences in cleavage and blas-
tocyst rate were observed between Group I (low oo-
cytes yield) and the other treatment groups. However,
the overall number of blastocyst per ovary among
group were significantly different (P<0.01).

In summary the results of these two experiments
have an evidence that the development of IVF embryos
is affected by individual cow and the number of fol-
licle present in an ovary directly correlates with the
number of blastocysts produced.
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Clinical Study on Premature Ovarian Failure

Hiroko Kurioka, Kentaro Takahashi, Maki Kohsaka,
Tomoya Ozaki, Toshiko Ueda and Kohji Miyazaki

Department of Obstetrics and Gynecology,
Shimane Medical University, [zumo 693-8501, Japan

Clinical study was performed on 13 patients with premature ovarian failure (21 to 38 years old) who consulted
our University Hospital. Menoschesis ranged from 14 to 33 years old. Four cases suddenly happened menoschesis
without abnormal episodes. There were 3 patients with pregnant history and 2 patients with delivery history.
There was no relationship between this disease and body mass index. Only two patients had complications
(systemic lupus erythematosus and breast cancer). Ten of 13 patients were performed on laparoscopic biopsy of
ovaries. Only 3 patients had primary follicle. Two patients had ovulations by ovarian stimulation. A patient with
SLE had ovulation by only Gn-RH analogue (Gn-RHa) or by the combined method with Gn-RHa and hMG.
Though primary follicles were not detected on specimen of ovarian biopsy in another patient, the combined
method with Gn-RHa and hMG resulted in only one ovulation without pregnancy. Therefore, we should study
how to induce the continuous ovulation and to success pregnancy.

Key words: premature ovarian failure, clinical study, diagnosis,therapy
(Jpn J Fertil Steril 43:171-175 1998)
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An Estimate of the Cost of Infertility Treatment.

Takafumi Utsunomiya, Tazuko Watanabe and Michiyo Sashiyama

St.Luke Clinic,

Oita city, 870-0947, Japan

There are many reasons for the decrease in birth rate in Japan. First, the general conditions of reproduction
are becoming worse due to environmental pollution from dioxins, PCB's, DDT and other toxins. Also, we have
a lot of data from infertility treatment indicating that there are other difficulties in conceiving. For example, the
maternal age is rising, the incidence of endometriosis is increasing among women, the number of sperm is
decreasing, and so on. Itis a common fact that about 10% of all Japanese couples are infertile. Furthermore, in
many western countries, the rate of infertility is estimated at more than 15%. If all infertile couples in Japan were
able to have children, the number of births could increase by 300,000 per year. However, special and effective
treatments for infertility, such as assisted reproductive technology, are not recognized as medically insurable



FRI07H1H FHE (183) 33

treatments. Therefore, infertile couples have to pay a lot of money for these treatments. To re-evaluate these
problems of infertility treatment, we designed a study using a questionnaire to survey infertile couples. Our
study indicated that they needed to use 10 to 15% of their monthly income to pay for infertility treatment. Many
of them were forced to discontinue the treatments for economic reasons. For this reason, financial support for
infertility treatments is needed immediately.
Key words: ART, infertility, cost, insurance

(Jpn J Fertil Steril 43:177-183 1998)
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OHP : occult hyperprolactinemia, PSL : prednisolone

BIAYA7.6% & > 7=, F 7=, 31ILL F oD B FERE (IR
L 2 MIRPERF O i A 3 5 & | ikt 2 BIRpERE
TOHP, HiBSUKESIEE 2 KRN % < 381 5 =L
I FIZ B WTEABD L - 7=,

SO TR X - gea ik Blag ok
45XX,inv(9) (p11q13) der(13;14) (q10;q10),
45X/46 XX/47 XXX,
46,XX,add (19) (q13.3),
46,XXder (3),der(7),der(8),
46,XX,t(1;14) (q42;q23),
46,XX,inv(9) (p11q13),
46,XX,t(14;15) (q24;q13)
46,XX,t(6;8) (q24.2;p2.1) TH - 7=.

KIS, FRMERELE & R T 5 h 5 Bt

(HEHH % &)

REWKT 5L (K, TEilE Tl FERYEAT
WET, X512, OHP, &7 v 7 7 F YV IMAERPHOR
PEBBNT IR IZ B MEIA AR b,

3. RIERAERER T 5 BIEAME & 1T IRBEERD
## (£5)

PLRIZR AR 7= B i R4 5 BFEIG RS K B
A RSICRT. FIEAARHEE Z b I WERESS
1511 (29.7%) 1% U CRIEHRIE A BT L, 7 D% DIEAR
MEEHRILTL0% T d - 72, PikEHUEREE L SLES D
ECRIERBIZHN U TPSLE L UEHE T 2 )
Bk 5 WVIRKHERE T 2 €1 » #E5: % 24171 (13.0%)
(HEEH % G I hEfr ik, AERARERIZ87.9% Tdh -
7z. &7z, OHPH 5\ M3E 70 5 2 F VIAEIZxf L



FRL0E7 A1 H

AR

(189) 39

#6 KEREARIC & B IRHKOMEGHKGEE O L

KEIE % AEARE R AEARINE  ATARRERE IR SRR (%)

Jutafk Ry HRRLHEEES 8 43 6 6 5 83.3

BRSO SRS T 5 2.7 1 1 1 100.0
b =t il
b 2
Ik 2

T e R 4 4 6 6 100.0
M1 E 3
SIRE 1

HO %%  PSL/low dose aspirin 5 2.7 5 5 5 100.0
SLE 1
OO ¥ IS PAE i B 4
T SS-A Prikps P 1

low dose aspirin 1 1 1 1 100.0
iU v B PUARE I 1

(FHE#EH =5
27T PIRHURESTE & O % O IR R O i
H ARG L SEGIR % ATHR R ATHRMDRC  ATARRRGEEIE Akt (%)

b kBT 55 297 32 46 36 78.3

EES 3 0r 1 35 189 12 15 12 80.0

Mt 2 MIGEAERT 26 141 12 15 12 80.0

PR R 9 4.9 0 0 0 0.0

PSL/low dose aspirin 18 97 18 18 16 88.9

low dose aspirin 8 4.3 8 9 7 77.8

RIFHE 9 4.9 8 9 5 55.6

(EHHE &)

T bromocriptine #%: % 16f (8.6%) (Zf1\y, T DAL
IRk R1381.8% Th » 2. THEABIH L THET L
P T E TR & AN BT L, 4Bl e & AER U R T
ATAR ISk L 72,

4 R REOERERIC & 5 A% OEIRESEE (£6)

W X N R REEREORIIC L 3 AR %O TR
GO IR E £OITR L7z, REEREED S H6fH
IR L, 72 OMERIZ833%TH » 72, TEMFER
B IERITIE, EARRBIEE L 2561 & e
B & B AT U 7= Al Al AMTR L, 2Flz 0 TE
BRIZAERE L 72, HCRESIRR T, R L 22560 x
LCPSLE K OMEHE 7 2 ) v l#k4 hitr L2l
IEFARISREE L 7=, 72, P VIRBEHIIRERERON
$L LT, PSLBLUMEHET 2 ¥ ) V% T -
Uk LT, 208 H OARRIFIIZIKHE T 2 ¥

VLA REIT L, T OLER S kL 72,

5. iR RIS E OB EER O IR RO L8 (£7)

HREHUIAAI801% UL TR T & - 7= RS HRPERE
DIFARAREE 2 Hoie L 72 (&7). BARGEBIE L7235
b 1205 A3 15MIATAR L, 7 O#kHi % 1380.0% T & -
7-. PSLB L OMERHET 2 ¥ v k% i L7218
Bz 3T, Z Ok % 1388.9%, (KAHET A ¥
Yoy EREIT L 28I TIE, DR Rk R
T7.8%7 7z, F1-, HiMHUAA80fE T B LSRR
T LD 7 OIS S gl & BEAT L 7228, BATARD S
# , AEHRAEEERIT55.6% T, ZORBIERIFEIZN0A
Kotz

6. R AE B AER] (#8)
SlalkgEt L 2= RERIO i SFED R, WPE % K



40 (190) FASHEE RO 2 2 ) — = 7R L GBSO RS
£ 8  HEHIER O ERRE

HAAGEZRE 43%3%5

KER 1 HERI 2 SE 3
VIS5 - (%) 32 31 34
FITRE I it P I 3 3 2
PED I JR KA RS ZINEN EHIREZINE S
WL O REAR IR £ 2 2 3
AT kAo 51 0 0 1
1st pregnancy
EEIS FIERRL PSL/low dose aspirin [EEAS 3RS
B D HiEFE Ve (AEAR118) FERT R PE FER i sE
2st pregnancy
EE7 BN RIEFEE Gk VLS 308
(hTHERIHA) PSL/low dose aspirin
AEHR D HEFS FER e FiPE (ATHR104) FER WipE
3st pregnancy
EE RET 3R
PSL/low dose aspirin
MR D HEFE Mkigirh
PLS: prednisolone
183 2 HEERERI A3 (1.6%) 328 & 17 (£8) . RN T2 ARBARE L EL RTINS, L

REBILIE, RO BHEFPE D 72 8 Gsie: 4 fi
ITHRATAR L, RURIROAAEE® & - & DO
BIZHRPE & 75 - 7=, 208] H OAFURRE 2 ATRES 8128
RIEHLE & FEAT L 7220, BRI O E0 & g,
BORERWMPE L & - 7.

SEBI21E, PidiA160f% D 72 PSLE L UMK &
TAEY YHREERIT UATIR U 7= 4, FERIVRE &
Kotz 2BEAHRCTIEPSLE K MKHE T 28 ) v
BRI RIS EMA R IR L 7=, Lo L, IBIR
DIAHRD 6N & DDIFRI0EIZHRE L & > 7=,

S (BI3 43 R LT PE IR 210 THURE BRSO B ME D
&@ﬁﬁ?&étb,%@ﬂﬁﬁﬁ”ﬁﬂﬁ?bt

FERFEL k-7, X612, 2l EATETZ, %
VERE & AT U 7 ARSI & 7 7=, 3l HATHR
BHIIAREME 2 ZE L, PSLEX OMEHE 7 Y
YEREEREMU, AR L ER A5 2 LR
L=,

LU, DLE3BIRRFN B TIHBHEDOFMEIZ DN
TROPEGHRBREIZITbDI T h - 7=,

Z =

ERWPE IZ 2ATRO M L0%I 380 5, Z DA
ELTHRIMMOER M L L vbhTh 5, #I%
PERLREOD Yt 0k 71 BT C I3 HI50% & 0D 554 12 e ph
WHRD O, HRRED Z L FPGEHRERHLED

ZAN, FAEAERIIAE DRI NS & X3, BOR
PEFUPE & 570 501 & A D JRIK A KIFRNIHA T B
MR EZ 6NE. 2049, YRek2mE Fo
PSR PERE B850 & % & LT, KiIEHEN LT
TPEN AR L, BRI ERA T

BT, FERKNOBMEIZ D XKL 7. Fg
IZF6 1 B YAk n & G-band 12 & 0 228 7= e L
43%TH D, FEROWEL-85% L ITIFEETH -
fo. F72, TNE DO F DRDITHRRk:21183.3% & i
DEE(11%)9 K O BEFTH 5 7=,

BARTREEIER TR R X W - - H A 4134.3% T, 2
ROMED10-20%225 & AL L TH ko 7=, SFEC
&, TEIEEEREIZ X OIS AN E R
b L OCEEOSRFEICH LT Y 7% Y 2 T
T T3, SEFIBUE D 2 Fifiiai TRl ¥
W, RIBIEENR T 2 FREE L 7= 2 & & BRESE A A
7 IREAME L, AUEAE & OB g < SEb
NBZEns, FEEBEMOFERERZ D ENE
EZiohb,

7070 F VIMERHEN S T T o F v i
&, 103%I22 5, OMES (§915%) & 1F T
HFThHot, ThHOMERIZHF B bromocriptines#
BIIHEN T, AR 1381.8% T »7=. LA L,
5 PRLIAE R OHP & i 0 11510 20 B A 12 BIfE D
EZARLENEESTE LT, Tho IZEEEER



FR10F7H1H

AR I BRE TR ROBEN D L0
WIHIEZL S H B, BRIKNAERAEOERMT & & 55
BRI B S HuEE Bbhi,

HO SRR A AP L AR, FER T =G
BRI, b5 WVIEFENRRREEFLEORIEHE
BWZ L BHIEhTWS, R, AEREDEIKD
—2& LT, i) VIREVREREARELE T 58
CHREREESEH XN TS, SHOEHTIET 2
vy v EgEER L Ry -7 A U
FHBEEE T o728, ~o8) VR A8 ) o7 2K
VB, fIEs a7 ) v KREHTERES A5
hTnwagens  Zh 6 EFREOA ML 63-93% &
HeGeam XN ASMOWE LA, BRI ABREOMR
ENE L TN OREFNZ XS B ATHR b O R 3¢
OB RE X Nz,

—7%, Vibik&EIE L &5 Z0MOEEED
P BER TR 52, BRKIEIR A ED 7 <
EERATR LD BORERENRD 61D, BT
i 725 B O R (b B idsubclinical autoimmune
disease) DR HENFOA, EFH L TWA™0, BiEH
PFERRF T I B HURHUARS M SRITEER O i 9102620
TI310.7%, 21.6%, 26.3%, 18.7% & S hh B2 K4
DOFMETE 29.7% L EHE TRO SN, S, b
B ik80fE D Fak5 1 1ZFRE U TRk 4 fiifr L
7=hY, T DIEHRRRT I 55.6% L AR TH 7. L
LU BERBICECET L F=v o v {KHET7 2
) VRS BRI ET A8 ) VilREE T 128
&, RIS 12 88.9%, 7T7.8% Th -7-. Thabb,
PRI 5 ORI AR U 7= A O it s
AP BRI HET BRI AT H SRS
VWi EREO S 5 Z D & S KBS IR
12X LTSRS 2 7 1 4 N AEH R PIEEE M £
L8 )f:\?éﬁ?ﬁg.ll,lm j)iﬁ% é h"(t X 6 2 L/ﬁ) [/ , \‘(5];?10)
DIEIZ & B L HIRHUAD B & RAIERE & DR
I L, 5%, PUDASMEREGNZ X § 5 flhod
HOHB®REDZ 2 ) — = v 708 & 70, 7L
Fo U a EOHEINICO X RT3 081 H 5
LEbHNS.

WHEDZ 2 ) — = A& D RERAHOEE
WREEIZX L Cid, 1981 4E4Z Taylor 515 238 =&Y
VSERAE W gk A £72, —F, Beer 519
RV ERE W RIEREAEITL, TOHH
PEWREL TH S, IRFEN S ERICH W TITD
hT\na,

Carolyn 5 12 KA 7 DA YE GEARIEEE) 1%
40-86%, F373% T, ZOMMOMES® G [EI%TH -

AiE i

(191) 41

7z, UFLO G EREO BT JEH 20 D K 51280
100% CTH 5. L L, Hikkbifk 80 fi55batt# IfR
LTI - 72 RIEHEE DO IEIR 7713 55.6% E AR T
bot. WoT, 5k, ViIABGHEICIT 2R
FEREOWEIS I Z PR 2 R EAH O, K DFRE X
N RIEFEDEIEE R EREE O EVWEEZ bR
5.

HER VR SE FBEE GO HL) o Tk, BRENZIS C
A RRIICITS ZENEETH S, ThE
W2, 20 EFEE KRBT 200\ TTMBY
GIRRE & RBIIZIT S5 2 &1 & 0 HPEIREIN 4 R
THIELNHEELELEDNS.

PEDZ & XD, AEREICH L TR ZIE KR
FERITWANOEEEETTS 2 & OHMMEIRIE X h
oo L L, ZO&D 5hsHI kK 2% S Mm%
189 B RAARREFIOFAEL , BEBZHAH» 5D

RS RECH B L EbB. 5% &6k 5 Mat
D REYEA R &t
X [y

1) TP, AREFAFI, AR LR f(1994) N3WA
N KZBEEFENTERLEY X)) -V
A HMEICB$ 285 . H 25 39:32-36

2) AMEIE, TEHAEN (1995) ANEEO GH:. PERR
T 70: 62-66

3) A4EFMEA, BAZRT, MNEE (1995) 4AF
jif. Perinatal Care 14:23-28

4) BEAME—BR(1987) AEHE GEEMEMRLE) & &
R, MR 39:519-526

5) HEHEA, WEHE, SRR f(1989) ATIEDR
Ak L aH. PERHER 41:963-968

6) rhigmpth, HHEE, RAIE f(1993) REAR
BIREGNC 5  2HiIAZ 2 ) — = 7 DREL.
HPE s 45:431-436

7) Fraga A, Mintz G, Orzoro ], et al. (1974) Sterility
and fertility rates, fetal wastage and maternal morbi-
dity in systemic lupus erythematosus. ] Rheumatol
1:293-295

8) Scott] R, Rote N S and Branch DW (1987) Immu-
nologic aspects of recurrent abortion and fetal
death. Obstet Gynecol 70:645-656

9) lARsA, EREM, HET M(1994) RIEHRRE R
HO S E CRIEPIARE MR KO DOBHRK
M. HAMEZEE 39:387-392

10)  WRPAEVE (1994) AHRERAIZB T 2 BEHIAIC
B9 200175, HPEEMGE 46:1205-1212

11) HhR—, SR, KB 1h(1995) HCHik
B R B I B RO A IS B



42 (192)

12)

13)

14)

15)

16)

17)

18)

19)

20)

FRARRRGY. HPEEMGE 47:421-424

Hihog—, SRR, KR fth(1994) 4645 5N
ARIZ & 0 IEHHRE (2 o 2= IR A BRE S
D—f. ZERRIELE 28:62-65

Saitoh M, Takeda S, Ishihara O (1992) Spontane-
ous recurrent fetal wastage and autoimmune abnor-
malities : Efficacy of predonisolone and low dose
aspirin therapy. Proceedings of the 6th annual meet-
ing in Tokyo of JSIR:194-197

Saitoh M, Ishihara O, Takeda S(1992) The signifi-
cance of antinucleous antibodies during pregnancy.
Proceedings of the 7th annual meeting held in
Kagoshima of JSIR 281-283

Taylor CG and Faulk WP(1981) Prevention of re-
current abortion by leukocyte transfusions. Lancet
2:142-149

Beer AE, Quebbeman JF, Ayers JWT, et al. (1981)
Major histocompatibility complex antigens, mater-
nal and paternal immune responses, and chronic
habitual abortions in humans. Am ] Obstet Gynecol
141:987-999

Carolyn CB, Coulam CH(1992) Update on immu-
notherapy for recurrent pregnancy loss. Am ]
Reprod Immunol 27:124-127

hEFRE, TEIERE, B fl(1997) EHiEHE
(A FRPE % &) 1233 2 R 2E Ml & s
BOHRMEIZDONWT. HAUE S 42: 50-57
ABIEM, 7H A, B HZ, KATFHE, o
IE—(1990) #HEFEICHT 2 GIEHEIZ OV
T Hgﬁiﬁglﬂlﬁu %5}.‘3 20:87-89

AR, GFE, B THE, K T2,

IARBREEKIGD 2 2 1) — = 7 A L IR IR O et

21)

22)

23)

24)

25)

26)

27)

HAEREE 43%3%

VHIBE 1, B4 (1997) KIS EERERN M4
3 RIZHE L FTHLAPUAD BEEIZ DWW T, HAME
RhE 42:83-89
Balasch J, Font J, Lopez-Soto A, et al.(1990)
Antiphospholipid antibodies in unselected patients
with repeated abortion. Hum Reprod 5:43
Lubbe WF, Butler WS, Palmer SJ, et al. (1983) Fe-
tal survival after prednisolone suppression of ma-
ternal lupus-anticoagulant. Lancet 1:1361
Rosove MH, Tabsh K, Wasserstrum N, et al. (1990)
Heparin therapy for pregnant women with lupus
anticoagulant or anticardiolipin antibodies. Obstet
Gynecol 76:630
Cowchock FS, Reece EA, Balaban D, et al. (1992)
Repeated fetal losses associated with antiphos-
pholipid antibodies: A collaborative randomized trial
comparing prednisolone with low dose heparin
treatment. Am J Obstet Gynecol 166:1318-1323
Branch DW, Scott JR, Kochenour NK, et al.(1985)
Obstetric complications associated with the lupus
anticoagulant. N Engl ] Med 313:1322
PEEA, SR, BURE(1990) BERED
FRILE VB 0 IREBUARRERREE & thoiic,
PERTIAHE 60:286-290
R R A A O SRR E IR HE R (1990) AR
DEFEFEBIT R & TS 2 0%% - KIGHRED
IR & Z ORI B3 2 H7e- H O Rss B DA
BYRE L 2 O RIZB$ 572, ppl79
(Z4F 119982 H4 H)
(5281 1 19984 5 H25H)

Analysis of Recurrent Spontaneous Abortion and Subsequent Outcomes of
Pregnancy in Couples with Recurrent Spontaneous Abortion

Masahiro Saitoh, Osamu Ishihara, Naoki Hayashi,
Kuniko Arai, Satoru Takeda and Katsuyuki Kinoshita

Department of Obstetrics and Gynecology,
Saitama Medical Center, Saitama Medical School, Saitama, 350-0844, Japan

Ranko Hirata and Hiroo Maeda

Department of Blood Trans Service,
Saitama Medical Center, Saitama Medical School, Saitama, 350-0844, Japan

One-hundred and eighty-five cases of patients with recurrent miscarriages were screened thoroughly with
examination and laboratory tests and then treated with the most promising methods in cause-specified cases.
Of the cases, aged 31.2 £ 4.3 years old at the time of the first visit, 83.2% were the primary recurrent miscar-

riages.

Apparent factors that seemed to contribute recurrent miscarriages were chromosomal anomaly (3.8%), uter-
ine anomaly (4.9%), hyperprolactinemia and occult hyperprolactinemia (10.3%), autoimmune diseases including
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systemic lupus erythematodes (7.0%) and positive anti-nuclear antibodies (29.7%). Forty-seven percent of the
patients presented totally negative results despite thorough investigation. We, therefore, adopted various thera-
peutic strategies including metroplasty, bromocriptine, predonisolone with low dose aspirin and besides immu-
notherapy for the patients with unknown origin.

Each specific therapy showed satisfactory results of successful continuation of pregnancy at the rate among
82 to 100%. The immunotherapy using husbands' lymphocytes were also effective in 71.0% of cases with un-
known origin, though three cases resulted in repeated miscarriage after immunotherapy.

The study suggests that new screening methods are necessary to reveal unknown origin though most of the
patients with repeated miscarriage were successfully treated with appropriate therapeutic strategy to specific
known reasons.

Key Words: recurrent spontaneous abortion, inmunotherapy, antiphospholipid syndrome, hyperprolactinemia,
metroplasty
(Jpn J Fertil Steril 43:185-193 1998)
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Metabolism of Exogenous Fatty Acids by Preimplantaion
Rabbit Embryos

M. A. M. Yahia KHANDOKER” and Hirotada TSUJII

Faculty of Agriculture, Shinshu University,
Nagano 399-4511, Japan

Abstract: The metabolism of exogenous fatty acids by preimplantation rabbit embryos was examined.
Fatty acid oxidation was assessed by incubating embryos of various stages for 4h in a medium containing
UC-palmitic acid and measuring the production of *CO.. The rate of fatty acid oxidation was relatively
constant in the 1-cell and 2-cell stages, but increased significantly in the 4-cell stage and continued to
increase up to the blastocyst stage. Incorporation of *H-palmitic acid into embryo lipids was examined by
culturing morulae for 2h. Lipids were extracted and fractionated by thin-layer chromatography. Radioac-
tivity was recovered in various neutral and polar lipid classes. Among the neutral lipid species, about 50%
of the radioactivity was recovered in triacylglycerol while the proportion recovered in fatty alcohols and
diacylglycerol was 19.0%, and 16.5%, respectively. Among the polar lipids, most of the radioactivity was
recovered in choline phosphatides (77.5%). Radioactivity was also recovered in other neutral and polar
lipid fractions. Mild alkaline methanolysis of embryo lipid extracts indicated that most of the radioactivity

entered embryo lipids as fatty acid.

Key words: palmitic acid, incorporation of fatty acid, oxidation of fatty acid, rabbit embryo,

(Jpn J Fertil Steril 43:195-201 1998)

Introduction

Fatty acids, phospholipids, and glycerides are very
important components of mammalian cells. In addi-
tion to their role in signal transduction as inositol con-
jugates, phospholipids are integral components of the
cell membrane, and free fatty acids and triacylglycerols
are an important source of energy for cellular metabo-
lism 2. Changes in fatty acid and sterol compositions
of the cell membrane have been shown to alter the
permeability and fluidity properties of the lipid bilayer®.
Thus any change in the types of fatty acids or lipids
provided to cells may influence both the structure and
metabolism of the cells*?.

Our previous work indicated that rabbit embryos
and oviductal and uterine fluids contain several types
of saturated and unsaturated fatty acids®?. It is re-
ported that exogenously supplied fatty acids are ben-
eficial for growth and continued development of rab-
bit ova®?. However, it remains to be determined how

the preimplantation rabbit embryo metabolizes exog-
enous fatty acids added to the culture medium. The
present study was undertaken to assess the ability of
rabbit embryos of various stages to metabolize exog-
enous fatty acids, relative to the preimplantation stage.
The oxidation of palmitic acid to carbon dioxide and
the incorporation of this fatty acid into embryo lipids
were examined.

Materials and Methods

Animals and embryo collection: Reproductive ducts
were collected from superovulated Japanese White
does, which were maintained singly in metal cages.
Superovulation was induced according to the method
of Hafez!®, Pregnant mare serum gonadotrophin
(PMSG) (50 iu) was injected subcutaneously for 3 days
followed 1 day later by simultaneous intravenous in-
jection of human chorionic gonadotrophin (hCG) (50
iu). Immediately after the injection of hCG, the ani-
mals were allowed to mate with two fertile bucks. One-,

*Present address: Bangladesh Agricultural Institute, Dhaka-1207, Bangladesh.
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two- and four-cell embryos, morulae and blastocysts
were collected from mated females by flushing of ei-
ther the oviduct or the uterus with phosphate-buffered
saline (PBS). The embryos collected were washed
with PBS 3-4times and with the appropriate culture
medium before use in the experiments.

Experiment on fatty acid oxidation in embryos:
Krebs Ringer bicarbonate (KRB) medium without
carbohydrate substrates was prepared. Fatty acid-free
BSA (FAF-BSA, Sigma Chemical Co., St. Louis, USA)
was used instead of BSA F-V and “C-palmitic acid was
added as follows. About 740KBq of [1-“C]palmitic acid
(specific activity 1.85GBq/mmole; Moravek
Biochemicals, Inc., California, USA) in ethyl alcohol
and 0.4ml of a ImM solution of unlabeled palmitic acid
in benzene were placed in a sterile glass tube and
mixed well. After removal of the organic solvents by
evaporation, 4ml of culture medium was added. The
tube was sealed and placed in a water bath at 37°C for
30min with gentle shaking. The concentration of palm-
itic acid in this medium was 0.1mM.

Carbon dioxide production from fatty acids by cul-
tured embryos was measured according to the method
of Brinster!?. Embryos of each stage, from the one-
cell stage to the early blastocyst stage, were washed
3-4times in carbohydrate-free medium. Ten embryos
were put into a 100 «1 drop of medium containing *C-
palmitic acid placed in a culture tube and 2-3 drops of
silicone oil were added as a covering. The tube was
then placed in a scintillation vial together with a 2-ml
empty bottle. A rubber stopper was used to close the
vial. Each scintillation vial was flushed with 5% CO: in
air through a stopper-penetrating needle and then in-
cubated at 37°C for 4h. At the end of the 4-h incuba-
tion period, 0.1ml of 1 N H2SOs was injected into the
culture tube, and 1ml of 1M hyamine (Nacalai Tesque
Inc, Kyoto, Japan) was injected into the empty bottle
through the covering rubber stopper. The scintillation
vials were left sealed at room temperature for 48h.
Thereafter, the rubber stoppers and the culture tubes
were removed. Ten milliliters of scintillation cocktail
was added and mixed well with the hyamine. Radio-
activity was then measured. Blank values were ob-
tained from control incubations without embryos.

Experiment on the incorporation of exogenous fatty

acid into embryo lipids: The experiment was perform-

Fatty acids metabolism in rabbit embryos
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ed according to the method of Flynn and Hillman 2.

Culture medium: The culture medium used was
KRB, containing essentially FAF-BSA (Sigma Chemi-
cal Co.). The culture medium containing radioactive
fatty acid was prepared as follows: 0.2ml of a 1 mM
solution of palmitic acid in benzene and 9.25MBq of
[9,10-*H]palmitic acid (specific activity 1.85 TBq/
mmole; Moravek Biochemicals, Inc.) in ethyl alcohol
were mixed in a sterile glass tube. The organic sol-
vents were removed by evaporation and 2ml of cul-
ture medium was added. The tube was then placed in
a water bath at 37°C and shaken gently for 30min. The
concentration of palmitic acid in this medium was
0.1mM, and the molar ratio of palmitic acid to albu-
min was about 1.2.

Culture and extraction and fractionation of lipids:
Morulae, 10 each in 100 «1 drops of *H-palmitic acid-
containing medium, were incubated for 2h and washed
3-4times in non-radioactive medium after the incuba-
tion period. Seventy morulae were pooled as one
sample and used for lipid extraction. Lipids were ex-
tracted from the embryos with chloroform-methanol
according to the method of Bligh and Dyer'® as de-
scribed elsewhere”. After separation from the alco-
holic layer, the chloroform layer was collected and
evaporated. The lipid extracted was re-dissolved in
1.0ml of hexane and aliquots of this extract were used
for further analysis.

Thin-layer chromatography: Thin-layer chromatog-
raphy (TLC) was carried out using aluminium sheet
silica gel 60 thin-layer plates (2.5 X 7.5cm; Merck,
Darmstadt, Germany). For the fractionation of neu-
tral lipids, the extracted lipid was developed in hex-
ane/ diethyl ether/ glacial acetic acid (80:20:2 by
volume) at room temperature. For characterization of
the polar lipid fractions, development was done in
methyl acetate/ propan-1-o0l/ chloroform/ methanol/
0.25% aqueous KCl (25:25:25:10:9 by volume)!?. Ap-
propriate non-labeled standard lipids (purchased from
Supelco, Inc., Bellefonte, USA, Larodon Fine Chemi-
cals, Malmo, Sweden or Nu-Chek Prep Inc., Minne-
sota, USA) were added to embryo lipids so as to pro-
vide enough material for detection on the thin-layer
plates. Spots were visualized by spraying the plates
with 0.7% KoCr207 in 55% H2SOs followed by heating
at 100-110°C for 1h. Spots were scraped from the plates
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Table 1. Carbon dioxide production from [1-“C] palmitic acid by
preimplantation rabbit embryos

Stage of embryo Hours after “COoutput,CPM/embryo/4h
development ovulation (Mean = S. D)!
One-cell 8 487 + 2.78°
Two-cell 32 55.8 + 8.70°
Four-cell 56 936 + 9.66°
Morula 84 1284 + 17.55°
Blastocyst 108 1743 + 26.25°

Embryos were cultured in FAF-BSA, carbohydrate free medium with [1-“C] palmitic acid for

4h.

Data were pooled from 4-5 replicates (10 embryos/replicate) at each stage of development.
Means with different superscripts a, b, ¢ or d: were significantly different from each other as

indicated by Student's t-test (p<0.05).

and collected separately in scintillation vials contain-
ing 1ml of water and 10ml of scintillation cocktail and
the radioactivity in each sample was measured. The
scintillation cocktail contained 0.5% 2,5-diphenyloxazole
and 0.03% 2,2-p-phenylene-bis-(5-phenyl oxazole) in
toluene.

Mild alkaline methanolysis of lipids: In order to
check whether the tritium in various lipid fractions
could be attributed readily to the incorporation of *H-
palmitic acid into lipids in these fractions or whether
it was the result of metabolic recycling of hydrogen
in the acid, mild alkaline methanolysis of the extracted
lipids was carried out according to the method of Flynn
and Hillman!?, Briefly, a portion of each lipid extract
sample was transferred to a test tube and dried by
solvent evaporation. The residue was re-dissolved in
0.3ml of toluene-methanol (1:1, by volume). Then,
0.3ml of 0.2N KOH in methanol was added and the
sample was incubated at 37°C for 20min. The reaction
was stopped by the addition of 3 drops of ethylformate,
and the reaction products were partitioned by the ad-
dition of 0.5ml of chloroform and 0.3ml of water. The
radioactivity was determined in both the chloroform-
soluble fraction and the aqueous fraction.

Measurement of radioactivity and statistical analy-
ses: Radioactivity was measured by means of a liquid
scintillation counter (LS 6500, Beckman Instruments,
Inc., California, USA) as counts per minute (CPM).
In the tritium experiment, the radioactivity in each
fraction was converted to the percentage of total ra-
dioactivity recovered. All values presented in the tables

are the mean+S.D. and Student's t-test was used for
comparisons of the means.

Results

Carbon dioxide production from [1-"“C]palmitic
acid by embryos

Carbon dioxide production from exogenous “C-
palmitic acid was detected in assays with rabbit em-
bryos at every developmental stage examined. The
results obtained are shown in Table 1. The rate of fatty
acid oxidation was relatively constant in the 1-cell and
2-cell stages, the rate increased significantly between
the 4-cell and morula stages (p<0.05) and continued
to increase up to the early blastocyst stage.

Incorporation of [9,10-*H]palmitic acid into embryo
lipids

Total lipid extract: An average of 479 cpm/ embryo/

Table 2. Distribution of radioactivity in neutral lipid
fractions from rabbit morulae cultured with
[9, 103H] palmitic acid for 2h

Fraction Radioactivity, % (Mean & S.D.)
Triacylglycerols 50.5 £ 1.99
Diacylglycerols 16.5 £ 3.03
Monoacylglycerols 39+t 167
Fatty acids 2.9+ 1.98
Fatty alcohols 18.0 + 3.75
Sterol esters 4.4+ 2.96
Polar lipids at origin 3.8+ 2.18

Results are expressed as the proportion of total radio-
activity recovered in each neutral lipid class in terms of
percentages. Values were obtained from three deter-
minations.
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2h was recovered in the total lipid extract.

Neutral lipids: The distribution of radioactivity
among individual neutral lipid fractions is shown in
Table 2. The major types of labeled neutral lipids were
triacylglycerols and fatty alcohols, accounting for 50.5
and 18.0% of the total radioactivity recovered, respec-
tively. Radioactivity was also found in diacylglycerol,
monoacylglycerol, fatty acid and sterol ester fractions
and the recovery percentages were 16.5, 3.9, 2.9 and
4.4, respectively. About 4% of the total radioactivity
remained at the origin with the polar lipid fraction.

Polar lipids: The distribution of radioactivity among
individual polar lipids is shown in Table 3. Radioactiv-
ity was recovered in both phospholipid and glycolipid
classes. The major type of labeled polar lipid was cho-
line phosphatides, accounting for 77.5% of the total
radioactivity in polar lipids. Other labeled phospho-
lipids included ethanolamine phosphatides, inositol
phosphatides and choline lysophosphatides compris-
ing 5.9, 4.1 and 3.6%, respectively. In addition, 9.0% of
the total radioactivity in polar lipids was recovered in
the glycolipid fractions. Around two thirds of this
amount of radioactivity was found in the sulfatide frac-
tion, and the remainder was in the cerebrosides.

The relative proportions of radioactivity recovered
in the chloroform-soluble and aqueous products of
alkaline methanolysis of embryo lipids are shown in
Table 4. Most of the radioactivity, over 85 %, was re-
covered in the chloroform-soluble material, while
14.7% was recovered in the water-soluble material.

Table 3. Distribution of radioactivity in polar lipid frac-
tions from rabbit morulae cultured with [9,
10-*H] palmitic acid for 2h

Fraction Radioactivity, % (Mean + S.D.)

Phospholipids

Choline phosphatides 77.53% 215
Ethanolamine phosphatides 5.9 & 1.50

Inositol phosphatides 4.1+ 0.57
Choline lysophosphatides 3.6 1.05
Glycolipids

Sulfatides 5,5 12,65
Cerebrosides 3.5+ 0.19

Results are expressed as the proportion of total radio-
activity recovered in the polar lipid class in terms of
percentages. Values were obtained from three deter-
minations.

Fatty acids metabolism in rabbit embryos
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Table 4. Distribution of radioactivity among products
of alkaline methanolysis of the lipids ex-
tracted from rabbit morulae cultured with
[9, 10-*H] palmitic acid for 2h

CHCls-soluble products (%) H:0-soluble products (%)
Mean £S. D Mean = S. D

85.3 +2.88 14.7 + 2.88

Results are expressed as the proportion of radioactivity
recovered in the chloroform-soluble and aqueous prod-
ucts in terms of mean percentages, in three determina-
tions.

Discussion

Rabbit embryos can oxidize palmitic acid to carbon
dioxide even at the 1-cell stage, although the rate of
fatty acid oxidation was found to increase from the 4-
cell stage onwards. In this experiment, no carbohy-
drate substrates were added to the culture medium.
Under such conditions, the fatty acid supplied was
undoubtedly used as an energy source. A large pro-
portion of the 3H-palmitic acid entered triacylglycerols
in the incorporation experiment with carbohydrate
substrates added. When no other energy source is
supplied, this fatty acid might be oxidized by the cells
as a means of obtaining energy.

The finding that the ability of the rabbit embryo to
oxidize palmitic acid increased during the period be-
tween the 4-cell and morula stages coincides with the
time of entrance of the embryo into the uterus from
the oviduct which occurs between these two stages'®.
The change in the environment of the embryos may
be associated with a change in their metabolic capa-
bilities. The metabolic rate, whether judged by oxy-
gen uptake or carbon dioxide output in vitro, remains
relatively constant during the early cleavage divisions,
but increases sharply between the morula and blasto-
cyst stage'. Thus, there is a close correlation between
the changes in the rates of oxygen uptake and fatty
acid oxidation.

Results of the incorporation experiment revealed
that preimplantation rabbit embryos could utilize ex-
ogenous fatty acids by incorporating them into vari-
ous kinds of lipids. The *H-palmitic acid taken up from
the culture medium was recovered in both the neu-
tral and polar lipids. The major type of labeled neutral
lipid was triacylglycerols and radioactivity was also
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found in diacylglycerol, monoacylglycerol, fatty acid
and sterol ester fractions. We have observed that when
rat embryos are cultured with *H-palmitic acid, a large
proportion of the tritium is incorporated into neutral
lipids, and triacylglycerols are the major type of la-
beled neutral lipids in this case (unpublished data).
The major biological function of triacylglycerols is to
serve as a stored form of metabolic energy. It seems
likely that preimplantation rabbit embryos synthesize
and store this kind of lipid in preparation for specific
developmental events such as hatching. This lipid may
serve as the major metabolic energy source during
the late blastocyst stage.

Our finding that the second highest level of radio-
activity was recovered in fatty alcohols was unex-
pected. The rate of incorporation in the present study
is consistent with our unpublished data on rats and
suggests that preimplantation rabbit embryos can
change fatty acids to the corresponding fatty alcohol.
Fatty alcohols are necessary components of ether lip-
ids. Ether phospholipids formed by addition of phos-
phoric acid and bases to ether lipids are known to be
distributed widely in the brain and nervous tissues,
bone marrow and leucocytes of higher vertebrates.

The distribution pattern of labeled palmitic acid in-
corporated into phospholipids of rabbit embryos was
roughly in accord with the known relative abundance
of these lipids in rats embryos (unpublished), mouse
embryos'?® and autosomal cells of mammals'”. The
labeling of phospholipids was probably a reflection of
the generation of new cellular membranes in the rab-
bit embryo. The proliferation of membranes and their
integrity may be important factors controlling the
growth of preimplantation embryos, and the functional
differentiation of cells at each stage. Both the cellu-
lar changes associated with cleavage and the subse-
quent growth of the embryo require the assembly of
new intracellular and plasma membranes'®!?, Strik-
ing changes in the properties of embryonic mem-
branes also occur during crucial transitions in early
development. Phospholipids are produced from
triacylglycerols by the action of phospholipases®2V
and it is known that mammalian embryos have the
ability to synthesize phospholipids®"%.

The major glycolipid labeled by *H-palmitic acid was
cerebroside. Cerebrosides are the precursors of acidic
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gangliosides and neutral globosides of sphingoglycolipids
which are necessary lipid components of cell surface
membranes®. The synthesis of cerebrosides by pre-
implantation rabbit embryos might be, therefore, a re-
flection of the generation of new cell membranes at
this stage. Glycolipids are very important components
of antigens, especially surface antigens, of preimplan-
tation embryos'® as well as adult tissues?®®?”. Diacyl-
glycerols are intermediates in the metabolism of
triacylglycerol and glycolipids?®.

Alkaline methanolysis cleaves lipid-bound fatty acid
esters from the parent lipid with the resultant forma-
tion of their corresponding fatty acid methyl esters
and these esters are extracted with chloroform. More
than 85% of the radioactivity from *H-palmitic acid was
found in the chloroform-soluble products. This result
seems to indicate that most of the radioactivity enters
embryo lipids as the labeled fatty acid itself, not via
metabolic recycling of tritium. On the other hand, the
radioactivity detected in water-soluble products
(14.70%) was also considerable. We obtained a simi-
lar value in the case of rats (unpublished results). The
radioactivity of the water-soluble product is consid-
ered to be due to the incorporation of tritium into the
polar moiety of lipids such as glycerol and phospho-
ric acid.

The results of the present study indicate that me-
tabolism of lipids and fatty acids plays an important
role in embryonic development even at the early pre-
implantation stage.
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