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Abstract

Effects of glutamine, amino acids, insulin, taurine  hypotaurine, glucose and
renewal of culture medium on in viiro development of bovine cocytes matured, fertil-
ized and cultured in synthetic oviduet fluid medium (SOFM) supplemented with
human serum (HS8) in vitro were investigated in five experiments. In each experi-
ment, in vitro-matured and-inseminated cocyles (zygotes) were cultured for 10 days
in SOFM supplemenied with 109 HS containing 0, 44mM glucose. Additions of glu-
tamine (1 mM) and Eagle’s essential amino acids (EAA) resulted in significantly
higher rates of expanding (24, 5%) and hatched (12, 1%) blastocysts than those
without the additives (12, 3and 7, 79%). Insulin (10 g, ml) did not improve either
cleavage (2 — 8 cells) or development to blastocysts, The addition of taurine (10
mM) significantly increased cleavage rate, but the beneficial effect of taurine,
hypotaurine (5mM) or both on blastocysts formation was not observed. The
addition of glucose (1, 5mM) and the increase of glucose level (0. 44 to 1, 34mM)
on Day 5 after insernination were not effective for embryo development, The reported
beneficial effect of renewal of the medium every 48h was not found in the present cul-
ture system using SOFM supplemented with HS, regardless of the additional glu-

cose,
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purposes and for large-scale embryo transfer?

Introduction

However, the quality and survival rate of in vitro

In vitro bovine embryo production through
tn vitro maturation (IVM) and fertilization
(IVF) has been improved tremendously during
the past decade?’ . In vitro produced bovine em-
bryos have heen routinely utilized for research

produced embryos after freezing and thawing is
generally less than for embryos produced in vivo,
Many different culture systems have been
attempted to produce in vitro bovine embryos

using co-culture with varicus somatic cells?-7,
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conditioned medium?®, serum-and -cell-free
deflined media such as synthetic oviduet fluid
medium (SOFM)®-t® CR 11!V
ically defined media!2?-48

, or other chem-

To investigate the metabolism of individuoat
embryos during in vitro culture (IVC), a cell-
serum-or protein-free, chemically defined medi-
um should be developed, However, viability of
emhryos developed in vitro by the culture with
completely protein-free, chemically defined
media has not been confirmed and pregnancy
following transfer has not been reported, Re-
cently, Pugh et al '® reported that the use of
SOFM supplemented with bovine serum albu-
min {BSA) and amino acids has showed sat-
isfactory pregnancy rates after transfer the [VF
-derived, fresh (71%) or frozen-thawed (31%)
hovine embryos,

The most appropriate culture method for IVC
in many laboratories is still a co-culture system
with somatic cells and serum, At this time, a
medium which is both chemically defined and
produces optimal in vitro development has not
been developed,

In the present study, to establish a better
culiure medium containing serum for IVC, we
have investigated the effects of various nutrients

(glutamine, amino acids, insulin, taurine, hy-
potaurine and glucose) and renewal of culture
medium on ir vitro development of IVM and IVF
bovine oocytes in SOFM supplemented with

human serum (HS),
Materials and Methods

In vitro Maturation .

Qvaries were obtained from Holstein cows and
heifers killed at a local slaughterhouse and were
transported in saline (9 gNaCl/1) at30—35C
to the laboratory within 1h, The ecumulus-cocyte
complexes were collected from follicles of 2 — 5
mm in diameter with an 18-gauge needle aitached
to a 5 —ml disposable syringe, only oocytes with

an unexpanded cumulus oophorus and evenly

granulated cytoplasm were selected and cultured
in a 4 —well plate (Nunclon, Roskide, Den-
mark) containing 0, bml of Tissue Culture Medi-
um {TCM)—199 (Earle’s salts with L-glutamine
and without sodium bicarbonate ; Flow Labora-
tories Inc,, Scotland, pH 7.4) supplemented
with 109 (v,/¥) heat-inactivated (56°C, 30 min)
fetal calf serum (FCS) and 20 mM NaHCO,,
The medium was also supplemented with 2, 5 zg -
FSH—-B-1,ml (U, S Department of Agri-
culture, Baltimore, ML, USA), 5pgg LH-B-—
5 ~ml _(National Hormone and Pituitary Pro-
gram, Baltimore, ML, USA) and 1 #g estradiol
/ml (Sigma chemical Co,, 5t Louis, MO,
USA) and with 2 %X 10% granulosa cells,/ml,
Granulosa cells were collected from antral folli-
cles of about 10 mm in diameter after dissection
by the method of Moor and Trounsen'? and
washed (500> g, 10 min) twice with TCM—199
(pH 7. 4) containing 10 mM Hepes, 2 mM
NaHCO; and 0, 3% {(w,”v) BSA {fatty acid free,
Fraction V : Sigma), The oocytes were stati-
cally cultured for 24 h at 39°C under an atmo-
sphere of 59 CO, in air and > 95% humidity,

In vitro Fertilization

Each 0, 5 ml frozen straw of semen from three
Holstein bulls was thawed at 37°C and was pre-
pared for sperm capacitation, The thawed
semen was pooled and layered (0, 25 ml) under
1 ml of a modified Tyrode's caleium-free medi-
um (pH 7.4 : capacitation medium) in conical
tubes (Becton, Dikinson Labware, Lincoln park,
NJ, USA) for a swim - up procedure!$ 19
The top 0, 8 m] medium was then collected after
incubation for 1 h at 33°C, The pooled medium
containing spermatozoa was washed (500xg, 10
min) twice with the capacitation medium. The
final pellet of semen was re-suspended with the
medium to a concentration of 50 % 10¢ spermato-
zoa, ml, An equal volume of the mediuimn con-
taining 200zg heparin,/ml (Grade I for porcine
intestinal mucosa : Sigma) was added to the
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semen suspension to yield sperm and heparin
concentrations of 25x10% cells,”ml and 100 pg
~ml, respectively. The heparin-treated sperma-
tozoa were incubated for 15 min at 39°Cin 5 % CO,
in air and > 959% humidity.

The ooeytes cultured for 24 h were gently washed
three times with a modified Tyrode's medium
(pH T, 4: washing medium) containing 2 mM
CaCl, and 2 mM NaHCO,. An aliquot (3 D)
of the washing medium containing 5 expanding
cumulus-enclosed oocytes was placed into 43 ul
drops of a modified Tyrode's fertilization medi-
um (pH7, 8 }'® under mineral oil (E. R, Squibb
& Sons Inc,, Princeton, NJ, USA), Then, 4pl
of the heparin-treated semen suspension was
added to give a final sperm concentration of 2 X
10° eells ~ml, Qoecyte and spermatozoa were in-
cubated for 18—20 h at 39°C under 5§ % CO; in

air,

In vitro Culture

After the culture, all cocytes were denuded
from cumulus cells by repeated pipetting and 5
—10 ococytes (zygotes) were cultured in 24 —well
plates (Becton) containing 0, 5 ml of SOFM
supplemented with 1096 HS for 10 days in experi-
ments 1to 5 SOFM was made using deionized,
17 MQ water (Mili—Q Lab,, Japan) according
to the method of Tervit et al 2%, The HS was
obtained from ten healthy young men and heat-
inactivated (56°C, 30 min) after pooling, During
the culture, embryonic development was exam-
ined at Days § (2 — 8 cell stage), 8 (expanding
blastoecysis) and 10 (hatched blastocysts) after
insemination (Day of insemination= 0 ),

/

Experiment 1

Effect of glutamine (1 mM) and Eagle's es-
sential amino acids (EAA: 1 9% v, v,Basal
Medium Eagle Amino Acids Solution, Gibco
BRL : Life Technologies Inc., Grand-island,
NY, USA) added to SOFM+109% HS was

investigated, Replicates were run 5 times in

different days, and in each replicate about half
numbers of inseminated oocytes were cultured
in 80FM + HS supplemented with glutamine
and EAA, and the remaining oocytes were cul-
tured in the medium without glutamine and
EAA, During the culture for 10 days, the em-
bryos were moved to fresh medium every 48 h,
The moving embryos to [resh medinm every 48h

was also performed in the {ollowing experiments,

Experiment 2

Effect of insulin (10 #g,/ml: bovine pancreas,
Sigma) added to SOFM supplemented with 10
9%HS, glutamine (1 mM) and EAA solution
(1 9%,v/v) was investigated, Replicates were
run 3 times in different days, and in each repli-
cate the numbers of inseminated oocytes were

divided into two groups with or without insulin,

Experiment 3

Effects of taurine (T : 10 mM, Sigma), -hy-
potaurine (H : 5 mM, Sigma) or both added to
SOFM supplemented with 1095 HS, glutamine
(1 mM) and EAA solution (1%, v./v) were
investigated. Replicates were run 3 fimes in
different days, and in each replicate the num-
bers of inseminated oocytes were divided into 4
groups (control, T, H, and both T and H),

Experiment 4

Effect of change of glucose levels during IVC
was investigated. In this experiment, SO0FM
with (1, 5mM) or without glucose were prepared
and supplemented with 1096 HS containing 0, 44
mM glucose, glutamine (1 mM), EAA (1 9%,
v,/v) and taurine (10 mM). Four replicates
were carried out in different days, and in each
replicate the numbers of inseminated oocytes
were divided into 3 groups; no glucose addi-
tion throughout the culture (Groupl), no glu-
cose addition from Day 1 to Day 4 and the ad-
dition of glucose (1, 5mM) from Days 5 to 10
after insemination (Group 2) and with glucose

_3_
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(1. 5mM) throughout the culture duration
(Group 3).

Experiment 5

Effects of glucose addition and renewal of cul-
ture medium every 48 h during IVC were investi-
gated, The two glucose levels (Groups 1 and 3
in Experiment 4) were compared, and in each
group the medium of about half numbers of
inseminated oocytes was changed to fresh medi-
um every 48 h and the medium for the remain-
ing oocytes was not changed through out the
culture duration, Three replicates were carried
out in different days, and in each replicate the
numbers of inseminated oocytes were divided
into 4 groups (two glucose levels with or with-
out renewal of medium),

Statistical Analysis

In all experiments, [requencies in the propor-
tions of cleavage, expanding and hatched blas-
tocysts were expressed by mean = SEM, After

an are-sine transformation, the proportions were
analyzed by analysis of variance using general
linear model of Statistical Analysis Systems,

Results

Experiment 1

The addition of glutamine and EAA did not
improve cleavage rate (51, 0 and 47, 3%), but
the mean proportions of expanded (24, 5%) and
hatched (12, 193) blastoeysts were significant-
ly (P < 0,01) higher in SOFM + 10% HS sup-
plemented with glutamine and EAA than those
in the medium without the additives (12,3 and
7.79%) (Tablel).

Experiment 2

Additional effect of insulin in SOFM supple-
mented with 1095 HS, glutamine and EAA did
not find in either cleavage (76,1 and 67, 2%) or
development to expanding (18 7 and 20, 8%)
and hatched (9. 0and10,8%) blastocysts (Ta-
ble2).

Table 1. Effect of addition of glutamine and EAA in SOFM supplemented with 10% HS on in vitro
development of bovine cocytes matured and fertilized in vitro ( mean®SEM )

With{+)or No. oocytes % cocylirs
. % oocytes develped to
without{—) cultured cleaved
glutamine ( No. trials } (2—8cell ) Expanding Hatched
and EAA BLe BL*
+ 123 (5} 51,0x5.4 24.5+6.0* 12.14+£2.9°
- 121 (5) 47.3£3.1 12.3+2.1¢ 7.7x£1.4¢°
“Blastocyst.

b ¢Values with different superseripts differ ( P <0.01)

Table 2. Additional effect of insulin in SOFM supplemented with 10% HS, glutamine and EAA on
in vitro development of bovine cocytes matured and fertilized in vitro ( mean==SEM )

With{+)or No. oocytes % ooeytrs
. % aocytes develped to
without(—) cultured cleaved
insulin ( No. trials ) (2—8cells ) Expanding Hatched
) BL BL
+ 172 {3) 76.1+4.1 18.7+3.0 9.0+0.7
- 164 (3) 67.2+£0.5 20.8+2.3 10.8+1.9




In vitro development of bovine ococytes ) 87

Experiment 3
Addition of taurine to SOFM supplemented
with 109 IS, glutamine and EAA significantly
(P<9,05) increased cleavage rate as compared
with control (81,0 and 70, 9%, respectively), Al-
though the additions of taurine, hypotaurine or
both tended to improve the development rates of
expanding and hatched blastocysts, significant
differences were not revealed among the four
groups {Tabled),

Experiment 4

Glucose levels during IVC of inseminated
oocytes did not affect cleavage and development
rates, although the Group 1 without the addi-
tional glucose had higher rates of expanding
(24.1%) and hatched (14, 1%) blastocysts as
compared with the Group 2 (16, 4 and 11, 9%)

which increased glucose levels (0, 44 to 1, 94 mM)
on Day 5 after insemination and with Group 3

{17.1 and 9, 39%) containing the additional
glucose (1, § mM) throughout the culture dura-
tion (Tabled),

Experiment5

Advantages of renewal of culture medium at 48
h intervals were not observed in either cleavage
or development to blastocysts, (Table 5). The
proportion of hatched blastoeysts in the group
changing the medium every 48 h was lower than
the group without the renewal of medium (8.2
and 15, 8%4), but these values were not signifi-
cantly different, Addition of glucose (1.5mM)
to SOFM + 109 HS had no effects on cleavage
rate (77.1and 79.9%), and development to ex-
panding (19, 8 and 19, 493) and hatched (8, 9 and

Table 3, Effects of taurine { T}, hypotaurine { H ) and their combination added to SOF M supplemented
with 10% HS, glutamine and EAA on in vitro development of bovine oocytes matured and

fetrtilized in vitro { mean=8EM )}

Additives No.oocytes %¥oocytes % oocytes developed to
cultured cleaved
(No.trials) (2—8cells) Expanding BL Hatched BL
Control 119 (3) 70.9+1,3° 8.9X+15 5.7£0.3
T 119 (8) 81.0+1.2¢ 19.6+7.8 15.7+4.9
H 122 (3) 73.8x4.5 14,4145 7.0%3.2
T+H 122 (3) 75.2£0.2 13.7+4.1 7.6%12.5

* *Values with different superscripts differ ( P <0.05)

Table 4. Effect of glucose additien during IVC on in vitro development of bovine cocytes matured and

fertilized in vitro { mean®SEM )

Glucose No. ococytrs % oocytes % cocytes developed to
addition cultured; cleaved
{ Group ) * ( No. trials ) {2—8¢ells ) Expanding BL Hatched BL
=) 209 {4) 67.213.6 24.1%£3.7 14,137
*=(2) 201 {4) 69.3+3.4 16.4=2.0 11.9%+2.5
+(3} 194 (4) 71.7%4.0 17.1£4.5 9.3+4.2

2Group 1: glucose was not added to the medium ( SOFM+10%HS ),
Group 2: glusose was not added until Day 4 and 1.5 mM glucose was added on Day 5 after insemi-

nation,

Group 3: 1.5mM glucose was added to the medium.

_5_
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Table 5. Effects of renewal of medium added with or without glucose on in vitro development of bovine
oocytes matured and fertilized in vitro ( mean+=SEM )

Medium Glucose No. oocytes % oocytes % cocytes developed to
change® addition® culbtured cleaved

{ No. trials ) (2—8cell ) Expanding Hatched

BL BL
-+ - 159 {3) 80.8+5.2 17.6+6.5 8.814.4
+ + 154 {3) 82.8+5.3 21.2+9.0 7.6+2.2
Sub —total 313 (3 81.8+4.0 19.4x7.6 8.24+3.3
- - 168 (3) 79.3*1.0 21.0%9.7 12.216.2
- + 167 (3) 71.7%£3.5 19.2+4.3 10.2£3.9
Sub —total 335 (3} 75.5%1.7 20.1+6.8 11.2+1.4

“Medium was renewed(-+)every 48h or not {—) for the culture duration.
*Glucose { 1.5mM ) was added (+) or not (—} to SOFM supplemented with 10% HS, glutamine and EAA.

10, 6%) blastocysts as compared with the medinm
without glucose addition, There was no interac-
tion in cleavage and development rates between
renewal of medium and glucose addition,

Discussion

The present study was carried out to establish
an appropriate culture medium based with SOFM
+109% HS for in viiro development of bovine
oocytes matured and fertilized in vitro. HS has
been utilized successfully instead of FCS, BSA
or other proteins in various culture media in-
cluding SOFM for the culture of sheep?! 2%,
goat?® and cattle?- 29 embryos,

The additions of glutamine and EAA to the
medium significantly improved the proportions
of expanding and hatched blastocysts (Experi-
ment 1) and have shown the advantage even with
the presence of serum (HS), The present result
has accorded with the reports in pig?5, sheep?®
and catile!? 11,

are major nutritional source for many somatic

Glutamine and amino acids

cells?™ and metabolized by mouse, sheep and
cattle embryos in vitro28-3®  supplemeniation
of glutamine and ~or specific amino acids (es-
sential - EAA and non-essential : NEAA amino
acids) has been demonstrated to increase blas-

tocysis formation in mouse3? 31 sheep?? 2®
and eattle? 1% 32 However, it has nol been iden-
tified which amino acid (EAA, NEAA or cer-
tain amino acids} is the most important and
how they or it coniribute (s) to enhance the
embryo development in the culture. Gardner
and Lane®? described that embryos at the early
and late stages may have different amino acid
requirements, Recently, Lane and Gardner®!
demonstrated in mouse that only EAA signifi-
cantly improved fetal development and weight
over the control after transfer of in vitro cultured
embryos,

Furthermore, as glutamine and amino acids
are metabolized by embryos and break down at
37 °C to produce ammonium in the culture medi-
um which is detrimental to embryo development
in vitro®? it is necessary to renew the medium
every 48 h if glutamine and amino acids are in-
cluded in the culture medium!% 3!- 32  However,
the requirement for media replacement is con-
troversial, The renewal of culture medium every
48 h is labor-consuming and may be reversely
detrimental for embryo development by changing
pH and gas atmosphere and by lowing the tem-
perature of culture medium, As an alternative
method, Lane and Gardner?® developed a method
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of enzymatical removing ammonium from the
culture medium, More researches are needed to
maximize the significant role of amino acids on
in vitro development of IVM-and IVF-derived
bovine zygotes, From the positive result in Ex-
periment 1, we added both glutamine and EAA
to SOFM supplemented with 1096 HS throughout
the present study, Insulin enhances cleavage
and morphological development of preimplanta-
tion mouse embryos?®® by stimulating amino
acids transport®® and protein synthesis?®’ . How
ever, in the present study a positive effect of
insulin addition was not found in the culture with
SOFM containing HS, glutamine and EAA,
Zhang and Armstrong3®™ reported that the ad-
dition of insulin alone to serum-[ree medium
had little effect on rat embryo development in
vitro, but insulin with amino acids acted synegis-
tically to improve the rate of development, From
the fact that the present culture medium has con-
tained both HS and EAA, the clear reasons for
not improving the development of IVF-derived
bovine zygotes are unknown,

Beneficial effects of supplementation of taurine
and or hypotaurine in culture medium for
embryo development have been reported in
mouse3® | hamsterd®, pig10- 1D and cattlet?’,
In the present study, a positive effect was only
found in cleavage rate with the addition of tau-
rine (10mM) alone, Although the proportions
of developed blastocysts tended to be higher in
the culture medium supplemented with taurine
and Zor hypotaurine than that without the both,
there was no significant difference in the present
study in contrary to the reports in pig40 49
and cattle?? | The effect of hypotdurine on de-
velopment of hamster zygotes is dependent on
the time of post-fertilization®% | Furthermore,
the addition of hypotaurine has been shown to
increase the frequencies of in viiro fertilization
in bovine and hamster ooeytes and the subse-
quent cleavage?® 41 Taurine is present at a

high concentration in the fluids of the reproduc-

tive tract and represents 50, 1T and 39% of the total
amine acids pool in the mouse egg, morula and
blastocysts, respectively'® It seems from the
present result and the report of Lim et al 42
that taurine probably enhances the in vitro de-
velopment of IVF-derived bovine oocytes, but
the beneficial effect in a combination with
hypotaurine is still questionable, However, cys-
teamine which is a precursor of hypotaurine and
is converted to hypotaurine by oxidation in vitro

[46], facilitates the development of I[VF-derived
bovine § — 8 cell embryos to blastocysts when it
is ineluded in culture mediat™

The metabolism of glucose increases markedly
from the 2 —cell to the blastocysts stage in mam-
malian embryosi8-9  For bovine embryos,
glucose is essential for blastocysts forma-
tion!+ 15 24.61. 32 and hatching process®® as
increased glucose uptake and metabolism, How-
ever, the requirement for glucose is controversial
and is dependent on embryonic stages, It has
been demonstrated that a high (3 — 5 mM)
glucose in culture media inhibits the develop-
ment of hamster?3! sheep??’, pig*® and cattle??
embryos, On the other hand, glucose (<3 mM)
is necessary at the later stage of embryo devel-
opment in sheep?® and cattle!'1 15 29 The
addition of glucose (2 78 or 5, 56 mmM) at Day 5
after insemination increased the development of
blastocysts and their expansion when a simple
chemically defined, protein-free medium (mTAL-
P} or the medium supplemented with either
BSA or calf serum!®, However, in conirary to
our previous study?4’ and the other studies!4: 5%,
the increase of glucose level (from 0, 44 to 1, 94
mM) at Day § after insemination was not bene-
ficial for the development to expanding and
hatched blastocysts in the present study. Also,
the addition of glucose (1, 5 mM) originally in-
cluded in SOFM did not inhibit cleavage and
development rates, In the present study, SOFM
was supplemented with 109 HS containing 0, 44
mM glucose, glutamine, and taurine, and the
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inhibitory effect of glucose appears to be pre-
vented by the presence of amine acids®*? includ-
ing taurine,

When culture medium was supplemented with
ghuitamine and ~or amino acids, the renewal of
medium every 48 h during the culture duration
is necessary, as discussed earlier, In the present
study, however, the beneficial effect of renewing
culture medium has not confirmed. Some rea-
sons considered for this controversy would be
different culture methods in the present and other
studies. Most workers!8: 28 31. 32 have cultured

4 — 10 embryos per drop (20—30 z£I) covered
with oil using SOFM supplemented with BSA

(8 mg,ml) and amino acids, On the other
hand, in the present study, 10—15 zygotes were
cultured in 24 —well plate containing 0, bml SOFM
containing HS, glutamine, EAA and taurine
without oil, Gardner et al 3 measured the level
of ammonium in a 20— gl drop of medium con-
taining all of the Eagle’s amino. acids and found
a liner increase in ammonium concentrations
with culture time, Although the ammonium levels
in the medium during IVC was not determined
in the present study, a large volume of the cul-
ture medium containing HS and an open system

(24 — well plate without oil) in the group cul-
ture of embryos would be some reasons which
had not been found the advantage of renewal of
culture medium, regardless of the additional
glucose, Embryos cultured in groups appears to
be stimulated by an autocrine and “or paracrine
factors produced in the culture?S- 3!- 55 These
factors may be beneficial to embryos when
ammeonium concentration in the medium is in-
creasingh? 58 !

The purpose of the present study was to develop
an optimal culture medium for 1VC of 1VF-de-
rived bovine zygotes in proceeding Experiments
lto 5, so that we have not investigated interac-
tions of nutrients examined (glutamine and /
or amino acids X insulin, glucose levels X tau-

rine and Zor hypotaurine, and others), Further

detailed roles of each energy source and their
interactions should be examined in a chemically
defined medium in future research,

Viability of blastocysts developed in the pre-
sent study was investigated by the proportions
of expanding and hatched blastocysts, The ulti-
mate proof of the viability of embryos developed
in vitro is pregnancy following transfer!’, but
this has not been easy all the time to organize a
large scale of iransfer irials, Greve et al, !’ sug-
gested that the capacity of blastocysts to hatch
in vitro is known to be a critical point in devel-
opment and an indicator of good viability, Not
only the hatching process, but also post-thawing
capacity of frozen embryos developed in witro
should be included in future research to assess
the developmental capacity, unless a transfer
trial is performed,

In conclusion, the present results indicate that
additions of glutamine, EAA and taurine in
SOFM supplemented with 109 HS improve the
in vitro development of IVM—and IVF —derived
bovine oocytes. For the culture after IVF, the
addition of glucose and renewal of the medium
every 48 h are unnecessary in the present culture
method,
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