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INFLUENCE OF GLUCOSE ON INVITRO DEVELOPMENT RATE OF
Mus domesticus domesticus 1-CELL STAGE EMBRYOS IN HEPES SUPPLEMENTED
KSOM OR HTF MEDIA

INFLUENCIA DA GLICOSE SOBRE O DESENVOLVIMENTO /N VITRO DE EMBRIOES
Mus domesticus domesticus A PARTIR DO ESTADIO DE 1-CELULA EM MEIO KSOM OU HTF
SUPLEMENTADO COM HEPES

LEANDRO FRANCISCO BASILE' & JOSE LUIZ RODRIGUES?

ABSTRACT

In spite of the considerable progress obtained in
the past decades with the in vitro techniques for the culture
of mammalian embryos, the development of one-cell embryos
to the stage of hatching blastocyst was accomplished only in
a few species. The mechanism throughout glucose would
exert this inhibitory effect on the in vitro development of
mammalian embryos is not clear yet.The objective of these
experiments was to determine influence of glucose on the in
vitro development rate of Mus domesticus domesticus (CF1
vs. Swiss strain) one cell embryos to hatched blastocysts
cultured in KSOM or HTF media supplemented with HEPES.
In the first experiment, the embryos were exposed to glucose
(0,20 mM in KSOM and 2,78 mM in HTF) since the start of the
culture. In the second experiment, the embryos were trans-
ferred to droplets of medium with glucose 24 h after the be-
ginning of the culture, and in the third experiment, the trans-
fer of embryos was carried out after 48h of culture. In experi-
ment 1, 61.7% (261/423) and 53.5% (176/332) of the embryos
cultured in KSOM and HTF media, respectively, reached the
hatched blastocyst stage. In experiment 2, the addition of
glucose after 24h led to a higher embryo development rate in
KSOM (59%, 134/227) than in HTF (40.0%, 79/197). In experi-
ment 3, 50.8% (233/458) of the embryos cultured in KSOM
and 50.8% (248/488) of those cultured in HTF reached the
stage of hatched blastocyst. The absence of glucose 24 and
48 hours after the beginning of the in vitro culture did not
increase the capacity of cultured embryos to reach the hatched
blastocyst stage.
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RESUMO

O desenvolvimento de embrides mamiferos, do
estadio de uma célula ao de blastocisto expandido, apesar do
consideravel progresso obtido nas ultimas décadas com as
técnicas de cultivo in vitro, foi reportado em um niimero
reduzido de espécies. O objetivo dos experimentos foi
determinar a taxa de desenvolvimento in vitro de embrides
Mus domesticus domesticus, (CF1 x SWISS) do estadio de 1-
célula ao de blastocisto eclodido, cultivados em KSOM ou
HTF, suplementados com HEPES, realizando-se a adi¢@o da
glicose em diferentes momentos do cultivo. No primeiro
experimento, a glicose esteve presente durante todo o periodo
de cultivo in vitro. No segundo experimento, os embrides
foram transferidos para as gotas de meio com glicose 24h
apos o inicio do cultivo e, no terceiro experimento, realizou-
se a transferéncia dos embrides apds 48h de cultivo. No
experimento 1 eclodiram 61,7% (261/423) e 53,5% (176/332)
dos embrides cultivados nos meios KSOM e HTF,
respectivamente. Por outro lado, no experimento 2, o cultivo
em meio com glicose adicionada ap6s 24h de cultivo,
proporcionou desenvolvimento superior aos embrides
cultivados em KSOM (59%, 134/227) em relagdo aos mantidos
em HTF (40,1%, 79/197). No experimento 3 eclodiram 50,8%
(233/458) dos embrides cultivados em KSOM e também 50,8%
(248/488) dos cultivados em HTF. A auséncia de glicose por
periodos de 24 e 48 horas a partir do inicio do cultivo in vitro,
ndo proporcionou um aumento na capacidade dos embrides
cultivados em alcangarem o estadio de blastocisto eclodido.

Descritores: camundongo, embrido, blastocisto, cultivo,
HEPES.
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INTRODUCTION

In spite of the considerable progress obtained
in the past decades with the in vitro techniques for
the culture of mammalian embryos, the development
of one-cell embryos to the stage of hatching blasto-
cyst was accomplished only in a few species [15].
As early as 1968, Whitten and Biggers [30] described
a developmental block at the two-cell stage in Mus
domesticus domesticus embryos on in-vitro cultures.
Several years later, it was suggested that the block
phenomenon might be caused by inappropriate con-
centrations of culture medium constituents [20].
These inappropriate culture conditions would result
in changes in the expression of the maternal genome,
as well as in inadequate activation of the embryonic
genome.

In a previous study [1], it was observed a de-
velopmental block at the two-cell stage in all cleaved
embryos cultured in either KSOM (n=187) or HTF
(n=202) and supplemented with 20% of bovine fetal
serum (BFS). With the objective of providing condi-
tions for the embryos to overcome the two-cell block,
KSOM and HTF were modified by adding HEPES
and by replacing BFS with bovine serum albumin
(BSA).

The presence of glucose in the culture me-
dium could affect the expression of certain genes,
which in turn would lead to the blocking of embry-
onic development [7]. The maternal genome (prob-
ably cytoplasmic factors) has been shown to have a
role in the two-cell block [16]. The injection of one-
cell embryo cytoplasm of “non-blocking” strains into
one-cell embryos of “blocking” strains revealed that
small percentages of enzymes or mRNA were suffi-
cient for the embryos to overcome the 2-cell
developmental arrest [23]. It was stated that the block
occurs when the embryonic genome takes charge of
development [20].

The mechanism throughout glucose would ex-
ert this inhibitory effect on the in vitro development of
mammalian embryos is not clear yet. Several authors
[26,27] proposed that glucose inhibits the activity of
the Krebs Cycle by means of a phenomenon known
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as ‘Crabtree effect’[12],i.e., by inducing an increase
in glycolytic activity, thus expending the ATP reserve
required for oxidative phosphorylation. The inhibitory
effect of glucose on embryonic development has al-
ready been described in hamsters [26], in bovines [29],
and in humans [11]. However, in the in-vitro culture
of swine embryos, this effect was not observed [24].

The interaction of glucose with some compo-
nents of the culture medium, such as NaCl, glutamine,
amino acids, phosphate, lactate, and pyruvate, deter-
mines the presence or absence of an inhibitory effect
[8,17, 21,27, 28] . These observations show that the
response of the embryo to the presence or absence of
glucose is not homogeneous; it is dependent on strain
and breed, as well as on the constituents of the me-
diumused [21, 22, 26].

More recently, through the use of a factorial
design to examine the effects of 16 combinations of 4
glucose concentrations and 4 potassium di-hydrogen
phosphate concentration, it was not observed any sig-
nificant effects of glucose on blastocyst formation and
initiation of hatching. The results also showed, no sig-
nificant interaction between the effects of glucose and
phosphate [4].

The objective of this work was to assess the
development of Mus domesticus domesticus embryos
from the one-cell stage to the stage of hatching
blastocyst in KSOM or HTF media supplemented with
HEPES and exposed to glucose concentrations at
different periods of time during the in vitro culture.

MATERIALS AND METHODS
Animals

The embryos were produced by crossing 6
to 8 week old females of the CF1 strain with males
from the Swiss strain. The animals were provided
by the State Health Research Foundation
(Fundagdo Estadual de Pesquisa em Saude da
Secretaria de Satide e Meio Ambiente do Estado
do Rio Grande do Sul, Porto Alegre, Brazil), and
were maintained in facilities with controlled lighting
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(14 hlight : 10 h dark), constant ventilation and tem-
perature between 18 and 22° C. Water and feed
were administered ad libitum.

Media

Modified phosphate buffered saline (PBSm)
was employed for collection of the one-cell embryos
[13, 31]. The embryos were cultured in KSOM [20,
25] or HTF [25] supplemented with 4mg/ml of BSA
and 25 or 20mM of HEPES, respectively (Anexx 1).
In experiment 1, glucose (0,20 mM in KSOM and
2,78 mM in HTF) was present in the media in all
phases of the embryonic culture. In experiment 2,
the embryos were transferred to the glucose-con-
taining media after 24 hours of culture, and in
experiment 3, the embryos were transferred after 48
hours.

The salts were weighed on an analytical bal-
ance!, and later diluted in ultra-purified water?. Os-
molarity values were between 270 and 290 mOsm/
kg®. The pH* was adjusted to values between 7.10
and 7.20 [6]. The culture media were filtered through
0.22 mm pore membranes’, and maintained at 4° C
for a maximum of two weeks.

Superovulation

CF1 females were superovulated by intrap-
eritoneal injection of 10 IU of equine chorionic gona-
dotropin (eCG?®), followed by 10 IU of human chori-
onic gonadotropin (hCG’) after 46 h. Immediately af-
ter the second injection, the females were placed with
Swiss strain males of proven fertility. The presence
of'a vaginal plug 18 hours post hCG was the signal of
mating occurrence.

Collection of Embryos

For embryo collection, the females were sac-
rificed by cervical dislocation 30 hours post hCG.
The oviducts were removed and maintained in a
PBSm solution supplemented with 20% of BFS. After
the oviducts were teased using a 30G needle, the
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one cell embryos were identified under stereomi-
croscope (40X). The cumulus oophorus cells were
removed by exposure to 300 IU/mL of hyalu-
ronidase® for 20 seconds. After that, the embryos
were washed 5 times in PBSm and 3 times in either
KSOM or HTF medium before they were placed
into culture droplets.

Culture Conditions

Groups of 20 embryos were cultured in 50 ml
droplets of medium under mineral oil® in a 35 mm-
diameter Petri dish’ for 120 h. The dishes containing
the embryos were placed in an incubator'® at 37 °C,
in an humidified environment of 5% CO, in air hu-
midity, and the development of the cultured embryos
was assessed every 24 hours.

Statistical Analysis

The viable embryos of each donor were ran-
domly distributed among the treatments. Each ex-
periment was replicated at least twice, by the same
investigator. The data were analyzed using chi-square
test (X?) and values were considered significant at
P< 0.05.

RESULTS

Table 1 shows the percentage of embryos that
developed in the presence of glucose since the be-
ginning of the in-vitro culture. Embryonic develop-
ment, assessed at the four-cell stage, blastocyst stage,
expanding blastocyst stage, and hatching blastocyst
stage was similar in both KSOM and HTFculture
media.
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Table 1. Development of one-cell Mus domesticus domesticus embryos in either KSOM or HTF media supplemented
with 25 or 20 mM of HEPES, respectively.

Expanded Hatched
1-cell 4-cell Blastocyst
blastocyst blastocyst
Media n n % n % n % n %
KSOM 423 375° 88.6 304° 71.8 2942 69.5 261° 61.7
HTF 332 90* 87.3 247 744 2420 72.9 176 53.0

4 Values with different superscripts in the same column indicate statistical difference (P>0.05).

Until the 4-cell stage, the development rates of embryos cultured in either KSOM or HTF media and
exposed to glucose-containing media (0,20 mM in KSOM and 2,78 mM in HTF) after 24 h of culture did not
show any significant difference at the 4-cell stage. However, starting at the blastocyst stage, the efficiency of
the HTF medium to promote embryonic development was significantly reduced in relation to KSOM (Table 2).

Table 2. Development of one-cell Mus domesticus domesticus embryos in either KSOM or HTF media supplemented
with HEPES and exposed to glucose after 24 h of culture.

4 Expanded Hatched
1-cell -cell Blast t

e e U blastocyst blastocyst
Media n n % n % n % n %
KSOM 227 187* 82.4 156  68.7 147 64.7 1342 59.0
HTF 197 159* 80.7 101* 512 90? 45.7 79* 40.1

&b Values with different superscripts in the same column indicate statistical difference (P>0.05).

The transfer of 4-cell embryos to the glucose-containing media 48 h after the beginning of culture
resulted in similar embryonic development in both culture media (Table 3).

Table 3. Development of one-cell Mus domesticus domesticus embryos in either KSOM or HTF media supplemented
with HEPES and exposed to glucose after 48 h of culture.

P Expanded Hatched

- = Blastocyst

I-cell c IR blastocyst blastocyst
Media n n % n % n % n %
KSOM 458 400* 87.3 332 72.5 314*  68.5 233 50.8
HTF 488 428 87.7 328 67.7 319* 653 248 50.8

&b Values with different superscripts in the same column indicate statistical difference (P>0.05).

82



Basile L.F. & Rodrigues J.L. 2002. Influence of glucose on in vitro development rate of Mus domesticus domesticus
1-cell stage embryos in hepes supplemented KSOM or HTF media. Acta Scientiae Veterinariae. 30: 79- 85.

DISCUSSION

Several experiments [10, 18] have shown that
one and two-cell embryos accumulate glycogen, with
is progressively released, and that glucose isused as a
primary energetic source after compaction. Other au-
thors [21] suggested that during the embryonic pre-
implantation stages, glucose is metabolized under dif-
ferent metabolic routes. Glucose may also be stored
as glycogen and destined to the Krebs cycle, and it
may be expended in the glycolytic route, depending on
enzymatic activity.

An inhibitory effect of glucose on the in vitro
development of human embryos during initial devel-
opment stages has also been observed with Earle’s
medium [11]; contradictory to that, the presence of
glucose was found to be necessary after the eight-
cell stage. The consumption of glucose was minimal
(8 pmol/embryo/hour) in the first 48 h, increasing sig-
nificantly (p<0.001) after the fourth (20 pmol/embryo/
hour) and fifth culture days (34 pmol/embryo/hour).
Better results were obtained on the development of
murine embryos when glucose was added to the me-
dium after the embryonic genome had been activated
at the 4-cell stage [9].

Other studies [3] suggested that the devel-
opment block is caused by interruption of most tran-
scription processes after the first cleavage, and is
characterized by degradation of maternal mRNA
and by activation of the embryonic genome at the
end of the two-cell stage, leading to drastic changes
in protein synthesis. Studies on the in vitro devel-
opment block in hamster embryos [26, 27] proposed
that glucose probably inhibits the activity of the
Krebs cycle by means of the ‘Crabtree effect’ [12].
Seshagiri and Bavister [27] stated that the presence
of'both glucose and intracellular phosphate (Pi) may
stimulate glucolysis at three different levels: while
glucose functions as the substrate for glycolysis, Pi
stimulates the production of glycolytic enzymes (hex-
okinase, phosphofructokinase, and glyceraldehyde
3-phosphate dehydrogenase) and is also used in phos-
phorylation reactions. This network effect directs
Pi to glucolysis, causing a destabilization of mito-
chondrial metabolism, and may result in decreased
ATP production, leading to a decrease or block in
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embryo development. In the absence of glucose, Pi
may stimulate the breakdown of the stored glyco-
gen, forming 6-phosphate glucose. Once again,
stimulating glucose and deviating Pi would result in
insufficient production of ATP and in inhibition of
embryonic development. However, in the absence
of exogenous phosphate, the glycolytic route is prob-
ably not stimulated.

On the other hand, these statements have
been disputed by researchers [2] who claim that 1)
the activation of the embryonic genome occurs pro-
gressively during the entire preimplantation period.
Therefore, it is unlikely that the block would occur
during a specific developmental stage; 2) in several
species, the block coincides with the transition of
the development stages from the oviduct to the
uterus; and 3) the inadequate production of energy
due to inappropriate concentrations of culture me-
dium constituents or energetic substrates or, still, the
production of toxic components and free radicals
that can cause damage to the cellular membranes,
elevate the intracellular pH and/or alter mitochon-
drial function.

In experiment 1 (Table 1), the embryonic de-
velopment in glucose-containing KSOM or HTF me-
dia supplemented with HEPES was uniform, provid-
ing conditions for hatched blastocyst rates above 50%.
As observed by others [14, 21] who compared KSOM
with other culture media, in the present study the pres-
ence of glucose in a medium supplemented with
HEPES did not inhibit the development of Mus
domesticus domesticus embryos from the one-cell
stage to the hatched blastocyst stage.

The culture of one-cell embryos for either 24
or 48 hours in glucose-free media (Tables 2 and 3) did
not influence the capacity of the embryos to develop
to the stage of blastocyst. The analysis of the hatched
blastocysts rates in the three experiments reveals that
the embryos cultured in KSOM had a tendency to have
their hatching capacity reduced when exposed to glu-
cose after 48 hours of culture (50.8%) when com-
pared to the embryos exposed to glucose from the start
of culture (61.7%). In turn, the embryos cultured in
HTF reached hatching unevenly; after 24 hours, vi-
ability was reduced in the group of embryos exposed
to glucose (40.1%). This was not observed in the group
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of embryos exposed to glucose 48 hours after the be-
ginning of culture, since 50.8% reached hatching.

CONCLUSIONS

The strategy of exposing embryos to glucose
at different moments of in-vitro culture did not prove
to be efficient to increase the rates of development of
hatching blastocysts. HEPES-supplemented KSOM or
HTF in the presence of glucose allowed the in vitro
embryonic development of one-cell Mus domesticus
domesticus embryos to the hatched blastocyst stage.
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