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ABSTRACT

Astaxanthin is a kind of carotenoid compounds, having a antioxidant and anti-inflammatory activities. The
antioxidative mechanism by which carotenoid scavenge free radicals has been clearly elucidated, but has not tried
for the development of mammalian preimplantation embryo. This study was conducted to investigate the
antioxidative effect of astaxanthin on in vitro development of porcine in vitro fertilized embryos. Porcine embryos
derived from in vitro fertilization (IVF) were cultured in 5% CO; in air at 38.5TC in PZM-3 medium supplemented
with different dosages of astaxanthin (0, 1, 5 and 10 uM) and taurine (0, 1, 2.5 and 5 mM) as a positive control,
and execute to compare the effects of various antioxidants such as taurine, melatonin and asculatin on in vitro
development. The proportions of embryos developed to the blastocyst stage were increased when 1 and 5 uM of
astaxanthin (26.6 and 23.4%, respectively) and 1 and 2.5 mM taurine (25.8 and 26.4%, respectively) were supple-
mented, compared to controls (p<0.05). Also, various antioxidant-treated groups were significantly higher rates of
blastocysts (astaxanthin, 27.4%; taurine, 29.1%; melatonin, 26.8%; aesculetin, 27.9%, respectively) than control
(18.8%). There was no difference in mean cell number of blastocysts between antioxidants and control. This result

indicates that astaxanthin has an antioxidant feature when porcine IVF embryos were cultured in vitro.
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INTRODUCTION

One factor believed to impact in vitro embryo deve-
lopment is oxidative stress. The production of damage
caused by oxidative stress in cells, as well as the pro-
tective mechanisms invoked by cells under oxidative st-
ress, have been studied (Mortensen et al, 1997; Liveing-
ston ef al, 2004). Some researchers have suggested a
highly relationship between embryonic developmental
arrest and an increase in free radical formation in
embryos culture in vitro (El-Hage and Singh, 1990), but
the antioxidant mechanisms in embryo culture have
been, and still are, a matter for discussion.

Little information is available concerning antioxida-
tive defense for in vitro culture of preimplantation em-
bryos. Embryo protection against reactive oxygen spe-
cies (ROS) depends, in part, upon an endogenous pool
of antioxidant enzymes, stored as mRNA in the oocyte
during oogenesis (Harvey et al, 1993). It appears that
variations in maternal mRNA synthesis or accumula-

tion during oocyte maturation may affect the in vitro
development of the embryo until zygotic gene activated
(Piko and Clegg, 1982; Telford ef al, 1990). A drop
below a critical threshold may lead to developmental
arrest. Embryo culture in media supplemented with
ROS scavengers and metal chelators, which are nor-
mally present in the genital tract, has been shown to
promote bovine embryo development (Johnson and Na-
sr-Esfahani, 1994; Ranina ef al, 2002).

Astaxanthin is one of the carotinoid and found pri-
marily in crustacean. In general, carotinoid have been
known to have antioxidant activity and contained in
various food sources so used as a dietary supplement
(Kobayashi, 1999). Astaxanthin is -also known to have
antioxidant properties in chicken embryo fibroblasts in
in vitro systems (Lawlor and O'Brien, 1995; Kobayashi,
1999). However, whether or not astaxanthin exerts its
effects on embryo development in pig has not been att-
empted.

The aim of the present study was to examine the
effect of astaxanthin on the in vitro development of por-
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cine IVF embryos under 20% O, conditions.

MATERIALS AND METHODS

Culture Media

The maturation medium for the first 22 hr of in vitro
maturation, designated IVM-1, was PZM-3 (Yoshioka et
al, 2002) with 10% pFF, 0.57 mM cysteine, 20 mM
Hepes, 10 IU/ml eCG and 10 IU/ml hCG. For the se-
cond 22 hr of maturation (IVM-II), the same medium
without eCG and hCG was used. The fertilization me-
dium (IVF-medium) was modified Tris-buffered medi-
um (mTBM, Abeydera and Day, 1997) containing 2
mM caffeine and 0.1% BSA. Embryo culture medium
was PZM-3 medium supplemented with 0.4% BSA.
All chemicals used in this study were purchased from
Sigma-Aldrich (St. Louis, MO, USA) unless otherwise
stated.

In Vitro Maturation of Oocytes

Porcine ovaries obtained from a local slaughterhouse
were transported at 37C in 0.9% NaCl solution to the
laboratory. Cumulus-oocytes complexes (COCs) were
collected from ovarian follicles (2~5 mm in diameter)
and then 20~25 oocytes were cultured in IVM- I and
IVM-II medium for each 22 hr. After maturation, the
COCs were washed and placed in culture medium,

In Vitro Fertilization and Embryo Culture

After maturation, 20 oocytes were introduced into a
50 ul droplet of IVF medium covered with mineral oil.
Frozen semen was thawed in water bath at 37C and
spermatozoa were washed twice by centrifugation at
1,500 rpm for 10 min and resuspended with IVF me-
dium to give a concentration to 2x10° spermatozoa/ml,
and 50 pl of the sperm suspension was add to 50 ul
of the fertilization drops containing ococytes. Six to seven
hours after insemination, the spermatozoa bound to the

oocytes were removed and cultured in 100 pl of cul-
ture medium for 40~44 hr at 3857C, 5% CO, in air.
After culture, 2- to 8-cell embryos were freed of cumu-
lus cells by repeated pipetting and randomly allotted
in each experimental culture drop. Embryos were cul-
tured in culture medium with different concentration of
astaxhantin (0, 1, 5 and 10 uM) and taurine (0, 1, 2.5
and 5 mM). In anothor experiment, embryos were
cultured in culture medium with astaxanthin (1 pM),
taurine (2.5 mM), melaronin (1 nM) and asculetin (1
ug/ml). For 6 to 7 days of culture, the embryos were
evaluated for appearance and stage of development.
Blastocysts were examined the cell number with Hoe-
chst stain.

Statistical Analysis

The SAS mixed linear model program was used to
analyze the data. Percentage of developmental stage
was based upon the number of premorulae (2- to 8-
cell embryos), morulae and blastosysts cultured in each
treatment. Treatment means were compared for diffe-
rences by Duncan's modified multiple range test.

RESULTS

The developmental rates and cell number of por-
cine embryos generated in PZM-3 medium supple-
mented with astaxanthin as antioxidant are summa-
rized in Table 1. A significantly higher percentage of
blastocysts were obtained in PZM-3 medium supple-
mented with 1 and 5 pM astaxanthin groups than
control and 10 uM astaxanthin groups (p<0.05). There
was no difference in mean cell number of blastocysts
among groups.

The developmental rates and cell numbers of porcine
IVF embryos cultured in PZM-3 medium containing
different dosage of taurine are shown in Table 2.
Developmental rate to the blastocyst stage in PZM-3

Table 1. Effect of astaxanthin on the development of porcine IVF embryos

. No. (%) of embryos developed to; ;
Astaxanthin No. of cultured (%) A P Ele I no. in
brvos astocysts

(V) embry Premorulae Morulae Blastocysts (mean+SE)

0 66 41 13(19.7)° 12(18.2)b 41.0+2.5

1 64 36 11(17.2y° 17(26.6)° 42.6+3.3

5 64 39 10(15.6)* 15(23.4)" 49.6454

10 64 2 10(15.6)° 12(18.8)° 43342

" Two to eight cell stage embryos were cultured.

* Values with different superscripts within columns differ significantly (p<0.05).
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Table 2. Effect of taurine on the development of porcine IVF embryos

s1

No. (%) of embryos developed to;

Taurine No. of cultured Cf i no. in
(mM) embryos blastocysts
Y Premorulae Morulae Blastocysts (mean+SE)
0 69 44 12(17.4) 13(18.8)° 39.0+1.0
1 66 39 10(15.2)* 17(25.8)° 42.3+2.1
25 68 37 13(19.1)° 18(26.5)° 41.2+14
5 69 46 11(15.9)° 12(17.4)° - 398405
" Two to eight cell stage embryos were cultured.
* Values with different superscripts within columns differ significantly (p<0.05).
Table 3. Effects of various antioxidants on the development of porcine IVF embryos
. No. (%) of embryos developed to; Cell no. in
. No. of cultured .
Antioxidants Dosage b blastocysts
€mbryos Premorulae Morulae Blastocysts (means+S.E)
Control - 85 50(58.8) 19(22.4)° 16(18.8)° 44.0+32
Astaxanthin 1 uM 84 36(42.9) 25(29.8)* 23(27.4)" 45.345.2
Taurine 25 mM 86 40(46.5) 21(24.4)° 25(29.1° 46.2+4.1
Melatonin 1M 82 49(59.8) 11(13.4)° 22(26.8)° 42.6+0.6
Aesculetin 1 pg/ml 86 46(53.5) 16(18.6) 24(27.9)° 41.8+5.6

" Two to eight cell stage embryos were cultured.

* Values with different superscripts within columns differ significantly (p<0.05).

medium with 1 and 2.5 mM taurine groups were sig-
nificantly higher than that of control group (p<0.05).
There was no difference in mean cell number of blas-
tocysts among groups.

The developmental rates and cell number of blas-
tocyst generated in PZM-3 medium supplemented with
astaxanthin, taurine, melatonin and aesculetin as anti-
oxidant are summarized in Table 3. Antioxidant-tfreated
groups were significantly higher developmental rates of
blastocysts (astaxanthin, 27.4%; taurine, 29.1%; melato-
nin, 26.8%; aesculetin, 27.9%) compare to control gro-
up (18.8%, p<0.05). There was no difference in mean
cell number of blastocysts among groups.

DISCUSSION

Mammalian embryos are unable to proceed through
preimplantation development by DNA fragmentation,
arresting and dying within a few days post fertilization
(Hardy et al, 2001). One of important factors in this
events may be oxidative stress. Recent attention for ma-

mmalian preimplantation embryo culture has been fo-
cused on ROS as major causal events for in vitro em-
bryonic arrest (Johnson and Nasr-Esfahani, 1994) and
also on the protective biochemical function of antioxi-
dants and on the mechanism of their action in bio-
logical systems.

ROS are highly reactive with complex cellular mo-
lecules such as proteins, lipid and DNA, and cause
serious dysfunction such as enzyme inactivation, mito-
condrial abnormality or DNA fragmentation (Guerin ef
al, 2001). Antioxidant and metal chelators has been
shown to promote mammalian embryo development
(Johnson and Nasr-Esfahani, 1994; Ranina et al, 2002).
But little information is available concerning antioxida-
tive defense in preimplantation embryo. ROS genera-
tion is controlled by enzymatic and non-enzymatic pro-
cess. There are two kinds of antioxidants; one is
non-enzymatic antioxidants including vitamin E, vita-
min C and Taurine (Wright ef al, 1989), melatonin
(Jang et al, 2004) and esculetin (Jang et al, 2004), and
the other is enzymatic antioxidants including super-
oxide dismutase, catalase and glutathime peroxidase,
which are produced by cells and are able to detoxify
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the free radicals.

~ The caroteonids, which are widely distributed in va-
rious foods, are considered to play an important role
as dietary antioxidants in the prevention of oxidative
damage in lining systems (Hertog and Feskens, 1993).
The caroteonids, which are lycopene, lutein, zeaxanthin,
astaxanthin and canthaxanthin, has characterized anti-
oxidants and anti-imflammatory activities (Kurashige et
al, 1990; Bennedsen ef al, 1999). Many studies have
been demonstrated that astaxanthin in vitro culture of
mammalian cell have an oxygen free radical scavenging
property and activation of cellular antioxidant defense
mechanism (Chen and Chuang, 1999; Borlongan et al,
2000).

The aim of the present study was to examine whe-
ther or not astaxanthin has a antioxidative feature on
development of porcine IVF embryos. To our know-
ledge, this is the first report in which the effect of
astaxanthin exposure has been shown to be beneficial
on the in vitro development of porcine embryos. We
found that astaxanthin improved the development rates
to the blastocyst stage when embryos were cultured in
PZM-3 medium containing low concentration of asta-
xanthin (1~5 pM). Antioxidative effect of astaxanthin
was similar to that of different antioxidant groups (tau-
rine, melatonin and aesculetin), which have highly an-
tioxidative effect on development porcine IVF embryos
(Wright ef al, 1986; Huxtable, 1992; Jang et al, 2004).
These findings demonstrate that astaxanthin stimulates
early embryo development and has a antioxidant pro-
perty. Thus the molecule action of anstaxanthin may be
involved in metabolism at certain for the formation of
blastomere compaction and blastocysts in in vitro de-
velopment of preimplantation embryos.

These results suggest that astaxanthin as antioxidant
may support the early embryo development through its
ROS scavenging action.
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