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Timing of the first zygotic cleavage has been used as a marker of embryo
developmental competence and subsequent viability. Previous studies showed
that embryos that cleaved early had higher developmental viability. However,
the factors contributing to timing of the first zygotic cleavage are unknown.
Energy production from mitochondria, nucleus and cytoskeletal organization
might be some of the factors involved. Amino acid metabolic profiles might
also relate with timing of the first zygotic cleavage as it has been reported
to have significant relationships with embryo viability. Thus, the present
study was designed to investigate the relationship between timing of the
first zygotic cleavage, amino acid metabolic profiles, mitochondria, nucleus
and cytoskeletal organization of mouse embryos with subsequent viability.
Embryos were retrieved from superovulated ICR mice, 28 hours after hCG
injection. At this point of time, 2-cell stage embryos were categorized as
early-cleaving (EC), while zygotes with two pronuclei as late-cleaving (LC)
embryos. Embryos were cultured overnight in M16 medium supplemented
with 3% Bovine Serum Albumin (BSA) in a humidified carbon dioxide
(CO2) incubator. For Experiment 1, both EC and LC embryos were divided
into control and treatment groups. For control group, 2-cell stage embryos
were cultured until the blastocyst stage. For treatment group, embryos were
vitrified by EFS40 or EFS20/40 method for 1 hour and warmed. The vitrifiedwarmed embryos were cultured until the blastocyst stage. The number of
surviving embryos and their development to the blastocyst were observed and
counted. For Experiment 2, 2-cell stage embryos were divided into control
(non-vitrified) and treatment (vitrified) groups. Embryos in both control and

treatment groups were fixed in 4% paraformaldehyde and immunostained to
visualize the localization and intensities of mitochondria, actin, tubulin and
nucleus. Finally, the embryos were mounted on slides and examined under a
Confocal Laser Scanning Microscope. The structures intensity were analyzed
by LAS-AF-Lite Software. For Experiment 3, EC and LC embryos were
cultured individually in 4 μl drops of KSOM/AA medium supplemented with
3% BSA. The embryos were transferred every 24 hours to fresh 4 μl drops of
KSOM/AA + 3% BSA until the blastocyst stage. The spent culture medium
was analyzed by Ultra Performance Liquid Chromatography (UPLC)
for amino acids metabolic profile. Results showed that nonvitrified and
vitrified EC embryos had significantly higher developmental viability and
higher cryosurvivability after vitrification by EFS40 and EFS20/40 method.
Confocal analysis showed that non-vitrified and vitrified EC embryos had a
significantly higher densities of mitochondria, actin and nuclear chromatin
compared with non-vitrified and vitrified LC embryos, which appear to
result in more efficient cell division, and therefore greater developmental
competence. Amino acids metabolic profile showed that EC embryos had
a significantly lower amino acids turnover compared to LC embryos in both
Day-2 to Day-3 and Day-3 to Day-4 of cultures. These findings suggest that
the higher developmental viability of EC embryos was significantly attributed
by lower metabolic activity. In conclusion, timing of the first zygotic cleavage
was associated with mitochondria, nucleus and cytoskeletal ultrastructure and
amino acids metabolic profile that affect subsequent developmental viability
and cryosurvival of embryos.
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The chitosan has been used as the primary excipient in transdermal particulate
dosage form design. This study investigated the transdermal drug delivery
profiles and mechanisms of chitosan nanoparticles and their cellular uptake
mechanisms by melanoma cells as a function of nanoparticles attributes
and pre-treatment effects of skin by microwave. Low molecular weight
chitosan of smaller size, higher zeta potential and degree of deacetylation
were obtained via microwave ligation of polymer chains at solution
state. Low molecular weight chitosan nanoparticles, loaded with free or
conjugated 5-fluorouracil, were prepared by nanospray-drying technique
with tween 20 and span 20 as additives. Folate was covalently attached
to the chitosan-carboxymethyl 5- fluorouracil conjugate when necessary
and subjected to nanoparticulation process. The transdermal drug delivery
profiles of chitosan-carboxymethyl 5-fluorouracil nanoparticles across the
untreated and microwave-treated skins (2450 MHz 5 min, 5 + 5 min; 3985
MHz 5 min) were examined, against microstructural changes of skin. Both
constituent materials of nanoparticles and drug encapsulation were required
to succeed the transdermal drug delivery. The drug transport was mediated
via nanoparticles carrying the drug across the skin and/or diffusion of the
earlier released drug molecules from skin surfaces. The drug/nanoparticles
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transport was facilitated through constituent nanoparticles, chitosandrug conjugation and microwave fluidizing both protein/lipid domains of
epidermis and dermis (O-H, N-H, C-H, C-N) and dermal trans-to-gauche
lipid conformational changes. The microwave induced marked changes
to the skin ceramide content homogeneity, whereas the nanoparticles
largely affected the palmitic acid and keratin domains. Subjecting the skin
to pre-treatment by microwave, the transdermal transport of chitosancarboxymethyl 5-fluorouracil-folate conjugate nanoparticles and their drug
exhibited a similar profile as folate-free nanoparticles. In vitro melanoma
cell culture experiments with endocytotic inhibitors suggested that the
internalization of these nanoparticles was largely associated with lipid-raft
mediated route. The internalization of nanoparticles increased with prior
treatment of melanoma cells with microwave (2450 MHz, 5 + 5 min). It
was found that microwave fluidized the lipid regime of the cell membrane
and this resulted in increased internalization of the nanoparticles. Overall,
combination of microwave and nanotechnology synergized transdermal drug
delivery and intracellular trafficking of nanoparticles through preferential
skin/cell membrane fluidization at various protein/lipid domains.
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