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handling of the washing bag to the final storage bag. when the washing bag is removed from the final
storage bag, the dmso content is measured. the procedure concludes with the evaluation of viability
of the cells, which is defined by the cell number after washing and the cell number before washing.

the cell viability loss is usually indicated as the percentage of reduction of cells after washing. for ucb
cells, the dmso washing method is commonly used with the final freezing media containing 10% dmso

(v/v). for human hsc, after a washing step with 10% dmso, cells are frozen using a two-step
programmable freezing protocol (1c/min down to -40c, 10c/min down to -80c and storage in liquid

nitrogen). in order to protect the cells from the free radical attack during the storage, the dmso level
has to be lowered to 5% (v/v) for the second freezing step. after thawing the cells, the viability is
determined by performing the following steps: for both hsc and ucb, the reduction of viability is

typically less than 2% (v/v) for the dmso washing method. however, for hsc, the viability reduction is
2.5% - 3.5% for the dmso washing method in comparison to the other methods, such as the two-step
programmable freezing protocol and the one-step slow freezing protocol. the inclusion of a histone

deacetylase (hdac) inhibitor, trichostatin a (tsa), was also considered an alternative for substitution of
dmso [ 81 ]. tsa was found to enhance survival and proliferation of adipose-derived stem cells (adscs)

after cryopreservation in dmso-free or dmso-based protocols and also to enhance survival of cells
after thawing [ 82 ]. as it has been suggested that tsa could have a pro-survival role in stem cells

independently of its effect on hdacs, the relationship between the chemical and biological effects of
tsa has been explored in more detail. a clear relationship between hdac inhibition and the survival of

stem cells was demonstrated by fortunoet al. [ 83 ]. tsa at concentrations from 0.1 to 10
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in order to overcome the harmful effects of
oxidative stress in freezing cells, the addition

of antioxidants has been suggested to the
freezing medium. theoretically, antioxidants

can protect cells from oxidative damage
during the freezing and thawing process. gao
et al. [ 197 ] have reported that the addition
of vitamin e (vit.e) and n-acetylcysteine (nac)

have protective effects on mouse bone
marrow mesenchymal stem cells. also they

have shown that the combination of vit.e and
nac was more effective than vit.e alone.

these data indicate that vit.e and nac can be
used as an alternative of dmso to protect

cells against the harmful effects of oxidative
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stress during freezing. to our knowledge no
experiments were performed to compare

vit.e and nac with dmso or its combination
with other cpa additives. kim et al. [ 198 ]

and kim et al. [ 199 ] have indicated that the
combination of vit.e and nac was more

effective than either antioxidant alone for the
protection of mouse bone marrow

mesenchymal stem cells against damage
caused by the freezing and thawing process.
the authors have also indicated that the use
of vit.e alone or in combination with other

antioxidants could be applied to the
cryopreservation of human hematopoietic

stem cells (hscs). the anti-freeze protein (afp)
have been described to be useful in reducing

the viscosity of water and have been
suggested as alternative to dmso or
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polymers as cryoprotectants [ 201 ]. afps are
a large family of low-molecular-weight

proteins, which have been found in
organisms ranging from viruses to plants and
animals. afps were discovered more than 50
years ago and first described in chickens [

202 ]. 5ec8ef588b
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