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ABSTRACT

The reactive oxygen species is the most radical species of free radicals in biological
systems which causes damage to DNA, proteins, and lipids. Therefore, free radical scavengers (such as
vitamin E, glutathione, flavonoids, superoxide dismutase (SOD), glutathione peroxidase, and more) are
essential to prevent abnormalities caused by oxidative stress. Because of this, antioxidants have been
studied in attempts to find new antioxidants, to improve antioxidant activity, and to develop extraction
yield as well as extraction processes. Our studies herein report the synthesis of antioxidant molecules
based on copper pyridine complexes and the extraction of materials for antioxidants by molecularly
imprinted polymer (MIP) and clicked boronic acid affinity Sepharose. Copper complexes of nicotinic acid
(vitamin B3) with general metabolites were successfully synthesized. All complexes were characterized
as tetragonally distorted geometries. The complexes exhibited superoxide-scavenging activity also known
as SOD mimic. The SOD activities of the complexes were in the range of 34.42-130.20 uM. The best
SOD mimic was the copper complex of nicotinic acid with phthalic acid. Moreover, the complexes also
demonstrated having antimicrobial activity against B. subtilis ATCC 6633 and C. albicans ATCC 90028
with an MIC range of 128-256 pg/mL. A computer simulation was also applied to study the correlation
between quantum chemical parameters and SOD activity. The results showed that the SOD activities of
the complexes were well correlated with electron affinity (EA), highest occupied molecular orbital
(HOMO) energy, and lowest unoccupied molecular orbital (LUMO) energy. In addition, this thesis also
developed an extraction method based on molecularly imprinted polymer (MIP) for antioxidant
separation. The MIP was used to generate binding pockets in the polymers by providing a specific cavity
for tocopherol (vitamin E) and tocopherol acetate. The imprinted polymers for tocopherol (MIP-TP) and
tocopherol acetate (MIP-TPA) were successfully prepared by using a bulk polymerization method.
Moreover, tocopherol-imprinted polymer (MIP-TP) was also synthesized by the precipitation
polymerization method. The MIP-TP displayed a two-fold greater binding capacity than the
corresponding non-imprinted polymer and also exhibited specific binding with tocopherol as compared to
MIP-TPA. While MIP-TP nanospheres were able to bind to the tocopherol template approximately 1.22-
1.57 times greater as compared to the non-imprinted polymer, the highest binding capacity of the
nanospheres was 1.85 times greater than the imprinted and non-imprinted polymer in the optimal
rebinding solvent of ethanol:water (8:2, v/v). Furthermore, novel clicked affinity ligand based on boronic
acid was successfully synthesized. The ligand was coupled to azide-functionalized Sepharose using a
Cu(l)-catalyzed 1,3-cycloaddition reaction called click reaction. In this thesis, two common glycoproteins:
ovalbumin and ribonuclease B (RNase B), were used as models of glycosylated and glycated
biomolecules. Compared to unmodified Sepharose, the new clicked Sepharose showed good efficiency for
glycoprotein separation in the presence of non-glycoproteins: bovine serum albumin (BSA), RNase A and
crude bacterial proteins. The SOD mimics are expected to be useful as potential candidates for
antioxidative therapeutics. The methods for bioseparation present an effective model for extracting
antioxidants.
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