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ABSTRACT

Novel analytical methods involving biochemical species and/or biochemical
reactions based on flow based system have been developed. These systems include 1)
rapid guantitative analysis of serum bone alkaline phosphatase as a biomarker for
bone related diseases, 2) automatic and fast analysis for investigation of inhibitory
activity of antioxidant in the lipid peroxidation process and for the determination of
lipid hydroperoxide as a parameter of oil quality control, 3) precise and automatic
system for study kinetics of an enzyme and for the determination of hydrogen
peroxide and 4) simple, automatic and rapid system to detect direct bilirubin and for
successive evaluation of direct bilirubin together with creatinine for liver function

test.
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A rapid automatic flow injection-bead injection (FI-BI) system was introduced
for the assay of serum bone alkaline phosphatase (BALP) in different groups of
patients to evaluate its effectiveness as a biomarker of bone cancer. The assay was
based on specific interaction of BALP with wheat germ coated beads. Activities of
BALP in osteosarcoma were compared to those in metastasis and sarcoma groups and
also to those previously reported in osteoporosis patients. The FI-Bl technique
successfully quantitated BALP in human serum in approximately 15 min/sample as
compared to 2~3 h using conventional ELISA. Based on statistical calculations,
abilities of the FI-BI system and ELISA kit to distinguish normal from osteosarcoma
group appeared to be comparable. The average and median of BALP levels found in
various sample groups are significantly different and can be placed in the order of
high to low as follows; osteosarcoma> sarcoma> metastasis>osteoporosis> normal.

Spectrophotometric sequential injection (SI) system for investigation of
inhibition property of antioxidant compounds in lipid peroxidation process was
developed with the reduction in analysis time and enhancement in the automation.
The linoleic acid was used as a model system which was initially oxidized by 2,2’-
azobis(2-methylpropionamidine) dihydrochloride (AAPH) free radical to obtain lipid
hydroperoxide. After that, lipid hydroperoxide was detected by ferric thiocyanate
method. Amount of lipid hydroperoxide could be decreased in the present of
antioxidants in the lipid peroxidation process, as it is believed to play a role of an
inhibitor in oxidation of lipid. Chemical and physical parameters were examined to
increase the analytical performance of this system. For selected conditions, the SI
system could complete the operation in approximately 10 min/cycle including

oxidation/anti-oxidation linoleic acid and detection lipid hydroperoxide steps. This
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resulted in shorter analysis time of 10 min per sample instead of 5 h for batch-wise
procedure. The results of inhibitory concentration at 50% (ICsp) and trolox equivalent
antioxidant capacity (TEAC) provided from the developed system were well
correlated with those results achieved by batch-wise procedure. Moreover, the
developed SI system should be a good alternative for the determination of lipid
hydroperoxide which is one of the parameters for oil and fat quality control based on
ferric thiocyanate method. Benzoyl peroxide was appropriately used to make the
standard calibration graph for the determination of lipid hydroperoxide. Linear range
was up to 0.5 mM with a limit of detection (LOD) (3c) of 0.015 mM of benzoyl
peroxide. Relative standard deviation (RSD) of 1.3% was achieved at 0.3 mM for 11
injections and %recoveries were found to be in the range of 97.2-99.5%. The lipid
hydropeoxide contents in 8 edible oil samples obtained by this method agreed well
with that of batch-wise American Oil Chemists' Society (AOCS) method.

A sequential injection-lab-at-valve (SI-LAV) segmented flow system for
Kinetic study of an enzyme was developed. Air segments were introduced for
separation of enzyme and substrate zones and separation of the stacked zones from
the carrier solution. This ensures the measurement of the initial rate and minimizes
the dilution/dispersion effect. The open-ended mixing chamber makes it possible to
use air segments in the flow system without the need for additional air segment
discarding steps. The Kkinetic parameters for the enzyme horseradish peroxidase
(HRP) based on initial rate was used as a model study. The operation of the system is
virtually the same as that of the conventional batch-wise process. The Kkinetic
parameters (i.e. Km and Vmax) of HRP obtained using the proposed system agree

well with those obtained using the batch-wise process. The proposed system offers



additional benefits in volume down scaling, improved rapidity and automatic features
that does not require a skillful operator. SI-LAV segmented was successfully applied
for quantification of hydrogen peroxide in chemical disinfectants and hair bleaching
solution, based on catalytic oxidation of white radish (Raphanus sativus) peroxidase
which is an alternative source of low cost plant peroxidase enzyme. A calibration
graph could be performed in the range of 0-0.1 mM of H,O, with LOD (3c) of 3.8
uM. This flow system offered fast analysis (20 sample h™). Coefficient of variation
(CV) was less than 2% for 0.03 mM with 11 runs. Therefore, SI-LAV air segmented
flow system with white radish peroxidase can be used as a low cost and green
chemical analysis alternative method for the detection of hydrogen peroxide for
routine quality control.

A novel simultaneous injection effective mixing analysis system (SIEMA)
with three channels for determination of direct bilirubin in urine sample was
developed. Bilirubin reacts with diazotized sulfanilic acid in the presence of n-octyl-
S-D-thioglucoside (OTG) as a solubilizing agent to form OTG-azobilirubin. The flow
and chemical variables were investigated. A linear calibration graph for direct
bilirubin was obtained over the range of 0-1.0 mg L' (r* = 0.994) with LOD (3c) of
4.7 ug L', and RSD being 1.9% of 0.5 mg L' of direct bilirubin (n = 11). The results
in healthy adults urine obtained by the proposed approach were found in good
agreement with those obtained by the batch-wise diazo method. Another
configuration with four channels of SIEMA for successive determination of direct
bilirubin and creatinine in urinary samples was further developed. Azobilirubin and
creatinine-picrate complex were sequentially monitored at 535 nm. The calibration

graphs were achieved up to 5.0 mg L™ for direct bilirubin and 100 mg L™ for



creatinine. RSDs of direct bilirubin (3 mg L™) and creatinine (50 mg L™) for 11
replications were 1.5% and 1.0% respectively. LOD (3c) was obtained 7 pg L™ for
direct bilirubin and 0.6 mg L™ for creatinine. The sample throughput for stepwise
detection was 33 h™. The proposed method was successfully applied to the successive
determination of direct bilirubin and creatinine in healthy urine samples. The results
of direct bilirubin concentrations agreed well with those obtained by vanadate
oxidation method. Direct measurement of direct bilirubin and creatinine by this

method offered useful information on direct bilirubin/creatinine ratio.
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