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Chemiluminescence of reducing agents based on the luminol reaction
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The chemiluminescence reaction of luminol with reducing agents was studied by a flow-
injection analysis. We found that reducing agents directly produce a chemiluminescence
with luminol in the presence of hexacyanoferrate (III) and hexacyanoferrate (II) as a cata-
lyst in an alkaline solution.”®  To explain the chemiluminescence of luminol with reduc-
ing agents, ESR measurements were performed. ESR showed that superoxide anion rad-
icals were generated from uric acid, dihydroxyacetone, hydroxylamine, cortisone and glu-
cose in an alkaline solution by using 5,5’-dimethyl-1-pyrroline N-oxide (DMPO) as a spin-
trap agent. The ascorbate radical was observed for ascorbic acid without DMPO. For
phenacyl alcohol, a new radical without DMPO was observed. It is reported that the
superoxide anion radical is a crucial intermediate in luminol chemiluminescence and
that the chemiluminescence is generated in the presence of free radicals.”'”"”
Therefore, it was suggested that these radicals resulted from the reducing agents in the
alkaline solution participate in luminol chemiluminescence. The detection limits
(8/N = 3) of uric acid, phenacyl alcohol, hydroxylamine, ascorbic acid, dihydroxyacetone,
cortisone and glucose were 40, 60, 70, 200, 430, 440 and 75 ng, respectively.
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Fig. 1 Flow diagram of chemiluminescence FIA
system

LS: luminol solution, HS: hexacyanoferrate (III)
solution; P: pump; D: damper; I: injector; CLD:
chemiluminescence detector; R: recorder
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Fig. 2 Chemiluminescence of reducing agents injected into the hexacyanoferrate(III) solution
stream (A) and the luminol solution stream (B)
Injection amount: uric acid, 5 ng; glucose, 5 lig; hydroxylamine, 5 ng; ascorbic acid, 25 ng;
cortisone, 50 ng; dihydroxyacetone, 50 ng; phenacylalcohol, 5 ng
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Fig. 3 Chemiluminescence for time course of reducing reagents in the loop type injector of
the hexacyanoferrate (IIT) solution stream (A) and the luminol solution stream (B)
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Fig. 4 ESR spectra for reducing agents
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Blank: DMPO in 200 mM NaOH. Uric acid, glucose, hydroxylamine, cortisone and dihydroxy-
acetone were dissolved in 200 mM NaOH and then DMPO was added. Phenacyl alcohol and

ascorbic acid were dissolved in 200 mM NaOH.
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Table 1 Calibration curves and detection limits for reducing agents

Reducing agents Calibration curves (per injection) Detection limits(S/N = 3)
Uric acid Y=1.891X+0.545 (# =0.996) 200 pg~10 ng 40 pg
Phenacyl alcohol Y=0.800X +0.536 (+* =0.997) 200 pg~10 ng 60 pg
Hydroxylamine Y=1.579X +0.724 (* =0.999) 200 pg~10 ng 70 pg
Ascorbic acid Y=0.760X +0.783 (¥ =0.996) 400 pg~10 ng 200 pg
Dihydroxyacetone Y=0.132X +0.592 (©* =0.998) 2 ng~100 ng 430 pg
Cortisone Y=0.119X +0.725 (# =0.998) 2ng~100 ng 440 pg
Glucose Y=1.185X+0.718 (+ =0.998) 200 ng~10 pg 75 ng
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