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Chemiluminescence Assay for the Investigation of Reactive Oxygen Species Generator
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Quinones play critical roles in biological systems, but are also regarded as a class of toxins that can cause oxidative
stress in living cells, and the involvement of quinone-based reactive oxygen species in oxidative stress has been reported.
In biological systems, quinones are reduced to semiquinone radicals by the enzyme NADPH:quinone reductase. Next,
semiquinone radicals react with dissolved oxygen to form superoxide anion, which reacts with biological molecules to
cause oxidative stress. On the other hand, chemiluminescence reagents such as luminol can emit chemiluminescence after
oxidation by reactive oxygen species. Therefore, chemiluminescence reagents have been used widely to investigate reac-
tive oxygen species. We have developed a sensitive and selective assay for quantifying quinones using luminol
chemiluminescence. This chemiluminescence assay is based on the generation of reactive oxygen species through the re-
dox reaction between quinone and dithiothreitol, a reductant, followed by detection of the generated reactive oxygen by
luminol. Additionally, this assay can be used to quantify the toxic herbicide, paraquat, which produces reactive oxygen
species in the same manner as quinones. This review describes the development of a sensitive and selective chemilumines-
cence assay for investigating quinones and paraquat by utilizing their ability to generate reactive oxygen species.

Key words——chemiluminescence; reactive oxygen species; quinone; paraquat; high-performance liquid chro-
matography (HPLC)
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Fig. 2. Chemiluminescence Emission Obtained from a Mix-
ture of (A) 9,10-Phenanthrenequinone, DTT and Luminol;
(B) 9,10-Phenanthrenequinone and Luminol; (C) DTT and
Luminol

Chemiluminescence was not observed at all in the absence of luminol.

Inset: expanded view of chemiluminescence-time curves. RCI is an abbrevia-

tion of relative chemiluminescence intensity. Reprinted from Ref. 9) with

permission from Springer Science+ Business Media with modification.
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Generation of Reactive Oxygen Species through the Redox Cycle of Quinone

Table 1. Ubiquinone in Pharmaceutical Preparations

Measured value, mg

(mean=S.D., n=5) Indicated
Formulation value,
Chemiluminescence HPLC-UV mg
method Method?
Tablet® 9.9+0.6 10.0£0.3 10
Granules® 10.0+0.5 10.0+0.2 10

a Japanese Pharmacopoeia XV. ® 10 mg/tablet. ¢ 10 mg/g.

(Fig. 3).
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Fig. 3. Schematic Diagram of the HPLC-chemiluminescence System
Reprinted from Ref. 11) with permission from Springer Science+ Business Media with modification.
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Fig. 4. Chromatograms of (A) Human Plasma Obtained
with the Chemiluminescence Detection and (B) Human
Plasma Obtained with UV Detection

Reprinted from Ref. 11) with permission from Springer Science + Busi-
ness Media with modification.
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Fig. 6. Chromatogram of Rat Plasma following a Single-dose
Administration of Menadione
Reprinted from Ref. 12) with permission from ACS publications with
modification.
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