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Introduction 

Accumulating evidence suggests that the NADH/ NADPH oxidase may 

be responsible for excessive superoxide generation in several cardiovascular 

diseases (1) and that the activation of this source of superoxide can lead to 

endothelial dysfunction by reducing NO⋅ bioavailability.  This mechanism 

likely plays an important role in the genesis of vascular disease in several 

pathophysiological conditions (1-3). Luminometric assays, among other 

techniques, provides a sensitive and fast method to detect superoxide anion (O2
.-) 

(4).  The aim of this study was to evaluate the application of Plate 

CHAMELEONTM  (Hidex, Finland) for the determination of the production of 

O2
.- in vascular tissues by using lucigenin-enhanced chemiluminescence (LEC).  

We measured background (or spontaneous) photon level without tissues under 

various conditions including: Krebs-HEPES solution, NADH, NADPH as well 

as different concentrations of lucigenin. To determine biological responses, we 

measured LEC with or without NADH/NADPH in the presence of aortic tissues 

derived from healthy rats.  Streptozotocin (STZ)-induced hyperglycemia, a 

known pathological condition that involves oxidative stress, was examined and 

the nature of NADPH-dependent LEC investigated. 
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Materials and methods 

2.1 Lucigenin-enhanced chemiluminescence (LEC)  

Levels of superoxide production from aortas were determined using the 

LEC with a luminometer (Plate CHAMELEONTM, Hidex, Finland). The monitor 

system consists of a lightproof box, a photon multiplier, and a photon counter. 

Lucigenin, an acridylium dinitrate compound that emits light on reduction and 

interaction with superoxide anion, was used to measure the production of 

vascular superoxide (2,4,5). The relevant reactions of the assay are as follows 

(LC= lucigenin): 

O2
.-+LC.2+ ?  LC.++O2; 

LC.++ O2
.- ?  LCO2;  

LCO2 ?  2N-methylacridone + h? (light)  

The flux of photons (h?) emitted is measured in terms of LEC intensity 

and taken as superoxide anion levels. 

2.2 Vascular preparation and testing conditions 

After the removal of aortic arteries from adult male rats, the vessels were 

immediately rinsed in Krebs-HEPES solution of the following composition (in 

mmol/L): 99.01NaCl, 4.69KCl, 1.87CaCl2, 1.20MgSO4, 1.03K2PO4, 

20Na-HEPES and 11.1glucose, and bubbled with 95% O2 and 5% CO2, pH 7.4. 

Adherent connective and fat tissue of the vessels were cleaned and cut into rings 

approximately 2 mm in length and then incubated for a 20 minutes equilibration 

period (95% O2 and 5% CO2).  During the measurement of background (or 

spontaneous) photon level without tissues, the effects of NADH, NADPH and 

lucigenin (two concentrations) on LEC were examined. 

Firstly, the background photon level was measured in a white 96-well 

plate (OptiPlateTM-96, PerkinElmer). Then, lucigenin (5 or 200 µM) and 100 µM 
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(final concentration) of NADH or NADPH in 200 µL of Krebs-HEPES solution 

was separately added to each well and the output of photon level was measured. 

Next, aortic rings were transferred to the 96-well plate (a single well contained 

only one ring) consisted of Krebs-HEPES solution with or without lucigenin (5 

or 200 µM) and the output of LEC was measured again. Finally, NADH or 

NADPH was added by auto-injection (dispenser mode) to each well and the 

output of the LEC (with or without lucigenin) was measured. Measurements 

were taken in turn for each well and expressed as counts per second (CPS). 

2.3 STZ-induced hyperglycemic rats  

A single tail vein injection of STZ (55 mg/kg; Sigma Chemical Co.,St. 

Louis, MO) was given to adult rats one day before they were sacrif iced. These 

rats developed increased serum glucose concentration at the time of experiment 

(Chang and Lau, unpublished).  Control animals received an equivalent volume 

of citrate buffer (50mM, vehicle).  Aortic arteries were then removed from the 

STZ-rats and LEC determined with or without NADPH as described before. 

In addition, the possible enzymatic source of superoxide in the vessels 

was determined pharmacologically (30-min preincubation) in the presence or 

absence of diphenylene iodonium (DPI, 10 µM), a selective inhibitor of 

flavin-containing enzymes including NA(D)PH oxidase.  
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Results and Discussion 

We routinely observed very low level of LEC (< 60 cps) with empty plate 

and that this LEC level was not altered by adding Krebs-HEPES alone or 

together with lucigenin (5 or 200 µM), NADPH (100 µM), or NADPH (100 

µM).  Combination of lucigenin with NADH or NADPH did not change the 

LEC reading as well in the absence of aortic rings (data not shown).  It also 

remained unchanged with the addition of an aortic ring with Krebs-HEPES 

solution containing NADH/NADPH in the well (Fig. 1).  Together, these 

observations indicate a low and stable LEC reading without lucigenin in the 

presence of various compounds usually employed to study vascular response.  

However, lucigenin (5 µM) caused a small but significant increase of LEC 

(‘basal’ level), high concentration (200 µM) of lucigenin caused a large increase 

which could be partially due to redox cycling (2,5).  Following the addition of 

NADH or NADPH to each well, LEC increased significantly when compared 

with ‘basal’, this is termed NADH/NADPH-stimulated LEC reflecting an 

induced O2
.- production associated with NADH/NADPH oxidase (3-5).  

Inhibitors of potential O2
.- sources including oxypurinol (100 µM) for xanthine 

oxidase, indomethacin (10 µM) for cyclooxygenase, Nω-Nitro-L-Arginine (100 

µM) for (uncoupled) NO synthase, rotenone (10 µM) for mitochondria electron 

transfer chain, and DPI (10 µM) were tested and significant inhibition was only 

found with DPI (data not shown).  O2
.- scavengers including both superoxide 

dismutase (300 U/mL) and Tiron (10 mM) could significantly reduced the 

NADPH-stimulated LEC intensity (data not shown).  The NADPH-induced 

response was nearly 10-fold stronger than that of NADH with low lucigenin 

(5µM).  In the presence of NADH/NADPH high lucigenin concentration (200 

µM) was found to result a much larger LEC signal, probably redox cycling in 
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nature. 

Figure 2 depicts a typical trace of LEC recording (with 5 µM of lucigenin) 

detected in rings derived from STZ-rats and control rats.  We found that basal 

LEC (open symbols) was only slightly increased in rings from STZ-induced 

hyperglycemic rats compared to control.  However, NADPH-stimulated LEC 

was significantly higher in rings from STZ-induced hyperglycemic rats 

compared to control.   The NADPH response was very rapid (≤ 1 second) and 

lasted for more than 1h.  Furthermore, these increases of NADPH-stimulated 

LEC were inhibited by DPI, a non-specific NADPH oxidase.  These results 

were consistent with our recent findings that sepsis-induced O2
.- production is 

mainly due to NADPH oxidase activation and that propofol ameliorates such 

O2
.- production as well as sepsis-induced vascular dysfunctions (3).  We thus 

conclude that with low lucigenin concentration (5 µM), NADPH-stimulated 

LEC as determined herein provides an effective assessment for O2
.- production 

from NADPH oxidase in aorta of rats under pathological conditions. 
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Discussion 

In our experimental circumstances (with or without lucigenin and 

NADH/NADPH), the generation of photon level did not differ from background 

in the absence of aortic tissues. Moreover, our data indicate that the generation 

of LEC significantly augmented only in the presence of aortic tissues (when 

incubated with lucigenin). In concordance of previous studies [5,6], NADH is 

the preferred substrate in the concentration of 5 µM-lucigenin and NADPH is 

the preferred substrate in the concentration of 200 µM-lucigenin. Furthermore, 

this system successfully distinguished the differences of chemiluminescence 

between the control and STZ-induced hyperglycemic rats. We conclude that 

Plate CHAMELEONTM displays a significantly biological availability and 

provides an accurate assessment on the detection of the superoxide production in 

vascular tissue. 
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Figure 1. superoxide anion measurement (in CPS) of aortic rings in the presence 

or absence of lucigenin and / or NADH/NADPH. Values are means ± SEM, * 

p<0.05 vs. Krebs-HEPES alone. 
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Figure 2. NADPH (100 µM)-induced LEC (in CPS) in aortic rings derived from 

STZ-induced hyperglycemic rat (open and solid triangles) and control rat (open 

and solid circles) 


