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  An analytical method using a microfluidic device is referred to as a ‘micro total analysis system (µ-TAS)’ or ‘lab-on-a-chip’ and has provided a platform for conducting chemical and biochemical analyses in a miniaturized format. µ-TAS has a variety of advantages, including reduced consumption of sample and reagent, less waste generation and a more rapid analysis time. In addition, it has the capability of integration, coupling to sample preparation and further analysis. As detection methods for µ-TAS, laser-induced fluorescence (LIF) and thermal lens microscopy (TLM) are widely used. However, these methods required expensive and large size instruments such as a solid or gas laser and microscope, which enlarge the total size of the analytical system and make it more complicated. To miniaturize the detection system, we have developed a fluorescence detection system using an organic light-emitting diode (OLED) and a CCD [1]. However, numerous tubes, pumps and valves are still required for simultaneous or multiple measurements, and this contributes to the overall size of the analytical system. Considering applications to on-site analyses, this system is not yet suitable for use, because of the size, weight and cost of the instruments. The objective of this study is to develop a portable fluorescence analysis system without pumps and valves. We report herein on an LED-induced fluorescence analysis system using a CD-type microfluidic device.
Figure 1 shows the design of the CD-type microfluidic device used in this study. The design followed the research of Madou et al. [2]. The CD-type microfluidic device was fabricated by attaching a PDMS disk plate equipped with microchannels and reservoirs to a flat polycarbonate disk plate with a thin layer of PDMS. The sample and reagent solutions in the reservoirs were sequentially introduced into the detection chamber by centrifugal force generated by the rotation of the CD-type microfluidic device. The detection was performed by a laboratory-made small epifluorescence detection system using a LED and a CCD, as shown in Figure 2.
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  The developed system was successfully applied to the determination of IgA in human saliva, a marker for human stress. The analytical principle of this method is the same as the conventional sandwich-type ELISA. The CD-type microfluidic device, which anti-IgA and BSA were immobilized in the detection chamber, was prepared and then IgA solutions at various concentrations, washing solutions, HRP-labeled anti-IgA solutions, washing solutions and Amplex® Red solutions containing hydrogen peroxide were respectively placed in the reservoirs 1~5. The CD-type microfluidic device was spun at any given rotation speed and then these solutions were introduced into the detection chamber in this order. The fluorescence from an enzymatic product, resorufin, was detected by the detection system.

  As shown in Figure 3, the calibration curve for IgA was linear for concentrations under 225 ng/mL with a correlation coefficient of R2=0.999. The detection limit (S/N=3) was calculated to be 71.4 ng/mL. Since human saliva contains 110–220 mg/mL of IgA, the detection sensitivity of this system is sufficient to permit it to be used evaluating human stress. The relative standard deviations (n=4) was found to be 8~20 %. These values are comparable to that obtained on a flow-based ELISA system using a PDMS microfluidic device as previously reported [3]. As shown in Figure 4, the quantitative values of IgA in human saliva obtained on the CD-type microfluidic device were in excellent agreement with that on conventional ELISA using a 96-well microtiter plate [4]. 
  The fluorescence analysis system developed in this study would be useful for on-site analysis, such as environmental monitoring, food safety testing and point-of-care testing since this system does not require an expensive and large size instruments such as laser, microscope, pump and valve. 
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Figure 1　Design of the CD-type microfluidic device. Microfluidic device: 120 mm in diameter. Microchannel: 500 μm in width and 50 μm in depth. 1-5: Sample and reagent reservoir (5 mm in diameter, 2.5 mm in depth); D: Detection chamber (2 x 5 mm, 50 µm in depth); W: Waste reservoir (6 x 20 mm, 2.5 mm in depth).





Figure 2 LED-induced fluorescence analysis system using a CD-type microfluidic device. 1: LED; 2: Excitation filter; 3: Dichroic mirror; 4: Objective lens; 5: CD-type microfluidic device, 6: Emission filter; 7: CCD.





Figure 3 Calibration curve for IgA.





Figure 4 Correlation of quantitative value obtained on a CD-type microfluidic device and that on a 96-well microtiter plate.
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