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Introduction:

Results:
The DNB reaction shows a high degree of promise as an assay for the detection of creatinine in a PCL hybrid micro-fluidic chip. The tunable nature 

of the reaction allows it to be customized in an application-specific format: initial results show that reaction speed is dependent on pH, while the 

concentration of DNB influences the intensity of the produced color.
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The reaction of 3,5-dinitrobenzoate (10%, 24 μL on each reagent

pad) with creatinine in alkaline conditions produces a distinctive

red-brown color after 1 minute. From left to right: 20 μL of 0, 2,

4, 8, 10, 12, 16, and 20 mg/dL of creatinine in a 10:3 ratio with

10 M NaOH (20%).
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Experimental Data: Rate vs. [OH-]
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Experimental Data: Intercept vs. [OH-]

Lower Right Image: A depiction of results achieved for

quantification of creatinine using a non-enzymatic

colorimetric assay integrated into a hybrid paper/PCL

μFAD. The assay is based on the reaction of a 1% 2,4-

dinitrobenzoate in ethanol with 6% w/w NaOH and

creatinine. The images above show the colorimetric

output of the assay for increasing concentrations of

creatinine over the course of several minutes.

A novel approach for the colorimetric detection of creatinine in a paper/polycaprolactone hybrid microfluidic

device using alkaline 3,5-dinitrobenzoate (DNB) is described. The reaction parameters of reagent

concentration, alkalinity, and analysis time are optimized for fast reaction times and high color yield.

Microfluidic devices incorporating this assay are designed and fabricated to provide a solution for low cost,

point-of-care analytical applications.

Left Image: A model of creatinine, a small biological

metabolite with a molar mass of 113.12 g/mol. Creatinine’s

cyclic structure allows efficient excretion from biological

systems.

Analysis of color data using open-source software (GIMP

2.8.6.0) produces a calibration curve for the assay. The red

channel displays a high degree of linearity (R2>0.99) and a

detection limit of 3.03 mg/dL for creatinine.

Conclusions and Future Work:

A robust colorimetric assay for the determination of creatinine within

the clinical range for a 24-hour urine collection (3.7-63.3 mg/dL) has

been produced. [6] The assay possesses advantages over current

enzymatic-based assays used in central laboratories by sacrificing a

high degree of precision and low detection limit for a low cost per test,

a greater ease of use, and a higher tolerance for various environmental

conditions (data not shown). While this success is compelling, the

refinement of the assay to increase reproducibility would allow this

promising detection method to be extended to serum creatinine

detection as well, which has a much lower clinical range.

As the ultimate goal of this research is to extend the analysis of

creatinine to point-of-care applications, additional work must be

performed in compiling individual assay components into a self-

contained package. Previous research from this laboratory has

explored the usage of ubiquitous smart-phone technology as a

convenient platform for data capture and analysis. With this in mind,

two additional goals for this research project arise:

-Creating a software algorithm for instant data analysis.

-Designing a detector (smartphone) adaptor for use with the μFAD.

Top Right Image: A graph of intensity data generated by

spectrophotometric studies at 530 nm for the DNB

reaction as pH is varied. The intensity of the red channel

increases in a logarithmic fashion as the concentration

of NaOH is increased.

Top Left Image: A graph of initial rate data generated by

spectrophotometric studies at 530 nm for the DNB

reaction as pH is varied. The fastest initial rate is

observed at ~2 M Naoh, or 6% NaOH, similar to that

reported by Benedict et al. 1
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Right image: Graphs of different parameters for

paper/PCL hybrid μFADs. The top graph shows that

a maximum flow rate is achievable for a two layer

thick, 1100 um wide channel.

Lower Left Image: A graph of intensity data generated

by spectrophotometric studies over 400-750 nm for the

DNB reaction as DNB % is varied. The full spectrum

for each concentration was measured after 6% NaOH

and 20 mg/dL of creatinine had reacted for 1 minute.

The intensity increases in proportion to the increased

amount of DNB.
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Center image: A time-lapse with 1 minute intervals of the DNB

reaction (1% DNB, 6% NaOH) with creatinine standards. It can be

seen that the initial colored product is of a purple color, which

slowly fades to a brick-red.

From left to right: normal, 3-color shift, saturation, red-channel, green-channel, and blue-channel.

Right Image: A model of 3,5-dinitrobenzoic acid (212.12

g/mol), the reporter molecule used to react with creatinine and

generate a colored dye. This reaction requires a high degree of

alkalinity to occur, and is reversed by acidic conditions.

• Creatinine is a small (>1 kDa) biological

compound produced from creatine phosphate

during energy metabolism.

• As an excretion product, creatinine is used in

medical diagnostics as a baseline indicator of

renal health, and as a correction factor for

other more variable metabolites. [1, 2]

• Micro-Fluidic Assay Devices (μFADs)

have several advantages for point-of-

care (POC) vs. central laboratory testing:

multiple geometries available (major

limitations being designer imagination

and material constraints), ease, speed,

and low cost of manufacture (<$0.10/per

test strip), compatibility with existing

infrastructure, and use of small sample

volumes (~7μL) and reagents. [3]

• Previous methods for detecting creatinine: The

Jaffe (alkaline picrate) Reaction (Jaffe, 1886),

Enzymatic reactions (Miller and Dubos, 1937),

and UV-Absorbance (Fridolin et al, 2010). [4]

• Benedict’s (alkaline 3,5-dinitrobenzoate)

method is a less common reaction that is better

suited for capillary microfluidic chemistry. [5]

• Hybrid paper/polymer μFADs possess the flexibility

and low cost of both components.

• Polycaprolactone (PCL) used as the polymer

component confers the added benefits of

biodegradability, biocompatibility, hydrophobicity for

use in channeling aqueous solutions, and customizable

surface chemistry.

• PCL can be coated onto paper in a batch-dip process,

designs can be cut into the material, and the resultant

strips can be laminated together under pressure and heat

to produce 3D μFADs.

Center image: the graph demonstrates that

lamination increases the hydrophobicity of the

polymer surface as measured by contact angle, a

desired effect achieved during μFAD construction..

Left images: the top picture shows a pressure drive

μFAD used in creating automated serial dilutions.

The bottom μFAD is a multi-assay device to total

protein, glucose, bilirubin, BUN, and pH.


