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ABSTRACT

The process of serially diluting solutions in microplates is common for many 
assays including preparation of dose response curves for IC50, drug efficacy 
testing, etc.  There are many critical steps to this type of assay that are 
carefully controlled, such as contaminant quantitation and prospective drug 
concentration. Related to these assay steps, yet equally important to the 
success of the assay, is the ability of the liquid handler to accurately dispense 
the drug compound during the dose response analysis. Absent reproducible 
volume control of the liquid handler the volume of any solution dispensed by it, 
and therefore the concentration of drug candidate, are questionable

Measurement of the dilution accuracy is not easily accomplished using 
traditional quality control methods. In widely accepted single dye absorbance 
QC methods, the dynamic range of the chromophore is too narrow to evaluate 
all of the dilution steps required to make the dose response curve. In contrast, 
fluorescent methods provide the required sensitivity, but lack the traceability 
pedigree associated with absorbance methods. The limitations of both single 
dye absorbance and fluorescence methods require users to measure the 
accuracy of a subset of the total number of dilution steps forcing assumptions 
to be made about the repeatability of the liquid handler over multiple aspiration 
and dispense cycles. Herein is presented the proof-of-concept for an approach 
which measures the accuracy of all dilution steps in a microplate using one 
multi-dye solution. Furthermore, this absorbance-based method provides the 
NIST traceability necessary for a standardized method.

APPROACH

A stock solution containing two dyes at two concentrations may be used to assess the accuracy of multiple dilution 
steps spanning an entire microplate with an absorbance-based measurement method traceable to national and 
international standards. Using the spectral features of one dye for early dilution steps and the features of another for 
later steps will allow one stock sample solution to be used for accuracy assessment over a dilution range of 1:2048. 
The solution used to dilute the stock solution, or diluent, contains an additional reference blue dye which is also 
present in the stock solution at the same known concentration. Mixtures of any ratio of the stock solution and diluent 
solution will result in the same concentration of the reference dye allowing it to be used as an internal standard. The 
reference dye will be used to calculate the pathlength in each well of the microplate individually, thereby removing the 
need for a calibrated diluent.

The dilution approach is based on Beer’s Law: *

Dilution steps are performed in columns across a microplate using the stock solution as the sample and the diluent to 
dilute the well to its final working volume. (Figure 1)

Early dilutions in which the dye of interest is measurable directly from the stock solution employ Equation 1 to 
determine the actual dilution ratio in each well. Later dilution steps are obtained using Equation 2 to calculate dilution 
ratios.

*Where A represents the absorbance collected by the plate reader at the time of test, a represents the known absorbance per unit pathlength of the dye at a specific wavelength as measured in a traceable spectrophotometer, m and n
represent the source and destination wells respectively, B represents the blue reference dye and S represents the dye of interest in the stock solution. 

EXPERIMENT

The spectral features of two dyes were assessed in the presence of 
95% DMSO. Quinoline Yellow S (QYS) and Acid Blue 40 (AB 40), 
were dissolved in 95% DMSO in water solutions independently at 
concentrations that yielded target maximum absorbances. The 
absorbance peak of QYS was measured at 417nm while AB 40 was 
measured at 630 nm. (Figures 2a and 2b)

The dyes were then combined at concentrations to achieve 
target maximum absorbances in one solution with 95% DMSO in 
water with a reference blue dye. QYS was present at 
approximately seven times that of AB 40 to achieve an overall 
absorbance ratio of 8.5:1 at the peaks (Figure 4). The 
absorbance response of the two dyes at their respective peak 
absorbances was measured using the same titration method with 
known volumes of DMSO simulating 1:2 dilution steps over 
multiple trials. The absorbance response of the two dyes was 
compared to calculated expected absorbance response over the 
range of the titration. (Table 1) In all cases, the difference 
between actual and expected absorbance was less than 5%.

Performance requirements for the stock solution include:
• The extinction coefficient of the dye must be linear over the 
dilution range to ensure that expected absorbance response 
may be obtained during actual dilution analyses. 
•The spectral features of the dyes must not interfere with one 
another, either amplifying or diminishing the absorbance 
response of either dye in the other’s presence, unless the 
change in response is repeatable and predictable.
• All dyes must be soluble in DMSO as most dilutions in 
microplates begin in this solvent.

The absorbance linearity of each dye was verified by diluting 
the dye over several steps by titrating known volumes of 90% 
DMSO into a cuvette inside a spectrophotometer and 
measuring the absorbance at the peak wavelength (Figures 3a 
and 3b). The extinction coefficient was calculated from the 
measured absorbances for each dilution step. The extinction 
coefficients remained constant indicating that the dyes exhibit 
linear behavior over the dilution range.    

Linearity of the dyes in the presence of one another was 
verified using the titration method described above (Figures 5a 
and 5b). Here again, the extinction coefficients of the dyes 
remained constant over the dilution range, indicating linearity.

PROOF OF CONCEPT

Finally, the manufactured stock solution was dispensed into a 96-well microplate and used to perform twelve actual 1:2 dilution 
steps. The first column was filled with Neat stock solution. From that, 100 µL of stock was removed from column 1 and dispensed 
into column 2. A 100 µL aliquot of diluent was then added to column 2 and the solutions were mixed. This process was repeated 
until all columns were filled. The remaining 100 µL from column 12 were discarded. The overall dilution ratios were calculated using 
Equation 2. 

The absorbance response of the two dyes performed as expected, as is shown in Table 2. Similarly, the actual dilution ratios 
matched the expected values within 5%.

CONCLUSIONS

This proof-of-concept study illustrates that a solution containing 
multiple dyes may be used to evaluate accuracy of dilution steps. 
Quinoline yellow s and acid blue 40 along with a reference dye in 
DMSO were used for this proof-of-concept study to measure 
dilution ratios up to 1:2048 in every well in a microplate. 
Agreement between the actual dilution ratio achieved and 
corresponding expected dilution ratio was less than 5% difference 
in all cases. 

The proposed multiple dye absorbance method overcomes many 
of the traditional challenges presented by other quality control
methods, such as lack of dynamic range and allows 
measurement of dilution accuracy for dilutions up to 1:2048 from
one stock solution. Additionally, using a spectrophotometer 
traceable to known absorbance standards to characterize a 
solution containing multiple dyes with known starting 
concentrations and known spectral features provides the 
advantage of NIST traceability that other quality control methods 
do not due to the absence of traceable fluorescence standards. 

Performance of the solution may be affected by the hygroscopic 
properties of DMSO. Storage conditions for the solutions for this 
study were loosely controlled. Therefore, lower humidity, 
appropriate bottle sealing or freezing of the stock solution may
improve the stability of the solution and therefore the performance 
of the approach. 
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4.70%0.092910.08874PeakQYS1:2048

0.92%0.179110.17748PeakQYS1:1024

-1.32%0.350260.35495PeakQYS1:512

-2.26%0.693850.70990PeakQYS1:256

-2.04%1.390801.41980PeakQYS1:128

3.58%0.153970.14865PeakAcid Blue 401:64

1.85%0.302820.29731PeakAcid Blue 401:32

-0.10%0.594030.59462PeakAcid Blue 401:16

-1.94%1.166181.18923PeakAcid Blue 401:8

4.65%0.354160.33843ValleyAB40&QYS1:4

-1.09%0.669500.67686ValleyAB40&QYS1:2

-3.56%1.305541.35372ValleyAB40&QYS1:1

% Difference

Actual 

Absorbance

Expected 

AbsorbanceFeatureDye

Dilution 

Ratio

-4.49%1956.072048.08PeakQYS1:2048

-0.91%1013.141022.48PeakQYS1:1024

1.34%519.00512.14PeakQYS1:512

2.31%262.07256.14PeakQYS1:256

2.09%130.96128.28PeakQYS1:128

-0.90%63.8164.39PeakAcid Blue 401:64

0.78%32.6632.41PeakAcid Blue 401:32

2.75%16.8616.41PeakAcid Blue 401:16

4.67%8.818.42PeakAcid Blue 401:8

-4.44%2.953.08ValleyAB40&QYS1:4

-2.50%1.651.69ValleyAB40&QYS1:2

N/ANeatNeatValleyAB40&QYS1:1
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