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Method Sheet 21 

Background correction and normalisation of L929 cell 
bioassay screening data 
 

Overview 

This method sheet explains how to subtract the background absorbance values from 
L929 cell bioassay data, and how to normalise the data, as part of a natural product 
screening project. These processes are necessary to establish the minimum and 
maximum growth of the cells in response to the positive (high TNF-α production) and 
negative (no TNF-α production) controls. This in turn enables an estimation of the capacity 
of each tested plant extract or compound to inhibit macrophage production of TNF-α. 

These methods assume Microsoft Excel will be used to perform the calculations, but 
any other spreadsheet software should work equally well. 

 

Method for background correction 

1) When using the initial screening format of the 
L929 cell bioassay, macrophages should 
have been challenged with LPS (positive 
control for TNF-α production) in column 1 of 
the plate, and with no treatment (negative 
control for TNF-α production) in column 12 of 
the plate (as shown in the diagram at right): 

  

2) Copy and paste as values the data from the primary absorbance read files from each 
of the relevant 96-well plate reads from your crystal violet assays of the treated L929 
cells into a single Excel file for data analysis, using a separate tab for each plate, and 
name it to distinguish it as a separate analysis file. 

3) First we must calculate the mean background absorbance in the positive control 
wells (which should be in plate wells A1 to H1). 

4) Type “Positive control” in the first cell of a row below the table of 12 x 8 raw data 
values, and then in a separate cell to the right of it, insert the following equation: 

=AVERAGE(B5:B12) 

5) This example assumes that the 8 positive control wells are in the left-most column of 
your raw data, and run from cells B5 to cell B12, but check your own data as the 

locations may be different. 

6) Now to perform background correction, we must subtract this value from each of the 
values in the raw data table. 

7) Type “Background corrected absorbance values” into a cell just below the average 
positive control cell. 

8) Just below this, prepare your table of background-corrected data by typing the 
following function into the first (top left) cell of your new data table: 

=B5-$E$14 
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9) This example assumes that the first cell in your raw data table is at position B5, and 

the cell containing the AVERAGE positive growth calculation is in cell E14 - make sure 

to check that you insert the correct cell references for your own data as the locations 
may be different. 

10) Note also that this formula uses the absolute cell reference for the positive control, 
so it is essential to place the dollar symbols before both letter and number of the 
positive control cell reference (but not the first cell reference). 

11) Copy this formula and paste it into all 96 cells in a new table of 12 x 8 cells to yield 
the background corrected data. 

12) This is done most easily by dragging the lower right green cross on the bottom right 
of the first cell down 8 rows, then letting go of the mouse button, then clicking the 
green cross again and dragging the cell 12 columns to the right to fill the table. 

13) Your two blocks of data for the same 96-well plate should now look something like 
this, with the raw data in the upper table, and the background-corrected data in the 
lower table: 

  

 
 

14) Now repeat the same process for data from any other plates you have measured, 
ensuring that the absorbance values used for one background correction calculation 
are always from the same plate. 

15) To help ensure you do not mix data from one plate with another plate during this 
process, you should insert a new worksheet in the same Excel file for each individual 
plate you have data for. 

16) Double click the tab at the bottom of the page to change the name of the worksheet 
to indicate which plate each sheet refers to, e.g. “Plate-1 Exp 1”, “Plate-5 Exp4” etc., 
as shown below: 
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Normalisation of background-corrected data 

1) Once you have background-corrected the raw absorbance values using the method 
above, you should progress to normalising the growth measurements to percentages 
of the control condition, which we define as the growth of cells in the absence of any 
TNF-α (i.e. the cells in column 12 of the plate). 

2) We assume that cell growth in this condition is maximal, and we therefore assign it a 
value of 100% growth. 

3) All other growth values are then calculated as a percentage of the maximum growth. 

4) First we must calculate the mean (average) of the maximum growth values, which 
should be in wells A12 to H12 in the plate you set up. 

5) Type “Max growth” in the first well of a row below the background corrected data 
table, and then in a separate cell to the right of it, insert the following equation: 

=AVERAGE(M18:M25) 

6) This example assumes that the right-most column of values in your background 
corrected data table run from cell M18 to cell M25, but check your own data as the 

locations may be different. 

7) Now, just below this, type a label for the normalised data table, for example: 
“Normalised cell growth data” 

8) In the first cell of your new table, insert the following formula: 

=B18/$E$27 

9) This example assumes the first cell in your background corrected data table is at 
position B18, and the cell containing the AVERAGE max growth calculation is in cell 

E27 - make sure to check that you insert the correct cell references for your own data 

as the locations may be different. 

10) Note also that this formula uses the absolute cell reference for the max growth 
value, so it is essential to place the dollar symbols before both letter and number of 
the max growth cell reference (but not the first cell reference). 

11) Now click on the percentage icon in the Home ribbon near the top of 
the page to reformat the cell to show the new calculation as a 
percentage. 

12) Now copy and paste, or drag and fill, this formula into every cell of a 
12 x 8 table to give all of your normalised growth values.  

13) Your max growth average calculation cell, and normalised data table should now look 
something like this: 

 

https://www.caithnessbiotechnologies.com/


 

Caithness Biotechnologies Ltd. | https://www.caithnessbiotechnologies.com | contact@caithnessbiotechnologies.com 

 
 

14) You may notice that some values show more than 100% growth - this is normal, as it 
reflects typical variation in the experimental methods and measurements. 

15) If your experiment and normalisation have gone well, you should see that the 
percentage growth values in column 1 of your table should all be close to 0%, the 
middle values in the table should be a mix ranging from 0% to 100%, and the values 
in column 12 should be around 100%. 

 

Interpretation of the data 

1) Remember that high concentrations of TNF-α should kill the L929 cells in this assay. 

2) Macrophage cultures that produced high levels of TNF-α should therefore result in 
wells with LOW levels of blue colour, and percentage absorbance, in this assay. 

3) As we are seeking inhibitors of TNF-α production, those wells with HIGH levels of 
blue colour, and percentage absorbance, are the “hits” we want to find. 

 

Modification of analysis protocol for the TNF-α quantification assay 

1) A more advanced version of the same L929 cell assay can be used to quantify the 
amount of TNF-α produced by macrophages, by including of a series of dilutions of 
recombinant TNF-α on the same plate receiving macrophage supernatants. 

2) In this version of the assay, the positive controls and negative controls will be in 
different places on the plate. 

3) Repeat the same analytical procedure as shown in the steps above, but modify the 
cell references to ensure the negative and positive controls point to the correct 
position on the modified plate layout for this version of the assay. 

 

Notes 

• If you are struggling to follow these instructions, you may find it helpful to first read 
the advice given in Method sheet 101, on Basic Data Handling techniques using 
Microsoft Excel. 

• Remember to never modify the raw data files, but rather copy their values into a new, 
separate analysis file, which should be stored in a separate folder to further protect 
the integrity of the raw data. 
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• Don’t worry if you see any values that are slightly below 0% growth, this is normal 
and reflects typical variation in the assay and measurements. 

• If you do not see a clear difference between columns 1 and 12, the assay or 
calculation has failed, and you should repeat the Excel calculations first to check 
whether this was where the problem may have occurred. 

• For futher troubleshooting, if a blue colour is present in every well of the plate, 
including in column 1, even after careful washing, this suggests there was either no 
production of TNF-α by the macrophages, or the L929 cells were not properly 
sensitised to TNF-α by actinomycin-D treatment. 

• If there is no blue colour remaining in any wells of the plate after crystal violet 
staining and washing, this suggests a very low number of L929 cells were plated 
initially (a cell counting or seeding error, easy to check by microscopy before adding 
macrophage supernatants). 

• If there is very high variation between the different wells within column 1, or within 
column 12, this suggests that the washing technique was not sufficiently rigorous, 
when repeating the experiment be sure to wash the cell layer gently after staining 
and tap the plate gently on a pad of tissues to remove excess dye after each wash. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Disclaimer: These method sheets and other resources are provided for educational purposes only. The user’s University Supervisor 
remains the Principal Investigator and the sole party responsible for the safe conduct, risk assessment, and ethical oversight of all 
laboratory work. Caithness Biotechnologies Ltd. accepts no liability for any injury, loss, or damage resulting from the application of the 
advice or protocols provided herein. Copyright © 2026, Caithness Biotechnologies Ltd. All Rights Reserved. 
 

https://www.caithnessbiotechnologies.com/

