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INTRODUCTION 
The G-Biosciences’ Cytoscan™ LDH Cytotoxicity Assay is a simple, reliable colorimetric 
method of quantitatively assaying cellular cytotoxicity. The assay can be used with 
different cell types for assaying cell mediated cytotoxicity as well as cytotoxicity 
mediated by chemicals and other test compounds.  

An alternative to 51Cr release cytotoxicity assays; the kit combines the advantages of 
reliability and simple evaluation, characteristic of radioisotope release assays, with the 
convenience of accuracy and avoidance of radioactivity.  

The assay quantitatively measures a stable cytosolic enzyme lactate dehydrogenase 
(LDH), which is released upon cell lysis. The released LDH is measured with a coupled 
enzymatic reaction that results in the conversion of a tetrazolium salt (INT) into a red 
color formazan. The LDH activity is determined as NADH oxidation or INT reduction over 
a defined time period (see below). The enzymatic reactions associated with the assay 
are as follows: 

 

The resulting formazan absorbs maximally at 492nm and can be measured 
quantitatively at 490nm using a micro-plate reader or spectrophotometer. 

ITEM(S) SUPPLIED 

Description 
Cat. # 786-210 

1000 assays 
Cat. # 786-324 

200 assays 

Cytoscan™ Substrate Mix (lyophilizate) 5 1 

Cytoscan™-LDH Assay Buffer 5 x 0.6ml 1 x 0.6ml 

Cytoscan™-LDH Lysis Buffer [10X] 12ml 2.5ml 

Cytoscan™-LDH Stop Solution 60ml 12ml 

LDH Positive Control 30µl 6µl 
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STORAGE CONDITION 
The kit is shipped at ambient temperature.  Store Cytoscan™ Substrate Mix and Assay 
Buffer at -20°C. LDH Positive Control, 10X Lysis buffer and Stop Solution can be stored at 
4°C.  The kit is stable for 12 months, when stored as recommended. 

ADDITIONAL ITEMS REQUIRED 
• Microplate reader 
• 96 well tissue culture plate 
• Multichannel pipette 
• PBS containing 1% BSA (bovine serum albumin) solution for LDH Positive Control 

PROCEDURE SUMMARY 
Cultured cells are incubated with chemical compounds (e.g., Actinomycin D) or effector 
cells (e.g., natural killer cells) to induce cytotoxicity and subsequently release LDH. The 
LDH released into the medium is transferred to a new plate and mixed with Reaction 
Mixture. After a 30 minute room temperature incubation, reactions are stopped by 
adding Stop Solution. Absorbance at 490nm and 680nm is measured using a plate-
reading spectrophotometer to determine LDH activity. 

IMPORTANT INFORMATION 
• LDH activity varies in different sera (e.g., horse serum, fetal bovine serum and calf 

serum) commonly used to maintain different types of mammalian cell lines. 
Therefore, it is important to measure LDH activity in culture media with serum. The 
inherent LDH activity present in serum causes background signal in the assay. To 
reduce background signal, use the minimum serum percentage appropriate for 
each cell line; however, ensure the minimum serum percentage does not affect cell 
viability for the assay period.  

• All procedures are written for 96-well plates; for 384-well plates, reduce all 
volumes by four-fold 

REAGENT PREPARATION 

Reaction Mixture 
1. Dissolve one vial of the provided Substrate Mix in total volume of 11.4ml 

ultrapure water in a 15ml conical tube. Mix gently to fully dissolve the 
lyophilizate. 

2. Thaw one vial of Assay Buffer (0.6ml) to room temperature 
NOTE: Protect Assay Buffer from light and do not leave at room temperature 
for longer than necessary. 

3. Prepare Reaction Mix by combining 0.6ml Assay Buffer with 11.4ml Substrate 
Mix in a 15ml conical tube. Mix by inverting gently and protect from light until 
use. 
NOTE: One vial of Reaction Mixture is enough for two 96-well plates.  The 
remaining Reaction Mixture can be stored at -20°C protected from light for 3-4 
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weeks with tolerance for three freeze/thaw cycles without affecting the 
activity within the storage period. 

1X LDH Positive Control 
1. Dilute 1µl LDH Positive Control with 10ml 1% BSA in PBS. 

PROTOCOL 
The Cytoscan™ LDH Assay protocol is divided into three sections – Determination of 
Optimum Cell Number for LDH Cytotoxicity Assay, Cell-Mediated Cytotoxicity Assay and 
Chemical Induced Cytotoxicity Assay. The various steps of the protocol are as follows: 

(A) DETERMINATION OF OPTIMUM CELL NUMBER FOR LDH CYTOTOXICITY ASSAY 
Different cell types have different levels of LDH activity.  For optimal results, it is highly 
recommended to do a preliminary experiment using your target cell population(s) to 
determine the optimum number of target cells to be used with the Cytoscan™ LDH Assay 
to ensure LDH signal is within the linear range. The supplied LDH may be used as a 
positive control to verify that LDH assay is functioning properly. 

I. Assay Plate Setup 
1. First prepare serial dilutions of target cell type (0, 5000, 10,000 and 20,000/100µl 

media) in two sets of triplicate wells in a 96-well tissue culture plate.  
NOTE: Use the same medium and final volume that will be used for cytotoxicity 
assays. For example, if the co-culture volume is 50µl/well of target cells with 
50µl/well of effector cells, prepare serial dilutions in 100µl/well. 

2. Prepare a triplicate set of wells for a complete medium control without cells to 
determine LDH background activity present in sera used for media 
supplementation and a triplicate set of wells for a serum-free media control 
without cells to determine the amount of LDH activity in sera. 

3. Incubate the plate at 37°C, 5% CO2 overnight. 

4. Optional LDH Assay: To perform a LDH positive control assay, mix the supplied LDH 
Positive Control properly and then dilute it 1:10,000 (1µl of LDH into 10ml of PBS 
containing 1% BSA). For LDH positive control assay, use the same assay volume 
(100µl) as in the wells containing cells in triplicate. 

II. Cell Lysis and Harvesting Supernatant 
1. Add 10µl of sterile, ultrapure water to one set of triplicate wells containing 

cells. 
NOTE: These cells are referred to as Spontaneous LDH Activity Controls. 

2. Add 10µl of Lysis Buffer [10X] to the other set of triplicate cell-containing wells 
and mix by gentle tapping. 
NOTE: Theses cells are referred to as Maximum LDH Activity Controls. 

3. Incubate in a humidified chamber at 37°C, 5% CO2 for 45 minutes.  
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III. LDH Measurement 
1. Transfer 50µl of each sample medium (i.e. serum-free medium, complete medium, 

Spontaneous LDH Activity Controls, Maximum LDH Activity Controls and 1X LDH 
Positive Control) to a 96 well flat bottom plate in triplicate wells.  
NOTE:  To perform a LDH positive control assay, use 50µl 1X LDH Positive Control in 
triplicate wells.. 

2. Add 50µl Reaction Mixture to each well and mix by gentle tapping.  

3. Cover the plate with foil to protect it from light and incubate at room temperature 
for 30 minutes or at 37°C for 20 minutes. 

4. Add 50µl of Stop Solution to each well and mix with gentle tapping.  
NOTE: Break any bubbles present in wells with a pipette tip, syringe needle or 
centrifugation before reading.   

5. Measure the absorbance at 490nm and 680nm. To determine the LDH activity, 
subtract 680nm absorbance value (background signal from instrument) from the 
490nm absorbance.  

6. Plot the Maximum LDH Release Control absorbance value minus the Spontaneous 
LDH Release Control absorbance value versus cell number to determine the linear 
range of the LDH cytotoxicity assay and the optimal number of cells. 

 

Graph of CHO-K1 cells LDH Activity vs. cell number. 
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(B) CELL-MEDIATED CYTOTOXICITY ASSAY 
1. Perform each control and experimental assay in triplicate and prepare the 96-well 

assay plate as follows:  
a. Experimental Wells: Add a constant number of target cells (e.g. Jurkat, K562, 

etc.), as optimized previously, to all experimental wells. Add various numbers of 
effector cells (e.g. natural killer cells, lymphokine-activate cells, cytotoxic T 
lymphocytes or other cell lines) to triplicate set of wells to test several 
effector:target cell ratios. The final combined volume should be 100µl/well. 

b. Effector Cell Spontaneous LDH Release Control: This control corrects for 
spontaneous release of LDH from effector cells. Add effector cells at each 
concentration used in the experimental setup to a triplicate set of wells containing 
medium. Adjust the final volume to 100µl/well with culture medium. 

c. Target Cell Spontaneous LDH Release Control: This control corrects for 
spontaneous release from target cells. Add target cells (as optimized previously) 
to a triplicate set of wells containing culture medium. Adjust the final volume to 
100µl/well with culture medium. 

d. Target Cell Maximum LDH Release Control: This control is required in calculations 
to determine 100% release of LDH. Add the same number of target cells used in 
the Experimental Wells. The final volume must be 100µl/well. 

e. Volume Correction Control: This control is recommended for correcting the 
volume increase caused by addition of 10X Lysis Buffer. This volume change 
affects the concentration of serum, which contribute to the absorbance values. 
Add 100µl culture media to a triplicate set of wells. 

f. Culture Medium Background Control: This control is required to correct for the 
contributions caused by LDH activity that may be present in serum containing 
culture medium. Add 100µl of culture medium to a triplicate set of wells (without 
cells). 

2. Add 10µl sterile, ultrapure water to one set of triplicate wells containing Effector 
and Target Cell Spontaneous LDH Release Controls. 

3. Incubate the plate in an incubator at 37°C, 5% CO2 for an appropriate time. 
NOTE: A minimum of 4 hours incubation is needed for sufficient contact between 
target and effector cells. 

4. 45 minutes before harvesting the supernatant, add 10µl of 10X Lysis Buffer to the 
wells containing the Target Cell maximum LDH Release Control and Volume 
Correction Control.  

5. At the end of incubation, centrifuge the plate at 250x g for 3 minutes. 

6. Transfer 50µl of each sample to a 96-well flat-bottom plate in triplicate wells by 
using a multichannel pipette.  

7. Add 50µl Reaction Mix to each well of the plate and mix by gently tapping. 

8. Incubate at room temperature for 30 minutes protected from light. 
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9. Add 50µl Stop Solution to each sample and mix by gentle tapping. 

10. Measure the absorbance at 490nm and 680nm. To determine the LDH activity, 
subtract 680nm absorbance value (background signal from instrument) from the 
490nm absorbance before calculating the % Cytotoxicity. 
NOTE: Break any bubbles present in wells with a pipette tip, syringe needle or 
centrifugation before reading.   

11. To calculate the corrected values, subtract the average value of the culture 
medium background control from average values of the Experimental, Effector Cell 
Spontaneous LDH Release Control and Target Cell Spontaneous LDH Release 
Control. The average value of the Volume Correction Control is then subtracted 
from the average value of the Target Cell Maximum LDH Release Control. 

12. To calculate % Cytotoxicity for each Effector:Target cell ratio, use the equation 
below with the corrected values: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑣𝑣𝐸𝐸𝐸𝐸𝑣𝑣𝐸𝐸−𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝐸𝐸 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶 𝑆𝑆𝐸𝐸𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑣𝑣𝐶𝐶 𝐶𝐶𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝐸𝐸−𝑇𝑇𝐸𝐸𝐸𝐸𝑇𝑇𝐸𝐸𝐸𝐸 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶 𝑆𝑆𝐸𝐸𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑣𝑣𝐶𝐶 𝐶𝐶𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝐸𝐸
𝑇𝑇𝐸𝐸𝐸𝐸𝑇𝑇𝐸𝐸𝐸𝐸 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 𝑀𝑀𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑣𝑣𝐸𝐸 𝐶𝐶𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝐸𝐸−𝑇𝑇𝐸𝐸𝐸𝐸𝑇𝑇𝐸𝐸𝐸𝐸 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶 𝑆𝑆𝐸𝐸𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑣𝑣𝐶𝐶 𝐶𝐶𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝐸𝐸

𝑥𝑥100  

(C) CHEMICAL COMPOUND INDUCED CYTOTOXICITY ASSAY: 
The Cytoscan™ LDH Assay can also be used to test for high-throughput screening of cell 
death of a single cell type (without an effector cell) due to cytotoxicity of the test 
compounds. 

1. Place the optimal number of cells/well in 100µl of medium, as determined 
previously, in triplicate wells in a 96-well tissue culture plate. 

2. Controls: Include the following controls on the 96-well plate: 

a. A complete media control without cells to determine LDH background activity 
present in the sera used. 

b. A serum-free media control to determine the amount of LDH activity in the 
sera. 

c. Spontaneous LDH Activity Controls: Plate additional cells in triplicate wells. 

d. Maximum LDH Activity Controls: Plate additional cells in triplicate wells. 

3. Incubate the plate in an incubator at 37°C, 5% CO2 overnight. 

4. Prepare the wells as follows: 

a. Spontaneous LDH Activity Controls: Add 10µl sterile, ultrapure water to one 
set of triplicate wells. 

b. Maximum LDH Activity Controls: Add nothing to one set of triplicate wells of 
cells. 

c. Chemical Compound: Add 10µl of vehicle containing chemical compound to 
one set of triplicate wells of cells. 

5. Incubate the plate in an incubator at 37°C, 5% CO2 as needed. 
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6. To the Maximum LDH Activity Control wells, add 10µl Lysis Buffer [10X] and mix by 
gently tapping. 

7. Incubate the plate in an incubator at 37°C, 5% CO2 for 45 minutes. 

8. Transfer 50µl each sample medium to a 96-well flat-bottomed plate in triplicate 
wells. Samples should include: 

a. Complete Medium 

b. Serum-free medium 

c. Spontaneous LDH Activity Controls 

d. Compound-treated Samples 

e. Maximum LDH Activity Controls 

9. Add 50µl Reaction Mixture to each sample and mix with a multichannel pipette. 

10. Incubate at room temperature for 30 minutes protected from light. 

11. Add 50µl Stop Solution to each sample and mix by gentle tapping. 
NOTE: Break any bubbles present in wells with a pipette tip, syringe needle or 
centrifugation before reading.   

12. Measure the absorbance at 490nm and 680nm. To determine the LDH activity, 
subtract 680nm absorbance value (background signal from instrument) from the 
490nm absorbance before calculating the % Cytotoxicity. 

% Cytotoxicity = 
Compound Treated - Spontaneous LDH Activity 

X 100 Maximum LDH release -Spontaneous LDH Activity 
TROUBLESHOOTING 

Problem Possible Cause Solution 

High medium control 
absorbance 

High inherent LDH activity 
in animal sear in cell 
culture media 

Reduce serum concentration 
to 1-5% 

High spontaneous 
control absorbance 

High cell density 
Repeat determination of 
optimum cell number for 
assay 

Vigorous pipetting during 
cell plating 

Gently handle cell 
suspension during plate set-
up 

Low absorbance value 
in experiment Cell density too low Repeat determination of 

optimum cell number 

High variability of 
absorbance well-to-
well 

Bubbles were in well 

Centrifuge the plate for a 
longer time or at a higher 
speed 
Break bubbles with a syringe 
needle 
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RELATED PRODUCTS 
Download our Bioassay Handbook  

  
http://info.gbiosciences.com/complete-bioassay-handbook 
For other related products, visit our website at www.GBiosciences.com or contact us. 
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