
 

MAT TEST KIT 

GUIDELINES FOR MONOCYTE ACTIVATION TEST KIT  

(METHODS A, B, AND C) 



 

INTRODUCTION 

Monocyte activation test (MAT) is a new method to determine the full range of pyrogens. The method 

allows for determining both endotoxins (derived from gram-negative-bacteria) and non-endotoxin 

pyrogens (peptidoglycan, yeasts, fungi and viruses). The test is a complete replacement of the rabbit 

pyrogen test (RPT) and allows for avoiding the use of animals.  

The method is based on the activation of human peripheral blood mononuclear cells in the presence of 

pyrogens. Endotoxins and non-endotoxin pyrogens stimulate monocytes to release interleukin-6 (IL-6), a 

mediator of inflammatory. The in-vivo response within the body is the same when pyrogens enter the 

blood stream. The test is performed in two stages: dilutions of samples, endotoxin standards and non-

endotoxin controls are prepared on the first day. A calibration curve is constructed based on the Reference 

Standard Endotoxin (RSE). Then all dilutions in four replicates are placed in a sterile 96-well plate, 

monocyte suspension is added to all wells, and the plate is incubated in a CO2 incubator at 37˚C for 18-22 

hours. Preparation of samples and endotoxin standards is performed in a laminar flow cabinet with due 

regard to all cell culture guidelines. 

On the second day of the assay the supernatant from the plate with monocytes is transferred to the ELISA 

plate with immobilized antibodies to interleukin-6 (IL-6) and concentration of IL-6 released is measured in 

ELISA. The optical density at 450 nm is measured using a spectrophotometer. Concentration of pyrogens in 

solutions is calculated using special software or Excel. The higher the optical density of the solution, the 

higher the concentration of interleukin-6, and therefore the concentration of pyrogens, is in it. 

AL-MAT kit by Algimed Techno LLC contains all necessary components for analysis, including the reference 

standard endotoxin (RSE) and non-endotoxin pyrogen (NEP) controls, such as lipoteichoic acid (LTA), which 

is a major constituent of the cell wall of gram-positive bacteria, and Heat Killed Staphylococcus aureus 

(HKSA), a gram-positive bacteria. A complete ELISA reagent kit for measurement of human interleukin 6 (IL-

6) is also included. 



KIT CONTENT AND STORAGE CONDITIONS 

No. Component  Quantity Storage 
Conditions 

1 MAT cells 
Peripheral blood mononuclear cells, 106 cells/ml 

1x1 ml  - 80˚C and 
below 

2 FBS culture medium supplement 
Fetal Bovine Serum, Ultra-low Endotoxin 

1x5 ml  -20˚C 

3 RPMI Medium 
Supplemented with L-Glutamine, sterile 

1x50 ml  2-8˚C 

4 Endotoxin Standard 
Lipopolysaccharides (LPSs) from Escherichia coli, 2000 
IU/ml 

1x50 μl -20˚C 

5 LTA Non-endotoxin pyrogen control  
Lipoteichoic Acid, 2 mg/ml 

1x50 μl -20˚C 

6 HKSA Non-endotoxin pyrogen control 
Heat Killed Staphylococcus aureus, 101 0 HKSA/ml 

1x20 μl -20˚C 

7 Interleukin 6 (IL-6) ELISA Kit  
IL-6 ELISA Kit for measuring human IL-6, detection range 
10-3160 pg/ml 

1 pc 2-8˚C 

8 Sterile 96-well flat-bottom plate  1 pc 2-30˚C 

 

ELISA kit for the determination of interleukin-6 includes as follows: 

1. Microtiter plate - 1 pc. 

2. IL-6 antibody Concentrate (10x) – 1x0.6 ml 

3. Conjugate – 1x12 ml 

4. ELISA Diluent – 1x30 mL 

5. TMB Substrate – 1x12 ml 

6. Wash Buffer Concentrate (20x) - 1*30 ml 

7. Stop Reagent – 1x12 ml 

 

AL-MAT kit is designed for one assay using a 96-well plate. 



EQUIPMENT AND CONSUMABLES 
 
Equipment: 
- Microplate photometer, filters: 450 nm and 570-650 nm; 
- CO2 incubator (5% CO2, 37°C, and humidity >80%); 
- Laminar flow box; 
- Vortex; 
- Water bath at 37°C; 
- Freezer at -80°C; 
- Microplate Shaker or Incubator; 
- 5, 10-100, 100-1000 and 5000 µl pipettes; 
- 8-channel pipette for 50-350 µl; 
- Microplate washer - optional 
 
Consumables: 
- Glass pyrogen-free dilution tubes, size 12x75 mm; 
- LAL-reagent water (water for BET) - endotoxin-free water; 
- Sterile plastic test tubes, 15 ml; 
- Sterile tips for pipettes; 
- Non-sterile tips for pipettes; 
- 70% ethanol or 70% isopropanol; 
- Sterile reservoirs for multichannel pipettes; 
- Non-sterile reservoirs for multichannel pipettes; 
- Cotton, tweezers, scissors. 
 
Important Notes 
The first stage of the assay shall be performed in a laminar flow box using a lab coat and protective gloves. 
All consumables and reagents shall be pyrogen-free. All surfaces in the laminar box shall be regularly 
cleaned with 70% ethanol or 70% isopropanol. 
 

TEST PROCEDURE 
The test shall be performed using sterile and pyrogen-free reagents and materials, in a sterile working 
environment. 
 
Preparing the endotoxin standard  
The endotoxin standard is a lipopolysaccharides (LPSs) from Escherichia coli (EDQM, France) calibrated in 
International Endotoxin Units (IU). A series of double dilutions of the endotoxin standard is used to create 
a calibration curve (method A and B). Endotoxin standard solutions of at least 4 concentrations shall be 
prepared. At least four replicates should be used at each test concentration. However, in order to obtain a 
more sigmoidal calibration curve and to achieve a higher sensitivity of the method it is recommended to 
use a five to seven-point calibration curve. The highest sensitivity of the kit is 0.015 IU/ml. An example of a 
calibration curve with the sensitivity up to 0.015 IU/ml can be found in the manual. 
 



1. Preparing the endotoxin standard stock solution (100 IU/ml) 
Thaw the endotoxin standard vial and add 950 µl of RPMI, thoroughly vortex for at least 60 seconds. The 
concentration of the resulting solution is 100 IU/ml. 
 
2. Method A: Preparing the reference endotoxin standard (R1-R7) 
To prepare the R1 calibration solution, add 5 940 µl of RPMI and 60 µl of 100 IU/ml standard endotoxin to 
a pyrogen-free tube, thoroughly vortex for at least 60 seconds. The endotoxin concentration is 1 IU/ml. 
The R2-R7 calibration solutions shall be prepared in glass pyrogen-free tubes or an assay plate. 
 
Preparing endotoxin dilutions in test tubes 
Add 500 µl of RPMI medium to 7 tubes labeled R2-R8 (R8 - negative control - endotoxin-free RPMI 
medium), transfer 500 µl of solution from tube R1 to tube R2, thoroughly vortex for at least 60 seconds. 
Repeat the abovementioned steps to perform dilution to prepare calibration standards R3 to R7 (Figure 1). 
 
Preparing endotoxin dilutions in the plate 
Add 100 µl of RPMI medium to wells B1-B4 to H1-H4 of a sterile 96-well plate. Add 200 µl of 1 IU/ml 
solution from tube R1 to wells A1-A4. Using a multichannel pipette transfer 100 µl of solution from wells 
A1-A4 to wells B1-B4, thoroughly mix by pipetting to avoid foaming. The endotoxin concentration in wells 
B1-B4 is 0.5 IU/ml. Repeat the abovementioned steps for wells C1-C4 to G1-G4. Remove 100 µl of solution 
from wells G1-G4. Endotoxin solution shall not be added to wells H1-H4, this will be negative controls. 
 
3. Method B: Preparing endotoxin solutions  
Endotoxin standard dilutions for method B are prepared to concentrations of 0.5xLOD, 1xLOD, 2xLOD, 
4xLOD, 8xLOD, where LOD is the limit of detection of the kit used. All dilutions of standard endotoxin 
solution shall be done as for method A.  
 
Fig. 1 - Preparing endotoxin standards in test tubes 
 
 

 



Preparing the non-endotoxin controls 
 
1. Non-Endotoxin Pyrogen Control (LTA) Preparation  
Thaw the vial of LTA and add 450 µl of RPMI medium to prepare a stock solution with a concentration of 
200 µg/ml. Thoroughly vortex for at least 60 seconds. To prepare a non-endotoxin control, add 5 μl of 
stock LTA solution to 495 μl of the test sample of appropriate dilution. 
 
2. Non-Endotoxin Pyrogen Control (HKSA) Preparation 
Thaw the vial of HKSA and add 480 µl of RPMI medium to obtain a stock solution with a concentration of 
4*108 HKSA/ml. Thoroughly vortex for at least 60 seconds. To prepare a non-endotoxin control, add 5 µl of 
HKSA solution to 495 µl of the test sample of appropriate dilution. 
 
Fig. 2 - Preparing non-endotoxin controls 
 
 

 
 
 
 
 



Sample Preparation  
Depending on the chosen method of analysis (A, B or C), appropriate dilutions of the test sample shall be 
prepared. RPMI medium is used as the solvent. If the test product is a powder or substance, an initial 
solution of the product is prepared in LAL-reagent water (water for BET). For method A, three two-fold 
serial dilutions of the test product, not exceeding the MVD, shall be prepared. The minimum dilution must 
be pre-checked for interfering factors. For methods B and C, three dilutions of the test sample, not 
exceeding the MVD, which have been pre-tested to be free of interfering factors, shall be prepared. Each 
dilution shall be tested in four replicates. 
 
Positive Control Preparation 
When test sample is assessed using methods A and B, a positive control shall be prepared. For method A, 
add a standard endotoxin at a concentration equal to or close to the middle of the calibration curve to the 
minimum diluted test product. For method B, add endotoxin to each dilution of the test sample at a 
concentration equal to 2xLOD. Each solution shall be tested in four replicates. 
 
Preparing the assay plate  
Endotoxin standard solutions, prediluted test samples and controls shall be added to the sterile 96-well 
plate (supplied in the kit). RPMI medium shall be added as a negative control. Four replicates of 100 μL of 
each solution shall be added to a well. 
 
Preparing monocyte suspension 
 
1. Culture Medium Preparation 
The cell culture medium is composed of RPMI supplemented with fetal bovine serum (FBS). The FBS 
concentration is 20%. 
Thaw the vial with the culture medium supplement (FBS), add 12 ml of RPMI in a sterile 15 ml tube. Add 3 
ml of FBS and mix gently by gentle rocking of the vial to prevent excessive foaming. 
 
v Warm-up the culture medium to 37°C in a water bath before adding to monocytes. 
 
2. Monocyte Suspension Preparation  
Take a vial with monocytes from the freezer at -80°С (in case of transportation, a tank with liquid nitrogen 
or a container with dry ice shall be used). Thaw the cells by placing it immediately in a water bath at 37°C, 
until the last visible ice crystals disappear. Immediately transfer the entire contents of the vial (1 ml) into a 
15 ml sterile pyrogen-free tube. Slowly add 11 mL of pre-warmed (37°C) cell culture medium (1 mL per 5 
seconds) to the test tube and mix it by gently swirling the tube while adding the culture medium, to ensure 
a homogeneous cell suspension. 
 
v Prepare the monocyte suspension immediately before adding to the plate! 



Adding a monocyte suspension onto a plate 
Monocyte suspension shall be placed in a sterile reservoir for multichannel pipettes. Use a multichannel 
pipette to add 100 µl of monocyte suspension into all wells of the plate containing test samples (test 
solutions, controls, endotoxin standards, non-endotoxin controls, etc.). Cover the plate with a lid and 
placed in a CO2 incubator at 37°C, 5% CO2 and more than 80% humidity. Incubate for 18-22 hours. 
 
Determination of interleukin-6 (IL-6) in cell supernatant 
 
1. Preparation of ELISA Reagents 
It is recommended that all reagents of ELISA kit be at room temperature for 30 minutes before 
starting the assay.  
 
1.1 Wash buffer Preparation 
Transfer 30 ml of wash buffer concentrate (20x) to a glass or plastic container, add 570 ml of distilled water 
and mix. The resulting solution can be stored for 1 month at +2°C to +8°C. 
 
1.2 IL-6 antibodies Solution Preparation  
Add 5,4 ml of ELISA diluent to the multichannel pipette reservoir. Add 0,6 ml IL-6 antibody concentrate 
(10x) and mix thoroughly by pipetting to avoid foaming. 
The solution shall be prepared immediately before use. 
 
2. Assay procedure 
All components of the ELISA kit must be kept at room temperature for 30 minutes prior to assay. 
2.1. Add 50 µl of ELISA diluent to all wells of microtiter plate. 
2.2. Carefully, without touching the cell precipitate, transfer 50 µl of supernatant from the plate with 
monocytes to the corresponding wells of microtiter plate. Use a multichannel pipette. 
2.3. Add 50 µl of interleukin antibody solution prepared as prescribed in Clause 1.2 to all wells of microtiter 
plate. 
2.4. Cover the plate with the plate cover and incubate for 1.5 hours at 25°C and shaking at 700 rpm. 
2.5. Wash the plate wells 5 times with 350 µl wash buffer. It is recommended to use an automatic washer 
for microplates. 
 
V Immediately proceed to the next step. Don’t let the wells dry out. 
 
2.6. Add 100 µl of conjugate to each well. Use a multichannel pipette. 
2.7. Cover the plate with a plate cover and incubate for 30 minutes at 25°C and shaking at 700 rpm. 
2.8. Wash the plate wells 5 times with 350 µl wash buffer. It is recommended to use an automatic washer 
for microplates. 
 
V Immediately proceed to the next step. Don’t let the wells dry out. 



2.9. Add 100 µl of TMB-substrate to each well of the plate. Use a multichannel pipette. Cover the plate 
with a plate cover and incubate it for 15 minutes at room temperature in a dark place. 
2.10. Add 100 µl of stop solution to each well of the plate. Use a multichannel pipette. 
2.11. Measure the optical density of the solution in the wells using a microplate spectrophotometer in 
single wavelength mode at 450 nm or in dual mode at 450 nm (reference wavelength 570-650 nm).  
 
Criteria for Reliability of Measurement Results 
- The regression of responses (appropriately transformed if necessary) on log10 dose must be statistically 
significant (p < 0.01). 
- The regression of responses on log10 dose must not deviate significantly from linearity (p > 0.05). 
- A test is considered valid if the measured concentration of endotoxin added falls within the tolerance 
range of 50-200% of the known concentration of added endotoxin. 
 

ANALYSIS METHODS 
 
Preliminary Tests  
 
Test for Interfering Factors 
 
To ensure the validity of the test results, validation shall be performed for each new test product. This 
validation shows that the test solution does not interfere with the test and detection system, so that the 
test detects the possible endotoxins and non-endotoxin pyrogens. 
Using the appropriate solvent, a number of dilutions of the test sample shall be made so as not to exceed 
the MVD. For method A, the endotoxin standard at a concentration equal to or close to the middle of the 
calibration curve and for method B, twice the LOD value (limit of detection) shall be added to the dilutions 
of the sample. 
A test solution shall be considered free of interfering factors under the conditions of the test if the 
measured concentration of the endotoxin added to the sample solution falls within 50-200% range of the 
known added endotoxin concentration. If the test does not meet this criterion, method C shall be used.  
Depending on the method performed, different values of the dilution factor of the test product are 
determined. 
The dilution factor (f) for methods A and B means the highest concentration of the test product (lowest 
dilution) for which the endotoxin recovery is within 50-200%. This dilution is determined during product 
validation. 



For method A: 
2xf- a twofold dilution at xf, not exceeding the MVD 
4xf- a twofold dilution at 2xf, not exceeding the MVD 
 
For method B: 
f1 is a solution of the test sample at the selected dilution, not exceeding the MVD. The dilution factor of 
the specific test sample solution is selected based on the analysis of the validation data, e.g., 1/2 MVD. 
f2 is a solution of the test sample at the selected dilution not exceeding the MVD. The dilution factor of the 
specific test sample solution is selected based on the analysis of the validation data, e.g., MVD. 
 
For method C: 
f1, f2 and f3 are the dilutions of the test sample determined for the control series in the test for interfering 
factors. 
 
The Maximum Valid Dilution (MVD) is calculated using the formula: 
 
MVD= Contaminant limit concentration (CLC) × Concentration of sample solution (CSS)/ LOD,  
 
where the CLC is the maximum tolerated concentration of contaminants, which is specified in units such as 
IU/ml, IU/mg, IU/Unit of biological activity of a drug product (DP) and shall be deemed the criterion for a 
positive or negative decision; 
CSS is the concentration of sample solution, i.e., the concentration of the test product or active ingredient 
for which contaminant limit concentration is indicated. 
LOD is the limit of detection, is the concentration of bacterial endotoxins corresponding to the threshold 
value, which is determined using the endotoxin standard calibration curve or with a series of drugs 
approved as control, and is expressed in EEU/ml. One EEU stimulates the release of the same amount of IL-
1ß, IL-6, TNFa as 1 unit of endotoxin (EU). 

The formula for calculating CLC is generally noted as (general chapter «Bacterial Endotoxins»): 

Contaminant limit concentration (CLC) = K/M,  

where K is the Threshold Pyrogenic Dose, expressed per kg of body weight  

and M is the maximum dose of the material per kg of patient and per hour of total administration. 



Test For Interfering Factors in IL-6 (interleukin-6) determination  
After the optimal dilution factor of the test sample is determined, its negative effect on interleukin-6 
measurement shall be tested. For this purpose standard dilutions of interleukin-6 shall be prepared in the 
absence and presence of the test sample in dilution that is tested for interfering factor. All IL-6 control 
dilutions shall show ± 20% difference between dilution in absence and presence of the product.  
 

METHOD A: QUANTITATIVE TESTING 
 
Method A involves a comparison of the sample being examined with a standard endotoxin dose-response 
curve. The contaminant concentration of the sample being examined is to be less than the CLC to pass the 
test. Three different sample dilutions are prepared, A, B and C. 
 
- Solution A: the lowest dilution of the test sample, for which endotoxin concentration falls within 
50 to 200%. Dilution factor = 1xf. 
- Solution B:  two-fold dilution of solution A, not exceeding MVD; Dilution factor = 2xf. 
- Solution C:  two-fold dilution of solution B, not exceeding MVD. Dilution factor = 4xf. 
 
For each dilution shall be prepared a positive product control at concentration of endotoxin equal to R4. 
Maximum number of test samples per 96-well plate: 2 
Endotoxin standard range: 0.0 - 2.0 UE/ml 
Non-endotoxin controls: HKSA and LTA. 
 
Recommended Solution Arrangement: 
 

 
 



- R1-7: Serial dilutions of the reference standard endotoxin 
- Blank: Negative control; 
- A1-2: Sample dilution at 1 x f  
- AS1-2: Sample dilution at 1 x f, spiked with endotoxin at concentration R4 
- B1-2: Sample dilution at 2 x f  
- BS1-2: Sample dilution at 2 x f, spiked with endotoxin at concentration R4  
- C1-2: Sample dilution at 4 x f 
- CS1-2: Sample dilution at 4 x f, spiked with endotoxin at concentration R4  
- AS1-2 LTA : Sample dilution at 1 x f, spiked with LTA 
- AS1-2 HKSA: Sample dilution at 1 x f, spiked with HKSA. 
 

Method B: Semi-quantitative test 
 
Method B involves a comparison of the sample being examined with endotoxin standard. The contaminant 
concentration of the pyrogens in the sample being examined shall be less than the CLC to pass the test. 
Three sample dilutions (A, B and C) are prepared. 
 
- Solution A: a solution of the test sample in the dilution at which the test for interfering factors was 
performed. Dilution factor = f. 
- Solution B:  a solution of the test sample in the dilution not exceeding MVD; the dilution factor of a 
particular test sample is selected as a result of the validation data analysis, e.g., MVD/2. Dilution factor = f1 
- Solution C:  a solution of the test product in the dilution not exceeding MVD; the dilution factor of a 
particular test sample is selected as a result of the validation data analysis, e.g., MVD. Dilution factor = f2 
 
Maximum number of test samples per 96-well plate: 3  
Endotoxin standard range: 0.0 - 2.0 EU/mL  
NEP controls: N/A. 
 
Recommended Solution Arrangement: 
 

 
 
 



- R1: Reference standard endotoxin at concentration of 0.5 x estimated LOD  
- R2: Reference standard endotoxin at concentration of 1.0 x estimated LOD  
- R3: Reference standard endotoxin at concentration of 2.0 x estimated LOD  
- R4: Reference standard endotoxin at concentration of 4.0 x estimated LOD  
- R5: Reference standard endotoxin at concentration of 8.0 x estimated LOD 
- Blank: negative control  
- A1-3: Sample dilution at f 
- AS1-3: Sample dilution at f, spiked with endotoxin at concentration 2x LOD  
- B1-3: Sample dilution at f1  
- BS1-3: Sample dilution at f1, spiked with endotoxin at concentration 2x LOD 
- C1-3: Sample dilution at f2  
- CS1-3: Sample dilution at f2, spiked with endotoxin at concentration 2x LOD. 
 

Method C: Reference lot comparison test 
 
Method C involves a comparison of the sample being examined (L) with a validated reference lot (R) of that 
sample. The reference lot is selected according to reasonable and approved criteria. Three different 
sample dilutions (f1, f2, f3) of the test product and three different sample dilutions (f1, f2, f3) of the 
reference lot ((A, B and C) are prepared.  
The dilution factors of f1, f2, f3 are determined in the test of the reference lot for interfering factors. 
 
Maximum number of test samples per 96-well plate: 3  
Endotoxin standard range: N/A  
NEP controls: N/A. 
 
Recommended Solution Arrangement: 
 

 



- Blank: negative control  
- LPS control: positive control  
- AR1-3: Reference lot sample at dilution f1  
- BR1-3: Reference lot sample at dilution f2 

-CR1-3: Reference lot sample at dilution f3 

- AL1-3: Test lot sample at dilution f1 

- BL-3: Test lot sample dilution f2  
- CL1-3: Test lot sample dilution f3 
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