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2.  Add to the reaction vessel the appropriate volume of sample (negative control, 
endotoxin standard, specimen or positive product control) to give the appropriate ratio 
when Pyrochrome® is added (see 3. below). 

Tests run in a microplate reader: a 1:1 lysate to sample ratio is used. For optimal 
performance, use a volume of 0.05 mL of sample for any such method (kinetic, 
endpoint or diazo-coupling). Alternatively, 0.1 mL may be used for the kinetic and 
endpoint methods, though use of 0.05 mL is recommended to attain maximum 
sensitivity or for a wide range standard curve (greater than three log range). 

Tests run in the Pyros Kinetix® Flex tube reader: a lysate to sample ratio of either 1:1 
or 1:4 may be used. A sample volume of 0.1 mL is required for tests run using a 1:1 
ratio of Pyrochrome® LAL reagent to sample. For tests in the Pyros Kinetix® Flex tube 
reader in which a 1:4 ratio of Pyrochrome® LAL reagent to sample is used, the sample 
volume should be 0.2 mL. 

3.  Add Pyrochrome® as appropriate for the method and mix. Failure to mix adequately is 
a common cause of unsatisfactory tests. Most platereaders have a shake function. 

a.  For a microplate, a 1:1 lysate to sample ratio is used and the volume of 
Pyrochrome® added is equal to the sample volume (see 2. above; typically 0.05 
mL). Add Pyrochrome® as rapidly as possible to all samples and mix from 5 to 30 
seconds. Either put the plate on an incubator block (for an endpoint test) or into an 
incubating microplate reader (for a kinetic test).  Read the plate with the cover off. 

b.  For methods using individual reaction tubes or cuvettes, the volume of 
Pyrochrome® added can either be equal to the sample volume (0.1 mL in a Pyros 
Kinetix® Flex tube reader) or one quarter for the sample volume (0.05 mL in a 
Pyros Kinetix® Flex tube reader). Importaint: the reaction time should be the same 
for all tubes. In the case of the Pyros Kinetix® Flex tube reader, the instrument 
detects the reaction tube upon insertion and initiates timing. To each reaction 
vessel in turn, add Pyrochrome®, mix for approximately 2 seconds and place the 
vessel into the incubating device (for endpoint tests) or tube reader (for kinetic 
tests). 

Regardless of whether microplates or reaction tubes are used, a repeating pipettor 
is convenient for adding Pyrochrome®. 

Care should be taken to avoid contaminating the vial of Pyrochrome® when 
handling the reagent. 

4.  Read the test. 

a.  For the kinetic method, allow the test to run until all samples have incubated for 
significantly longer than the time required for the lowest standard endotoxin 
concentration to reach the onset OD405. Automated test systems will usually 
terminate the test after a preset period. Request recommended incubation times 
for guidance. 

b.  For the endpoint method, time the incubation precisely, remove the plate or 
reaction tubes from the incubator, stop the reaction by adding 50% acetic acid 
(volume sufficient to give a final concentration 10% acetic acid; use 0.025 mL for 
sample/Pyrochrome® volumes of 0.05 mL) and read the optical density (OD) in a 
spectrophotometer or microplate reader (as appropriate) at 405 nm. The test 
should be set up and read so that the incubation time for each sample is the same 
(within ±30 seconds). The incubation period depends on the endotoxin 
concentration range desired and is likely to vary with different lots of 
Pyrochrome®. Preliminary tests may be necessary to determine the correct 
incubation period. See the recommended incubation times for guidance. 

Preliminary tests may be necessary to determine the correct incubation period. 

Results 
1.  Preliminary calculations. 

For the kinetic method, determine the time taken for specimens to reach a particular 
optical density threshold (usually 0.03 OD units) after any data corrections have been 
made. Optical density readings must be relative to an initial reading taken to be zero 
OD units. Many microplate readers have software packages that perform these 
calculations. The time taken to reach the OD value is called the onset time. 
 

2.  Construct a standard curve. 
a. For the kinetic method, construct a standard curve by regression of the log onset 

time on the log endotoxin concentration for the standards. The equation for the 
regression line describes the standard curve. 

Provided that the absolute value of the correlation coefficient for the standard 
curve is at least 0.980 (see point 2. under Interpretation below), a second 
degree/order polynomial (i.e. quadratic) regression line equation may be used to 
calculate endotoxin concentrations. 

b. For the endpoint method, construct a standard curve by plotting optical density 
readings against standard endotoxin concentrations. 

3.  Calculate the endotoxin concentrations. 
Calculate endotoxin concentrations of all specimens (including standards and controls) 
using the equation for a straight line:  
 

Y = aX + b rearranged as X = (Y – b) / a 
 
where: 

Y = log onset time (kinetic method), or optical density (endpoint method) 
X: Kinetic method: X = log endotoxin concentration (it is necessary to determine  
     the antilog of X to obtain the endotoxin concentration)  
     Endpoint method: X = endotoxin concentration 
a = slope of the line 
b = the Y intercept 

Multiply the endotoxin concentration calculated from the standard line by the dilution 
of the sample to express the concentration in terms of the original, undiluted sample. 

These calculations are commonly performed by endotoxin testing software. 

 
Interpretation 
1.  In order for a test to be valid, the endotoxin concentration of negative controls 

(estimated by extrapolation of the standard curve) should be significantly less than that 
of the lowest standard concentration. 

2.  The correlation coefficient for the standard curve included with the test should have an 
absolute value of at least 0.980. 

3.  The mean measured endotoxin concentration of positive controls (for verification of 
an archived curve) must be within 25% of the nominal concentration. Thus, if the 
positive control is 0.125 EU/mL, the measured concentration must be between 
0.09375 and 0.15625 EU/mL. 

4.  Endotoxin concentrations can only be reported for the range from the lowest to the 
highest standard endotoxin concentration. Results for specimens that lie outside of this 
range should be reported as either less than the lowest standard concentration (not 
detectable) or greater than the highest standard concentration. 

For the endpoint method, valid endotoxin concentrations can only be calculated from 
OD values that lie on the linear portion of the standard curve. 

5.  In order to demonstrate that the specimen does not significantly interfere with the 
LAL/endotoxin reaction, the measured endotoxin concentration of the positive product 
control must be within 50 to 200% of the nominal concentration of the added 
endotoxin ‘spike.’ Before determining whether the spike is recovered within these 
limits, subtract the endotoxin concentration measured in the (unspiked) specimen. For 
example, in order to be considered free of significant interference, the measured 
endotoxin concentration in a 0.125 EU/mL positive product control (after subtraction 
of any endotoxin in the unspiked specimen) must be within the range 0.0625–0.25 
EU/mL (50 to 200% of 0.125 EU/mL). If the measured endotoxin concentration in the 
unspiked specimen is 0.028 EU/mL and that in the positive product control is 0.163 
EU/mL, the endotoxin attributable to the spike is 0.163 – 0.028 = 0.135 EU/mL. This 
is within the range and subject to other requirements being met; the test of the sample 
is valid. 

Limitations of Procedure 
The procedure is limited by the extent of the inhibition or enhancement capacity of the 
specimen under test. If the procedure cannot be validated (1, 2) at a specimen 
concentration that is greater than the minimum valid concentration (MVC), then the 
bacterial endotoxins test using LAL reagent cannot be substituted for the USP Pyrogen 
Test. The MVC is calculated as follows: 

(λ) (specimen dose) 
MVC = ___________________________________________ 

(endotoxin tolerance limit) 

where λ is in EU/mL, specimen dose is in units per kg body weight, and the endotoxin 
tolerance limit is in EU/kg. 

The maximum valid dilution (MVD) is the specimen dilution containing the MVC (1). It is 
calculated by dividing the initial specimen concentration by the MVC. 

The endotoxin tolerance limit is 0.2 EU/kg for drugs with an intrathecal route of 
administration and 5 EU/kg for all other parenterally administered products. The limit for 
medical devices is expressed per mL of an extraction or rinse volume obtained as described 
in the USP (18) based on the limits for devices. For devices that do not contact 

cerebrospinal fluid, the limit is 20 EU/device; for those that do, it is 2.15 EU/ device. The 
limit for liquid devices is the same as that for drugs per the FDA guideline (1). 

Some serine proteases (e.g. trypsin, activated blood factors) will cause a false positive 
result unless denatured (for example, by heat treatment) before testing. Yellow-colored 
materials such as animal serum, albumin, and plasma may interfere with pNA based 
chromogenic assay. For these products, use the diazo-coupling assay (Associates of Cape 
Cod, Inc. catalog number CD060). Excess turbidity in a sample may also interfere with the 
test. 

Expected Values 
Endotoxin in specimens can be quantified between the range of standard endotoxin 
concentrations used to construct the standard curve. If it is necessary to dilute the specimen 
to overcome any inhibition or enhancement, the least amount of endotoxin that can be 
detected will be increased accordingly. Materials derived from biological sources, even 
after biochemical purification, may still contain measurable levels of endotoxin. Water 
obtained by distillation, reverse osmosis, or ultrafiltration may contain less endotoxin than 
detectable as long as the purification process is operating correctly and the water is not 
contaminated after production. 
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Our experienced staff will be pleased to discuss the practical and theoretical aspects of the 
LAL test. 

Please call if you have questions about using Pyrochrome®. We will replace any of our 
products that do not perform to product specifications; contact Customer Service before 
returning product. 

 




