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range of endotoxin concentrations required. 
Concentrations of 1.0, 0.5, 0.25, 0.125, 0.0625 and 
0.03125 EU/mL are recommended to verify Pyrotell®-
T performance. The lowest endotoxin concentration in 
any standard series is the detection limit of that 
particular test and is designated λ. To get to the range 
of standards required, use as few dilutions as possible 
with appropriate pipet volumes to maximize accuracy. 

b. Positive control (a single standard endotoxin 
concentration) should be included if the standard 
series (see a. above) is not prepared in the same way 
as the positive product controls (see c.). A 
concentration of 4λ is appropriate for standard curves 
constructed from 4, 5 or 6 twofold dilutions of 
standard endotoxin (e.g., 4λ = 0.125 EU/mL in the 
standard series given in section a. above). In situations 
where the increment of dilution is greater than 
twofold, the concentration of the positive control 
should equal that of a standard from the middle of the 
standard curve. For example, a value of 0.1 EU/mL 
would be appropriate for positive controls included 
with a standard series that is comprised of 0.001, 0.01, 
0.1, and 1.0 EU/mL, concentrations. If a standard 
series is not included in a test, a positive control must 
be included to verify that it is appropriate to use the 
parameters of a previous standard curve to calculate 
endotoxin concentrations. Refer to the FDA guideline 
(1) and Interim Guidance (2) under Routine Testing of 
Drugs (or Devices) by the LAL Test for details. 

c.  Positive product controls are inhibition/ 
enhancement controls and consist of the specimen or 
dilution of specimen to which standard endotoxin is 
added. The concentration of added endotoxin in the 
test specimen should be the same as that of the 
positive control. See section b. above for selection of 
the appropriate endotoxin concentration for the 
positive product control. The added endotoxin is 
frequently referred to as a “spike.” 

2.  Negative controls 
LRW negative controls should be included with each test. 

Specimen Preparation - 
Determination of Test Dilution 

If a test protocol has been developed previously for the type of 
specimen under test, make the necessary dilution for the assay 
and proceed as directed under “Performing the Test” below. If 
a protocol has not been developed for the specimen type, make 
a series of tenfold dilutions of the specimen. Do not exceed 
the Maximum Valid Dilution (MVD) of the product by more 
than a factor of 10. [Refer to the “Limitations of Procedure” 
below or USP (1) for explanation and calculation of MVD]. 

 Prepare appropriate dilutions of all specimens with a positive 
product control for each one. 

Performing the Test 
Consistent technique is necessary to obtain satisfactory 
results. All controls and specimens should be tested in (at 
least) duplicate. 

1.  Prepare test instrumentation as necessary. In an automated 
system this usually involves entering sample descriptors 
and setting of sample test parameters. 

2.  Add the appropriate volume of sample (negative control, 
endotoxin standard, specimen, positive control or positive 
product control) to the reaction tube or microplate. For a 
1:1 ratio in the Pyros Kinetix Flex use 0.1 mL; for a 1:4 
ratio in the Pyros Kinetix Flex, use either a 0.2 mL or 0.4 
mL volume. 

3.  Add Pyrotell®-T as appropriate for procedure. For 
methods using individual reaction tubes the timing of the 
reaction in each tube is critical. To each reaction tube in 
turn, add Pyrotell®-T, mix for approximately 2 seconds 
and place the tube into the incubating optical reader. The 
volume of Pyrotell®-T added is  0.1 mL for the 1:1 ratio 
method of the Pyros Kinetix Flex, and most other 
methods. For the Pyros Kinetix Flex 1:4 ratio, if the 
sample volume is 0.4 mL, add 0.1 mL LAL. If using a 
sample volume of 0.2 mL, a volume of 0.05 mL of LAL is 
appropriate. Failure to mix adequately is a common  
cause of unsatisfactory tests. Pyrotell®-T may be added 
most conveniently using a repeating pipettor. A fresh pipet 
or pipet tip is recommended for each entry into the 
Pyrotell®-T vial. Different volumes of Pyrotell®-T may be 
appropriate for other test protocols. 

4.  Once the incubation has started, do not disturb the 
reaction tube(s). The laboratory bench supporting the 
incubator/ optical reader should be free from excessive 
vibration. 

5.  Read the test. Allow the test to run until all samples have 
incubated for longer than the time required for the lowest 
standard endotoxin concentration to reach onset OD. 
Automated test systems will usually terminate the test 
after a preset period. 

Results 
1.  Preliminary calculations. 

Determine the time taken for specimens to reach a 
particular optical density threshold (usually 0.02 OD units 
in a tube reader) after any data corrections have been 
made. Optical density readings must be relative to an 
initial reading taken to be 0 OD units. The system 
software will do this. The time taken to reach the OD 
value is called the onset time. 

2.  Construct a standard curve. 
Construct a standard curve by linear regression of the log 
onset time on the log endotoxin concentration for the 
standards. The equation for the regression line describes 
the standard curve (unless the option to use polynomial 
regression is taken as described in the following 
paragraph). 

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

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

Y = aX + b 
where: 
Y = log onset time 
X = log endotoxin concentration 
a = slope of the line 
b = the Y intercept. 
 
For the quadratic model the equation is: 

Y=a1X+a2X2+b 

Where a1 and a2 are the slopes of X and X2 

These calculations are commonly performed by endotoxin test 
system 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 less than that of the lowest 
standard concentration. 

2.  When a standard curve is included with the test, the 
absolute value of the correlation coefficient for the 
standard curve should be greater than or equal to 0.980. 

3.  The mean measured endotoxin concentration of positive 
controls must be within 25% of the nominal concentration. 
Thus, if the positive control is 0.125 EU/mL, the 
measured concentration must be between 0.093(75) and 
0.156(25) EU/mL. 

4.  Determine the mean range of onset times for the standard 
curve. For example, if the onset times of two replicates of 
the highest standard endotoxin concentration are 1079 and 
1087 seconds and those for the lowest concentration are 
1954 and 1968, the mean range of onset times is 1083  
to 1961. Valid endotoxin concentrations can only be 
calculated for specimens with a mean onset time that falls 
within the mean range of onset times of the standard 
curve. 

For example, a valid result can be given for an unknown 
that gives onset times of 1949 and 1965 (mean = 1957), 
despite the fact that one of the replicates lies outside the 
standard range. 

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) at a specimen concentration 
that is greater than the minimum valid concentration (MVC), 
then the LAL test 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 the initial specimen 
concentration divided by the MVC. 

The endotoxin tolerance limit is for parental drugs is specified 
in the individual monographs(1). The limit for medical devices 
is expressed per mL of an extraction or rinse volume obtained 

as described in the USP (10) 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. 

Trypsin will cause a false positive result unless denatured by 
heat treatment before testing. Materials such as blood, serum, 
albumin, and plasma may interfere with turbidimetric assays. 

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 problems 
using Pyrotell®-T.  

To download a copy of the Pyrotell®-T Instructions for Use in 
various languages, please visit www. acciusa.com 




