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Performing the Test 
Consistent technique is necessary to obtain satisfactory 
results. 
1. Add 0.1 mL of reconstituted Pyrotell to each reaction tube 

containing 0.1 mL test specimen or control. Use a 
graduated (0.1 mL increments) pipet, or an automatic or 
repeating pipetter. Add Pyrotell to the negative control(s) 
first and from the lowest to highest concentration in each 
test series where carryover may be a problem. A fresh 
pipet or pipet tip is recommended for each entry into the 
Pyrotell vial. Shake the rack of tubes vigorously for 20 to 
30 seconds to ensure thorough mixing. If there are only a 
few tubes, each may be vortex mixed for 1 to 2 seconds. 
Failure to mix adequately is a common cause of 
unsatisfactory tests. 

2. Place the reaction tubes in a 37 ± 1°C water or dry bath 
for 60 ± 2 minutes. The reaction begins when LAL is 
added to the test specimen but does not proceed at an 
optimum rate until the mixture reaches 37°C. If large 
numbers of specimens are tested in parallel, the tests 
should be batched and started at intervals that permit the 
reading of each within the time limit. 

Do not disturb the reaction tubes during the incubation 
period. The gel-forming reaction is delicate and may be 
irreversibly terminated if the tubes are handled, agitated or 
vibrated. Do not use a water bath with a stirrer or other 
source of vibration. Submerge tubes above the level of the 
reaction mixture but not so deeply that they float or move 
about in the racks. 

3. Remove and read reaction tubes one at a time. Do not 
wipe the tubes dry or bump them against the side of the 
rack during removal. Invert the tube in one smooth 
motion; do not pause half way in the inversion unless it is 
obvious that the gel has not formed. A positive test is 
indicated by the formation of a gel which does not 
collapse when the tube is inverted. 

Results and Interpretation 
Example of Standard Endotoxin Series 
Confirm the sensitivity of the Pyrotell and qualify the 
laboratory or technician by performing the LAL test on a 
series of known standard endotoxin concentrations (1, 2) that 
bracket the labeled sensitivity (i.e., 2λ, λ, 0.5λ, and 0.25λ). For 
this example, the Pyrotell sensitivity (λ) is 0.25 EU/mL: 

Endotoxin Concentration  Test Result 
0.5 EU/mL (2λ)  + 
0.25 EU/mL (λ)  + 
0.125 EU/mL (0.5λ)  – 
0.06 EU/mL (0.25λ)  – 
LRW (negative control) – 

The endpoint of this assay is defined as the least concentration 
of endotoxin to give a positive test. The labeled sensitivity of 
the Pyrotell is confirmed if the endpoint is λ plus or minus a 
twofold dilution. In this example, the concentration of 
endotoxin in the last positive tube in the series is 0.25 EU/mL 
or λ; therefore, the sensitivity is confirmed. The test would be 
valid (sensitivity confirmed) if the endpoint were 0.125 to 0.5 
EU/mL (the error of the method). To show an endpoint of 
0.125 EU/mL, the 0.06 EU/mL level must be present in the 
series and be negative. 

When the endotoxin assay is replicated, sensitivity is 
expressed as the geometric mean (GM) of the individual 
sensitivities: 

GM = antilog ((Σe)/f ) 

where Σe = sum of log endpoints, and f = number of replicate 
endpoints. 

The LRW negative control should give a negative test. If the 
negative control clots, the LRW, glassware, or Pyrotell is 
contaminated. The mixture should be clear with no increase in 
viscosity. “Snowflake” or flocculent precipitation indicates an 
endotoxin concentration less than the Pyrotell sensitivity. 

In the absence of the endotoxin series (1), a positive control 
may be included with the tests. The positive control at 2λ is 
the 0.5 EU/mL level in the example above. If the positive 
control is negative, the Pyrotell sensitivity is less than twofold 
of the labeled sensitivity and the specimen test is invalid. Loss 
of sensitivity may mean the Pyrotell has deteriorated, the 
endotoxin lost potency (often because of adsorption to 
container surface), or the test has not been conducted properly. 

Example of a Limits (Pass/Fail) Test 
It is possible to test one specimen concentration with a given 
sensitivity of Pyrotell and have the result indicate whether or 
not the test specimen has more or less endotoxin than its limit. 
In this example, the specimen concentration is 1 mg/mL and 
the desired or predetermined endotoxin limit for the specimen 
is 3 EU/mg (see “Limitations of Procedure”). The limit 
expressed in EU/mL, 

(3 EU/mg) (1 mg/mL) = 3 EU/mL, 

is greater than the sensitivity of the Pyrotell, 0.25 EU/mL, so 
the specimen must be diluted to perform a pass/fail test. 
Determine the specimen dilution that will indicate a pass, < 3 
EU/mL, or a fail, ≥ 3 EU/mL, by dividing the endotoxin limit 
in EU/mL by the sensitivity of the LAL: 

3 EU/mL / 0.25 EU/mL = 12. 

Combine one part specimen with 11 parts LRW to achieve the 
1:12 dilution and test. The result will indicate whether the 
specimen passes the test at the 3 EU/mL limit. Positive 
product controls are included at the specimen dilution to rule 
out false negative results. 

Example of a Specimen Assay 
Endotoxin is quantified in an assay by finding the endpoint in 
a series of specimen dilutions. In the example below, the 
specimen is diluted with LRW and the dilutions in the table 
are tested; λ is 0.25 EU/mL. The results are scored as positive 
or negative. 

Specimen Dilution Test Result 
undiluted  + 
1:2  + 
1:4  + 
1:8  – 
1:16  – 
1:32  – 
negative control – 

To calculate the concentration of endotoxin in the specimen, 
multiply the Pyrotell sensitivity (λ) by the reciprocal of the 
dilution at the endpoint: 

Conc. = (λ)(4/1) = (0.25 EU/mL)(4) = 1 EU/mL. 

The concentration for replicate assays is expressed as the 
geometric mean. 

A positive product control (specimen spiked with 2λ 
standard endotoxin) must be present and test positive to rule 
out false negative results. If the positive product control is 
negative and the positive control is positive, the specimen is 
interfering with (inhibiting) the LAL test. The specimen 
should be retested at a greater dilution (not to exceed the 
MVD; see “Limitations of Procedure”). 

 

Limitations of Procedure 
The procedure is limited by the capacity of the specimen to 
inhibit or enhance the LAL test. If the procedure cannot be 
validated (1, 2) 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 (1) is 0.2 EU/kg for drugs with 
an intrathecal route of administration and 5 EU/kg for all other 
parenterals. The limit for medical devices is expressed per mL 
of an extraction or rinse volume obtained as described in the 
FDA guideline (1). For devices that contact cerebrospinal 
fluid, the limit is 0.06 EU/mL; for those that do not, it is 0.5 
EU/mL. 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, 
and plasma should be treated to inactivate inhibitors prior to 
testing (12). 

Expected Values 
Endotoxin can be quantified if the concentration is greater 
than or equal to the Pyrotell sensitivity. Materials derived 
from biological sources, even after biochemical purification, 
may 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. 

Specific  Performance Characteristics 
The error of the gel-clot method is plus or minus a twofold 
dilution at the endpoint of the assay. 
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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. We will replace any of our products that do not 
perform to product specifications; you must notify us before 
returning product. 


