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Introduction

Endotoxins, which are part of the lipopolysaccharide complex
that forms the outer envelope of gram-negative bacteria, are re-
leased during the lysis of a microorganism or cell division.! An
essential part of quality assurance and quality control involves
testing end-product injectable drugs, medical devices, and raw
materials for endotoxins. Because of their reliance on sterility
testing, compounding pharmacies often omit endotoxin testing.
However, a sterility test does not accurately identify endotoxins
because of their chemical nature and because only gram-negative
bacteria produce endotoxins.

The importance of testing for endotoxins in humans cannot
be emphasized enough because of the pyrogenic or immunore-
sponsive reactions that can occur after exposure to bacterial py-
rogens. Humans are particularly sensitive to minute amounts of
endotoxins, and mild gram-negative bacterial infections can of-
ten cause a pyrogenic response. The presence of endotoxin in the
bloodstream can cause fever, inflammation, and (frequently) ir-
reversible shock. Higher concentrations of endotoxins that cause
irreversible shock have been observed in cases characterized by
fulminating gram-negative bacteremia. Similar situations have
been referred to as septic shock. Each year, approximately 300,000
cases of septic shock that result in about 100,000 deaths occur
in the United States.!

Originally, endotoxin testing and pyrogen testing were per-
formed by injecting a group of rabbits with the injectable prod-
uct and monitoring those rabbits for an increase in body tem-
perature. The rabbit pyrogen test is detailed in United States
Pharmacopeia (USP) monograph <151>.” More recently developed
in vitro tests have a level of sensitivity higher than that of the
rabbit pyrogen test. The in vitro tests use limulus amebocyte lysate
(LAL), which is an aqueous blood cell extract from the horse-
shoe crab. Three types of LAL endotoxin testing methods (the
gel-clot method, the chromogenic method, and the turbidimet-
ric method) have been approved by the United States Pharma-
copeia for the evaluation of end-product injectable drugs, med-
ical devices, and raw materials.

The Gel-Clot Method

The gel-clot method (gel-clot reaction) involves the use of a
clotting protein that is cleaved by an activated clotting enzyme,
at which point the insoluble cleavage products coalesce by ion-
ic interaction to form the gel. Although the entire reaction has
not been determined, it is understood that the reaction leading
to clot formation involves a cascade of enzyme activation steps.?
The LAL test is performed by adding 100 pL of reconstituted
Pyrotell (Associates of Cape Cod, Incorporated, Falmouth,
Massachusetts) to 100 pL of the test specimen in a 10 x 75 mm
depyrogenated flint (soda lime) glass reaction tube (Product #
T100, Charles River Endosafe, Charleston, South Carolina). The
reaction solution is mixed thoroughly and is placed immediate-
ly in a dry-block incubator or noncirculating water bath at 37°C
+ 1°C for 60 = 2 minutes. At the end of the incubation period,
the tube is removed from the incubator and is inverted. If a gel
has formed and remains intact in the bottom of the reaction
tube after an inversion of 180 degrees, the test is positive. A
positive test indicates that the concentration of endotoxin in
the tube is greater than or equal to the sensitivity of the Pyrotell.
Any other state of the reaction mixture constitutes a negative test,
which indicates an endotoxin concentration less than the Pyrotell
sensitivity. The test is considered negative if a gel has formed
but breaks or collapses when inverted.’

The gel-clot method is often thought of as the most accurate
and sensitive procedure for testing endotoxin content in phar-
maceutical injectable products because fewer false-positive and
false-negative results are observed when that method is used.
Although some medications interact with the substances used
in the gel-clot method, an inhibitory or initial test should be per-
formed to determine whether the test article inhibits, enhances,
or has no effect on the test reagents. Many drugs enhance or in-
hibit those test reagents to produce either false-positive or
false-negative results. Although the gel-clot method is by far
the most accurate test, it is also the most time consuming to
perform. No automated systems that use the gel-clot method
are available. Other factors that can affect the results of the gel-
clot method include chemical inhibitors (eg, ethylenedi-
aminetetraacetic acid [EDTA]) that cause the chelation of diva-
lent cations necessary for the LAL reaction, protein denaturation
from an agent such as fluorescein, pH disruption (ie, a pH val-
ue not within the range of 6.0 to 7.5), and physical inhibitors
that can adsorb the endotoxin or produce viscosity.*

The Chromogenic Method

The chromogenic method was developed in 1977 by Japanese
investigators who determined that endotoxin-activated LAL would
cleave amino acid cleavage sites containing chromogenic pep-
tides. That method is based on the cleavage of the peptide co-
agulogen, which is caused by a cascade of enzyme activation steps.
The insoluble cleavage products include coagulogen and coag-
ulin, which coalesce by ionic interaction. When a sufficient
amount of coagulin is present, the test solution becomes turbid
and forms a gel clot.’
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In the presence of endotoxin, the components of LAL are
activated in a proteolytic cascade that results in the cleavage of a
colorless artificial peptide substrate present in Pyrochrome
LAL. Proteolytic cleavage of the substrate liberates p-nitroaniline
(pNA), which is yellow and has an absorbance of 405 nm. The
test is performed by adding a volume of Pyrochrome to a vol-
ume of specimen and incubating that reaction mixture at 37°C.
The higher the endotoxin concentration in the specimen, the faster
the production of pNA.> When the chromogenic method is used,
two methods of quantifying the endotoxin concentration in the
sample are available. The kinetic method relies on the amount
of time required for the sample to reach a particular absorbance
(405 nm). The onset time is determined by the concentration of
endotoxin in the sample. For example, a shorter reaction inter-
val indicates a higher endotoxin concentration in the sample.
In the endpoint chromogenic method, the measurement of
pNA after a set incubation period is used to determine the
endotoxin concentration. Both the kinetic method and the end-
point chromogenic method require a standard curve to determine
the endotoxin quantities present in the sample.

The advantages of using the chromogenic method are many.
There are automated systems available that decrease the amount
of time required to perform the test (and therefore increase the
number of tests that can be performed). When many tests for
endotoxins must be performed, an automated chromogenic method
is the best solution. That method is very user-friendly, and the
results can be calculated easily. Caution should be taken when
substances that denature proteins, chelate ions, bind endotox-
ins, or alter the hydrophobic state of endotoxins are tested;
those substances may interfere with the test. Some serine
proteases (eg, trypsin, activated blood factors) cause a false-
positive result unless they have been denatured by heat before
testing. Animal serum, albumin, plasma, and other substances
may interfere with pNA-based chromogenic assays because of
their yellow color. Excess turbidity in a sample may also inter-
fere with the test, unless the turbidity can be subtracted from
the blank or the sample can be treated to remove the turbidity.’

The Turbidimetric Method

The turbidimetric method is somewhat analogous to the
chromogenic method and requires similar calculations. The
sequence of events that occurs in the turbidimetric method,
which is comparable to that of the gel-clot and chromogenic
methods, is unknown with the exception of the final step. That
step involves the cleavage of a clotting protein by an activated
clotting enzyme. The cleavage products coalesce as a result of
ionic interactions that occur after the cleavage and cause the
reaction mixture to become turbid.®

The turbidimetric method can be used to determine the en-
dotoxin content of a sample in two ways. Both require the use
of a standard curve but differ in the endpoint for measurement.
The endotoxin concentration can be determined by using opti-
cal density measurements to compare the sample with authentic
standards to measure the rate of increase in turbidity, the dura-
tion of time until the desired turbidity level is achieved, or the

extent of turbidity after a defined incubation period.

An automated system that aids throughput is available for
this method as well as the chromogenic method. Like the chro-
mogenic method, the turbidimetric method can be altered by
testing blood, serum, albumin, plasma, and similar materials.
The turbidimetric method is sensitive to suspended or turbid
materials and can result in a false positive if the sample is not
prepared correctly. Trypsin is another example of a sample
that, when tested, can cause a false-positive result unless the
sample is properly denatured.®

Conclusion

All three endotoxin-testing methods described in this article
have been approved by the USP for use with injectable drugs
and other products. Although each method has advantages and
disadvantages, all can be used to accurately and effectively de-
termine the presence of endotoxins in various products. Many
scientists believe that the gel-clot method is the most accurate
method of determining endotoxin content. When the gel-clot
method is used, fewer interactions that can inhibit the reaction
occur, but the long preparation process can delay results. The
turbidimetric method can be performed with an automated
system. It is also easy to perform, but many individuals feel that
false-positive results often occur when that method is used.
The chromogenic method is very user-friendly and can be per-
formed with an automated system, but many compounds can
interact when that method is used. As a result, the chromogenic
method cannot be used in many cases. In addition to the draw-
backs of each of these three methods recommended by the USP,
errors made by technicians and the misinterpretation of results
are also common problems. Regardless of which method is
used, laboratories and pharmacies should ensure that their
technicians are well trained and educated in the endotoxin test-
ing method of choice.
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