
SUMMARY AND GENERAL INFORMATION
The LAL test is the most sensitive and specific means available to detect and mea-
sure bacterial endotoxin, a fever-producing byproduct of gram-negative bacteria
commonly known as pyrogen. The basis of the test is that endotoxin produces an
opacity and gelation in LAL that is easily recognized.1-4,6 The simplicity and econ-
omy of the LAL Test encourages the testing of in-process solutions and raw mate-
rials as well as end-product drugs, devices and biologics.7 The USP Bacterial
Endotoxins Test and USFDA Guideline for LAL testing provide standard methods
for validating the LAL Test as a replacement for the rabbit pyrogen test.10,12

The end-point chromogenic LAL test method is a simple, reproducible, quantitative
test that is conducted by mixing ENDOCHROME™ and test specimen and moni-
toring the appearance of yellow color. With the aid of a photometer or a microplate
reader, an end-point chromogenic assay may be done where  the color intensity  is
directly related to endotoxin concentration in the sample. Endotoxin levels in
unknown samples are determined by comparison to a standard curve. With quan-
titative measurements, lambda (λ) is the lowest point on the standard curve.

BIOLOGICAL PRINCIPLES
Bacterial endotoxin initiates activation of a proenzyme (a cascade of serine pro-
tease enzymes) in LAL that cleaves a peptide from coagulogen to produce opaci-
ty.6 However, in the presence of a colorless substrate (S-2423), it rapidly catalyzes
the cleavage of the chromophore, p-nitroaniline (pNA). The pNA produces a yel-
low color that is measured spectrophotometrically at 405-410 nm.

Endotoxin    
1. Proenzyme --------------------> Enzyme

Enzyme
2. Substrate ----------------------> Peptide + pNA

Endotoxin measurement by an end-point chromogenic technique is dependent on
a direct relationship between endotoxin concentration and color development.

REAGENTS
LAL Reagent: Lyophilized Endosafe® ENDOCHROME™ LAL Reagent contains
buffered amebocyte lysate stabilized by monovalent and divalent cations. The sen-
sitivity (designated as λ) of a given kinetic assay is the lowest concentration used
to generate an endotoxin (CSE or RSE) standard curve.

Reconstitution: Collect LAL powder into the bottom of the vial by tapping on a
firm surface. Release the vacuum by carefully removing the stopper. Rehydrate
with 1.4 mL of LAL Reagent Water (LRW) immediately before use by pipetting it
directly into the vial. Cover the vial with the inner side of Parafilm® when not in
immediate use. LAL dissolves readily by gentle mixing into a colorless solution.
Discard if the vacuum is absent or a marked turbidity is present.

Storage: Lyophilized LAL is relatively heat stable and should be stored at 2-8° C;
avoid prolonged exposure to temperatures above 25° C. LAL reconstituted with
LRW may be stored for 4 hours at 2-8° C or for two weeks at or below -20° C imme-
diately after reconstitution. LAL may only be frozen and thawed once.

S-2423 Substrate: 10 mg lyophilized chromogenic substrate with mannitol filler.
Rehydrate with 7.2 mL of LRW. Reconstituted substrate is stable for one month at
2-8° C.

Buffer: Endotoxin-free buffer solution of 0.05 M Tris, pH 9.0, for mixing with sub-
strate.

E.coli Control Standard Endotoxin (CSE): Lyophilized CSE for positive controls.
Refer to Certificate of Analysis for potency, rehydration, and storage information.

LRW: Non-LAL reactive LRW for preparing reagents and test specimen.

Substrate-Buffer Solution: Mix one volume of Substrate solution and one volume
of buffer. The solution is stable for 8 hours at 20-25° C.

WARNINGS AND GENERAL PRECAUTIONS
Warnings: Endosafe® ENDOCHROME™ is intended for in vitro diagnostic pur-
poses only. Exercise caution when handling LAL because its toxicity is not known.

Correct application of this test requires strict adherence to all items in the recom-
mended procedures. Positive controls should be included in LAL protocols to
detect inhibitory conditions. All materials coming in contact with specimen or test
material must be endotoxin-free. Glassware must be depyrogenated by validated
conditions, such as three hours exposure at 200° C. It is prudent to test for endo-
toxin those materials that cannot be heat sterilized or those which are sold without
an endotoxin-free label.

SPECIMEN COLLECTION AND PREPARATION
All materials or diluents coming in contact with specimen or test reagents must be
endotoxin-free. Use aseptic technique at all times. Since the LAL-endotoxin reac-
tion is pH dependent, the specimen-LAL mixture should yield a pH of 6.5 to 8.0.
Use an endotoxin-free TRIS buffer (available from Endosafe) if pH adjustment is
necessary. Do not arbitrarily adjust the pH of unbuffered solutions.

PRODUCT INTERFERENCE
A test method must be validated for each sample by demonstrating the absence of
significant interference. Inhibition is usually concentration dependent, and is over-
come by dilution with LRW. Common sources of inhibition include conditions that
1) interfere with the enzyme-mediated reaction, and 2) alter the dispersion of the
endotoxin (Positive) control.9

Maximum Valid Dilution: The U.S. Food and Drug Administration has established
endotoxin limits of 5 EU/kg for intravenous drugs and 0.2 EU/kg for intrathecal
drugs.10 Specific limits for compendial items have been adopted.12 These limits
may be used to determine the extent of dilution that may be used to overcome an
interference problem without exceeding the limit endotoxin concentration.8 The
Maximum Valid Dilution (MVD) is calculated by formulae presented in the previous-
ly mentioned documents and other pharmacopeia.10,12

For drug products that have a published limit, the MVD may be calculated by the
following formula:

MVD  = Endotoxin Limit x Product Potency
λ

Note: For end-point chromogenic LAL testing λ is the lowest point on the stan-
dard curve.

For example, the compendial limit for cyclophosphamide is 0.17 EU/mg. If a stan-
dard curve with a lowest level of 0.1 EU/mL of endotoxin is used to test this prod-
uct, where the potency is 20 mg/mL, the MVD equals 1:34. Thus, cyclophos-
phamide may be diluted up to 1:34 to resolve potential inhibition.

Interference (inhibition/enhancement) testing is done by spiking a sample or dilut-
ed sample with a known concentration of endotoxin (equal to 4λ) and testing for
spike recovery in duplicate by the supplier’s instructions. Non-interference is con-
sistent with spike recovery within +/- 25% of the nominal endotoxin concentration.
That is, the calculated mean amount of endotoxin in the spiked drug product, when
referenced to the standard curve, must be within +/- 25% to be considered free of
inhibition or enhancement. Further dilute the sample in LRW, not to exceed the
MVD, until the spike is recovered consistently by the assay.

ADDITIONAL MATERIALS REQUIRED

Microplates.

Depyrogenated glass dilution tubes.

Repeating pipetter with individually wrapped, sterile dispensing syringes
(Eppendorf Repeater™ with 2.5 mL Sterile Combitips®, or equivalent).

Glass pipettes (recommended) and calibrated automatic pipetters with sterile
endotoxin-free tips.

Vortex-type mixer.

Note: Laboratory materials that need to be endotoxin-free should be validated or
certified to be less than the lowest endotoxin detection level of the test.

LIMULUS AMEBOCYTE LYSATE
ENDOCHROME™

U.S. LICENSE NO. 1197

MULTI-TEST VIAL FOR ENDOTOXIN (PYROGEN) DETECTION

INTENDED USE
For the quantitative detection of bacterial endotoxin in aqueous solution by end-point 
chromogenic Limulus amebocyte lysate (LAL) methods.
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TEST PROCEDURE
Timing of the test must begin when the LAL is added to the first microplate well.
Then keep a consistent rate of pipetting (use a repetitive hand dispenser).

Read the absorbance in a photometer reader at 405-410 nM.

END-POINT METHOD FOR THE DETERMINATION OF ENDOTOXIN IN WATER
STANDARDIZATION

1. Concentration range 0.15-1.2 EU/mL (high range)

Run a complete standard curve in each run, or once daily if consistency of the stan-
dard curve has been established. In the latter case, include the standard represent-
ing the 4λ of the standard curve in each run. Check that this standard does not dif-
fer more than 25% from the corresponding standard of the curve. The standards
should be run in duplicate.

The LAL / sample / standard incubation times may vary from 4-9 minutes and
should be established during the assay validation. See the CSE Certificate of
Analysis for the incubation interval recommended for each lot of Endosafe®

ENDOCHROME™.

2. Concentration range 0.015-0.12 EU/mL (low range)

The low-range measurements require longer incubation periods than those for the
high range of endotoxin detection. The LAL / sample / standard incubation times
may vary from 6-20 minutes. This incubation period should also be established
during the assay validation. See the CSE Certificate of Analysis for the low range
incubation interval recommended for each lot of Endosafe® ENDOCHROME™.

CALCULATION OF ENDOTOXIN CONCENTRATION
The endotoxin concentration in unknowns may be determined by calculator or
graphical methods. Ideally, a calculator or microprocessor with linear regression
capability is used. First, enter the standard curve data. Then, determine the cor-
responding endotoxin concentration of the samples by substituting their
absorbances into the standard linear regression.

For the graphical method, plot the values for the mean absorbance and corre-
sponding endotoxin concentration in EU/mL. Construct a best fit straight line
between these points and determine the endotoxin concentration of a sample
graphically.

SAMPLES OTHER THAN WATER
For samples which contain elements other than water, the occurrence of interfer-
ence such as inhibition or enhancement of the reaction must be examined. This is
done by comparing the recovery after adding an equal amount (e.g., four times the
lowest standard point) of the endotoxin to the sample and water respectively. Most
interferences can be overcome by diluting the sample.

When the inhibition / enhancement has been reduced to an acceptable level,
(<25%), the water procedure can be followed.

PERFORMANCE CHARACTERISTICS
Linearity: The linearity of the standard curve within the concentration range used
to determine endotoxin levels must be verified. No less than 4 endotoxin stan-
dards, spanning the desired concentration range, and an endotoxin-free water
blank should be assayed in quadruplicate.11 The absolute value of the coefficient
of correlation, r, shall be greater than or equal to 0.980.11

Reproducibility: Replicate samples should be run to establish proficiency and low
coefficient of variation. The coefficient of variation (CV) equals 100 times the stan-
dard deviation of a group of values, divided by the mean. The CV is expressed as
a percentage, and should be less than 10%.
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Product R160 is a 140-test (5-vial) kit with LRW, Substrate, Control Standard
Endotoxin and Buffer.

Manufactured By: CHARLES RIVER ENDOSAFE
Div. of Charles River Laboratories, Inc.
1023 Wappoo Road, Suite 43B
Charleston, SC  29407, USA
PHONE NUMBER: 843-766-7575
FAX NUMBER: 843-766-7576

PIR16002

ADD IN A MICROPLATE:

Test Sample or standard (20-25° C) 50 µL
Incubate at 37° C for approximately 5 min.

LAL solution 50 µL
Incubate at 37° C for approximately 7 min.

Substrate-Buffer Solution (37° C) 100 µL
Mix and Incubate at 37° C (5 min.)

Acetic Acid, 20% 100 µL
Mix Immediately

• See the CSE Certificate of Analysis for exact times for high and low range assays.

Endochrome #3 PTC  6/21/04  11:57 AM  Page 2

Information Only



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




