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Dear LAL User,

My readers should be aware that the FDA's guidelines onLAL testing are currently under revision. In the Kinetic Corner 0/ this
issue, the latest (July 15,1991) "Interim Guidance/or Human and Veterinary Drug Products and Biologicals, Kinetic LAL Techniques"
is reprinted. Original copies may be obtained/rom Mr. Terry E. Munson, Sterile Drug Branch (HFD-322) CBER Office ofCompliance,
Tel: 301-295-8095.

Also included in this issue of the USP Says are the proposed changes/or Chapter <85> of the USP Bacterial Endotoxins Test, and
for Chapter <151>, Pyrogen Test. I strongly urge my readers to review the original text in the Pharmacopeial Forum and to send any
comments to the USP.

We thank you/or your patience with us in the aftermath 0/ 'Hurricane Bob'.

Sincerely,

/~/~~
Thomas 1. Novitsky, Ph.D.
Editor

Kinetic
Corner

correlation coefficient), for the lysate lot,
sent by the manufacturer will not be valid.
New performance characteristics have to
be established for each lot by performing
the procedures outlined in Appendix A.

Inhibition/Enhancement Testing
In inhibition/enhancement testing of

a product by kinetic techniques, test a
drug concentration containing a quantity
of the RSE or CSE between 0.1 and 0.5
EU/mL or 1.0 and 5.0 EU/mL depending

on its Pass/Fail Cutoff (PFC) in duplicate
according to the lysate manufacturer's
methodology. The 4 lambda spike proce­
dure, in the current guideline, is still valid
and can be used in the kinetic techniques.
This procedure should be used with cau­
tion if lambda is less than 0.01 EU/mL.

The Pass/Fail Cutoff equals the endo­
toxin limit of the product solution (EU/
mL) times the potency of the product
divided by the product dilution used for
the test. For PFCs less than or equal to 1.0
EU/mL the endotoxin spike should be
between 0.1 and 0.5 EU/mL, otherwise
the endotoxin spike should be between
1.0 and 5.0 EU/mL.

The standard curve shall consist of at
least three RSE or CSE concentrations.
Additional standards should be included
to bracket each log increase in the range
of the standard curve so that there is at
least one standard per log increment of
the range. The standard curve must meet
the criteria outlined in Appendix A. The
calculated mean amount of endotoxin
when referenced to the standard curve.

Interim Guidance for Human and Veterinary Drug Products
and Biologicals
Kinetic LAL Techniques

Until we update the guideline, the
following guidance and the lysate manu­
facturers approved procedures can be
used. The kinetic LAL techniques should
be done according to the lysate manufac­
turers recommended procedures, i.e.,
sample/lysate ratio, incubation tempera­
ture and times, measurement wave­
length, etc. Instrumentation other than

the one recommended by lysate manu­
facturer can be used. The performance
characteristics (slope, y-intercept and
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minus any measurable endogenous en­
dotoxin in the spiked drug product, must
be within plus or minus 50% of the
known spike concentration to be consid­
ered to neither enhance or inhibit the
assay. If there is no measurable endog­
enous endotoxin in the product the value
will usually be equal to or less than plus
or minus 25% of the standard curve
value. If the undiluted drug product
shows inhibition or enhancement, the
drug product can be diluted, not exceed­
ing the MVD, and test repeated.

An alternate procedure may be used,
in which the RSE/CSE standard is pre­
pared in drug product or product dilution
instead ofwater. The drug product (at the
concentration used to prepare the stan­
dard curve), cannot have an endotoxin
concentration greater than the lowest
concentration used to generate the prod­
uct standard curve, when referenced
against a standard curve prepared in
water. The product standard curve must
meet the test for linearity, i.e., r equal to
or greater than the absolute value of
0.980, and slope of the regression line
must be less than -0.1 and greater than
- 1.0. If the standard curve does not meet
these criteria, the drug product cannot be
tested by the alternate procedure.

Routine Testing
The standard curve shall consist ofat

least three RSEorCSEconcentrations in
duplicate. Additional standards should
be included to bracket each log increase
in the range of the standard curve so that
there is at least one standard per log
increment of the range. The standard
curve must meet the criteria outlined in
Appendix A. For the kinetic techniques,
it is not necessary to run a standard curve
each day if consistency of standard
curves is shown in your test laboratory.
Determine consistency by regression
analysis of the data points from the stan­
dard curves generated over three con­
secutive test days (minimum of three
curves). If the coefficient of correlation,
r, meets the criteria in Appendix A then
consistency is proven and the curve be­
comes the "archived curve." Ifr does not
meet the criteria then consistency in your
laboratory has not been shown and you
cannot use an archived curve in routine
testing. The archived curve is only valid
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for a lysate/endotoxin lot combination. If
you use an archived standard curve, at
least duplicates of a standard endotoxin
concentration, equal to the mid-point on a
log basis, between the endotoxin concen­
tration of the highest and lowest standards
in the standard curve, in water must be
included with each run of samples. The
mean endotoxin concentration of this
standard control must be within plus/mi­
nus 25% of the standard curve concentra­
tion when calculated using the archived
standard curve. Independent of using an
endotoxin standard curve, at least dupli­
cates of a standard endotoxin in each
product or product dilution (positive prod­
uct control), equal to eitherO.l-0.5 or 1.0­
5.0 EU/mL depending on its PFC or 4
lambda, must be included with each run of
samples. The mean endotoxin concentra­
tion of the positive product control when
referenced to the standard curve must be
within plus/minus 50% of the known con­
centration after subtraction of any endog­
enous endotoxin. An endotoxin standard
series should be run when retesting to
determine if end-product endotoxin con­
tamination exceeds product limit. If you
use the alternate procedure, a standard
curve prepared in product must be con­
ducted with each product test.

Appendix A
Using a RSE or CSE of known po­

tency, in endotoxin units, assay at least 3
concentrations in triplicate that extend
over the desired endotoxin range. Addi­
tional standards should be included to
bracket each log increase in the range of
the standard curve so that there is at least
one standard per log increment of the
range. Do regression -correlation analysis
on the log Reaction Time versus the log of
the endotoxin concentration for each rep­
licate. DO NOT AVERAGE THE REAC­
TION TIMES OF REPLICATES OF
EACH STANDARD BEFORE PER­
FORMING REGRESSION-CORRELA­
TION ANALYSIS.

The coefficient of correlation, r, shall
be greater than or equal to the absolute
value of 0.980. Ifr is less than the absolute
value of 0.980 the cause of the non-linear­
ity should be determined and test re­
peated.

For original transcript contact:
Mr. Terry E. Munson
DHHS Public Health Service
Food and Drug Administration
Center for Drugs Evaluation and
Research
8800 Rockville Pike
Bethesda, MD 20867

Tel: 301-295-8095

(Permission to reproduce this transcript was granted
by Mr. Terry E. Munson.)

New Distributor of Pyrotell ®

SEYMSA
Servicios, Equipos Y Materiales, SA
Velazquez de Leon 120
06470-Mexico,D.F.

Contact: Ing. Andres Autrique R.
Telephone: 525-705-11-61
Fax: 525-703-19-04
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New England Chapter of the
Parenteral Drug Association
Marriott Hotel, Newton, MA

October 2,1991

Center for Professional Advancement
East Brunswick, NJ, October 8-10,1991
LAL Testing: Drugs, Medical Devices,

and Biotechnology
"Endotoxin Detection in QNQC and

Product Development"
Course Director - Michael E. Dawson,

Ph.D.

Parenteral Drug Association Meeting
Wyndham Franklin Plaza Hotel,

Philadelphia, PA, October 23-25,1991
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Booth #227

The American Society for Cell
Biology 31st Annual Meeting
J.B.Hynes Veterans Memorial

Convention Center
Boston, MA, Dec. 9-12, 1991

Visit Associates of Cape Cod, me. at
Booth #1228



II

The following proposed revisions con­
cerning the Bacterial Endotoxins Test
<85> and the Pyrogen Test <151> are
included in the Pharmacopeia1 Forum,
July-Aug. 1991, Vol. 17, No.4. in IN­
PROCESS REVISION. (Permissiontore­
print revisions was granted by the USP.)

Biological Tests and Assays

<85> Bacterial Endotoxins Test, USP
XXII page 1493 and page 679 ofPF 16(4)
[July-Aug. 1990]. Based on public com­
ments received at USP and discussions at
the recent USP Open Conference on Mi­
crobiological and Sterilization Issues on
the proposed changes published in PF
16(4), additional proposed changes are
made. In particular, use of the test as an
assay, and the reference to the calculation
of confidence intervals under Design and
Analysis ofBiological Assays <111> are
deleted. The Test for confirmation of
labeled LAL reagent sensitivity and the
Inhibition or Enhancement Test have
been modified for ease ofapplication and
clarity. Under Test Procedure it is pro­
posed to delete the reference to the proce­
dure for Transfusion andlnfusion Assem­
blies <161> and to propose instructions
for these and other medical devices for
inclusion under Transfusion andlnfusion
Assemblies to avoid contradictory in­
structions. Under Calculation and Inter­
pretation it is proposed to simplify the
calculation of endotoxin content.

3H00300 (MeB; B&M) RTS-8452-01; 7274-01

Change to read:
This chapter provides a test for esti­

mating the concentration of bacterial en­
dotoxins that may be present in or on the
sample of the article(s) to which the test
is applied using Limulus Amebocyte
Lysate (LAL) which has been obtained
from aqueous extracts of the circulating
amebocytes of the horseshoe crab, Limu­
Iuspolyphemus. and which has been pre­
pared and characterized for use as an
LAL reagent for gel-clot formation.
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USP Says

Where the test is eeftthleted ItS Itlimit
test, the gpeeimeft is determifted te be
f'esiti, e er ftegltti, e te the test jt:ldged
sgfliftst the eft6etexift eefteefttrfltieft
sf'eeified ift the iftdi, idt:lfll meftegrltf'h.
Where the test is e6ftdt:leted!lS flft !lSSS) ef
the eefteefttrfltieftef eftdetexift, with eltl
et:llflheft ef eeftfi6eftee limits ef the rest:llt
ebtflifted, the sf'eeimeft is jt:ldgedte eem
1"1) with the reqt:liremeftts if the rest:llt
dees ftet exeeed (It) the eefteefttfflheft
limit sf'eeified ift the iftdi, idt:lfll mefte
grtlf'h, flftd (b) the sf'eeified eeftfirleftee
limits fur the 8SSS). 1ft either esse

The determination of the reaction
endpoint is made with dilutions from the
material under test in direct comparison
with parallel dilutions of a reference en­
dotoxin, and quantities of endotoxin are
expressed in defined Endotoxin Units.

Since LAL reagents have also been
formulated to be used for turbidimetric or
colorimetric readings (iftelt:ldiftg kiftetie
~, such tests may be used if shown
to comply with the requirements for alter­
native methods. These tests require the
establishment of a standard regression
curve and the endotoxin content of the test
material is determined by interpolation
from the curve. The procedures include
incubation for a preselected time of react­
ing endotoxin and control solutions with
LAL reagent and reading of the spectro­
photometric light absorbance at suitable
wave-lengths. In the case of the endpoint
turbidimetric procedure the reading is
made immediately at the end of the incu­
bation period. In the kinetic assays (turbi­
dimetric and colorimetric), the absor­
bance is measured throughout the reac­
tion period and rate values are determined
from those readings. In the endpoint colo­
rimetric procedure the reaction is arrested
at the end of the preselected time by the
addition of Sftsf'f'ffif'riste smet:lfttef see
tie seid selt:ltieft, an enzyme-reaction­
terminating agent prior to the readings. A
f'essible sd, sntsge ift the msthemstiesl
trestmeftt ef rest:llts, if the lest be ether
wise ,slidflted Sfttl the SggS) gt:litsbl) de
sigfted, e6t:1ltl be the sf'f'liestieft eftestg ef
SggS) ,slitlit) Sfttl the eslet:llstielt ef the

II
eeftfitleftee iftlen'sl sfldlimits efl'eteftey
fffim the iftterft!ll: e, ideftee ef eseh SggS)
itself(geeDt';\'igfl (fIIdA.,ld{y;\,i;\, ttfBi(j{(jgi
edt A.;\';\'dJ;\' <111».

Reference Standard and Control Stan­
dard Endotoxins
Change to read:

The reference standard endotoxin
(RSE) is the USP Endotoxin Reference
Standard, which has a defined potency of
10,000 USP Endotoxin Units (EU) per
vial. Constitute the entire contents of 1
vial of the RSE with 5 mL of LAL Re­
agent Water, 1 ,ertex fer ftet leggthsft 20
miftt:lteg, mix intermittently for 30 min­
utes, using a vortex mixer, and use this
concentrate for making appropriate serial
dilutions. Preserve the concentrate in a
refrigerator, for making subsequent dilu­
tions, for not more than 14 days. Allew it
te reseh ffiem temf'erstt:lre, if sf'f'liesble,
sftd ..ertex it Mix vigorously, using a
vortex mixer, for not less than 5 3 minutes
before use. ¥ertex Mix each dilution for
not less than 1 minute before proceeding
to make the next dilution Do not tISe

st6red store dilutions. A control standard
endotoxin (CSE) is an endotoxin prepara­
tion other than the RSE that has been
standardized against the RSE. Ifa CSE is
a preparation not already adequately
characterized, its evaluation should in­
clude characterizing parameters both for
endotoxin quality and performance~
Sgresetieft ift the rsbbit), and for suitabil­
ity of the material to serve as a reference
(such as uniformity and stability). De­
tailed procedures for its weighing and/or
constitution and use to assure consistency
in performance should also be included.
Standardization ofa CSEagainst the RSE
using an LAL reagent for the gel-clot
procedure may be effected by assaying a
minimum of 4 1 vial of the CSE 6f-4
e6rresf'eftdiftg sliqt:lets, where flf'flli

1LAL Reagent Water- Sterile Water for Injection or
other water that shows no reaction with the specific
LAL reagent with which it is to be used, at the limit
of sensitivity of such reagent.



eable, 6f tlte h':Ilk eSE and 1 vial of the
RSE, as directed under Test Procedure,
but using 4 replicate reaction tubes at
each level of the dilution series for the
RSE and 4 replicate reaction tubes simi­
larly for each vial of aliquot of the CSE.
If all 6f tlte ailtttimls fur the 4 •ials 6r
alifJ:li6ts 6f tlte eSE eaftft6t be aee6mm6
datea witlt tlte ailliti6fts fur tlte I •iftl 6f
tlte RSE 6ft tlte sftme raek f6r iftelihftti6ft,
ftaaiti6ftal raeks mft~ be lisea ffir aee6m
m6afttiftg S6me 6f tlte replieftte dilliti6ftS
fur tlte eSE, hlit all 6f tlte raeks e6fttftift
iftg tlte diltlti6fts 6f tlte RSE aftd tlte eSE
ftre iftetlhated as a hl6ek. 116" e. er, ift
stlelt eases, tlte replieate diltlti6ft series
fr6m tlte I •iftl6f tlte RSE ftre aee6mm6
dfttea t6getlter 6ft a siftgle raek ftfta tlte
revlieftte ailliti6f1 series ffflm afty 6f1e 6f
tlte 4 •ials 6r alifJ:tl6ts 6f tlte eSE ftfe Mt
di. iaea bet weeft ffteks.

The antilog of the difference between
the mean 10glO endpoint of the RSE and
the mean log., endpoint of the CSE is the
standardized potency of the CSE, which
then is to be converted to and expressed in
Units per ng under stated drying condi­
tions for the CSE, or in Units per con­
tainer, whichever is appropriate. Stan­
dardize each new lot of CSE prior to use
in the test. Calibration of a CSE in terms
of the RSE must be with the specific lot of
LAL reagent and the test procedure with
which it is to be used. SlihsefJ:lieftt 16ts6f
LAb reageflt fr6m tlte sftme S6liree ftfta
witlt similftf eltftfftetefisties fteed 6f11~

elteekiflg 6f tlte p6tefle~ rati6. Tlte iftelli
StOfi 6f 6f1eOfm6fe ailtltt6f1 series mftde
ffflm tlte RSE "ltefl tlte eSE is lisea fuf
testtftg ~ ill eflahle 6hser. ati6f1 6f
wltetlter6r Mt tlte felati •e p6tefle~ Slt6wft
h~ tlte laUef femftifls witltift tlte aetef
miflea e6f1fiaeftee limits. A lftfge let 6f a
eSE mft~ , 1t6" e'ter, he eltftfaetefizea h~

a e611aoofftti.e assay 6f ftsliitahle aesigfl
t6 pr6. iae a represefltltti. e relftti. e p6
tefte~ ftfla tlte witltin Ifth6fftt6f~ afla he
tweefl Ifth6fat6fy 'tftflttflee.

A suitable CSE has a potency of not
less than 2 Endotoxin Units per ng and not
more than 50 Endotoxin Units per ng,
where in bulk form, under adopted uni­
form drying conditions, e.g., to a particu­
lar low moisture content and other speci­
fied conditions of use, and a potency
within a corresponding range where
filled in vials of a homogeneous lot.
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Preparatory Testing
Change to read:

Use an LAL reagent of confirmed
label 6r aetermifled sensitivity. 1ft ftdai
ti6ft, wItere titere is t6 be a eltftflgeift16t6f
eSE, LAL reageftt, 6r aft6tltef feageftt,
e6ftaliet tests 6f ftPfief sfttisfaet6f~ 16t6f
eSE, LAL, ftft6/6f6thef feageftt ifl pftfftl
lei 6fteltftflge6' er. Treat any containers or
utensils employed so as to destroy extra­
neous surface endotoxins that may be
present, such as by heating in an oven at
250" or above for sufficient time. 2

The validity oftest results for bacterial
endotoxins requires an adequate demon­
stration that specimens of the article, or of
solutions, washings, or extracts thereof to
which the test is to be applied do not of
themselves inhibitorenhance the reaction
or otherwise interfere with the test. Vali­
dation is accomplished by~
lifltreftted speeimefts 6f ltf'pf6priate ailli
ti6ftS tltere6f, e6fte6mitafttl~ 'VI itlt ftfla
witlt6t1t kfl6 Ii ft ftfta aem6f1stfahle aaaea
am6liflts 6f RSE 6f a eSE, ftftae6mpftfiftg
tlte reslilts 6htltifted. performing the inhi­
bition or enhancement test as described
below.

Appropriate negative controls are in­
cluded. Validation must be repeated if the
LAL reagent source or the method of
manufacture or formulation of the article
is changed.

Test for confirmation of labeled LAL
reagent sensitivity - Confirm the labeled
sensitivity 6f tlte Vftftielilftf LAL reageftt
witlt tlte RSE (6r eSE) lisiftg fl6t less tltftft
4 feplieate •tals, 6fte •tal testea itt fJ:lia6rli
plieate, liftaef e6f1aiti6ttS sltWl'< tt t6
aeltie. e aft aeeeptable I ftfiahilit~ 6f tlte
test, liz., tlte afltil6g 6f tlte ge6metrie
meftft 16g-Hj l~ sate gel d6t settsiti I it~ is
withitt G.51et6 2.GIe, .. here leis the lahelea
seftsitivit~ itt Efta6t6Xitt Uftits Vef mL.
Tlte RSE (6f eSE) emleefttfati6ftS se
leetea ift e6ftfirmiftg tlte LAb reageftt
label p6tene~ slt6lila hraeket tlte stfttea
scftsiti. it) 6f tlte LAb reageftLusing a
single vial of the LAL reagent lot. Prepare
a series of two-fold dilutions of the RSE
(or CSE) to give concentrations of

2Fora test for validity of procedure for inactivation of
endotoxins, see "Dry-heat Sterilization" underSteril­
ization and Sterility Assurance of Compendia! Ar­
ticles <1211>. Use an LAL Reagent having a sensi­
tivity of not less than 0.15 Endotoxin Unit per mL.

2A,A,0.5A and 0.25A where A is the la­
beled sensitivity of the LAL reagent in
Endotoxin Units per mL. Perform the test
on the four standard concentrations in
quadruplicate and include negative con­
trols. The geometric mean endpoint con­
centration (See Calculations and Inter­
pretation) must be greater than or equal
to 0.5A and less than or equal to 2.0A.

Confirm the labeled sensitivity of
each new lot of LAL reagen t prior to use
in the test.

Inhibition or Enhancement Test ­
et)ftdliet ftSsa~ s witltstltftaM6 eftd6t6xift,
6f lifttreatea speeimefts ift wItielt tltere is
ft6 eftd6gefte6liS efta6t6Xift deteetable,
ftfta 6f tlte sftme speeimefts te Ii hieh
efta6t6Xift ItftS heeft ftaaea, as aireetea
liftaer Tat P, (jeedm e, hlit lisiftg ftet less
titaft 4 replieate reaeti6ft tlihes at eaeh
le. el 6f tlte ailliti6ft series ffir eaelt
lifttreatea speeimeft ftfta ffir eaelt speei
meft t6 liltielt efta6t6Xift Itas heeft aaaea.
Ree6ra tlte efta p6iftts (E, ift Uftits per
mL) 6hser.ea ift tlte replieates. Take tlte
16gftfitltms (e) 6f tlte eftd p6iftts, ftfta
e6mplite tlte ge6metrie meftfts6f tlte 16g
efta p6ints ffir tlte RSE (6r eSE), fur tlte
lifttrefttea speeimefts afta f6r speeimefts
e6fttainiftg efta6t6xin h~ tlte f6rmlila an
til6g: Ee/!. in ~ Itieh Ee is the Slimef the
16gefta p6ints 6f the ailliti6ft series lisea,
anafis the ftlimher 6freplieate efta p6il'ltS
ift eaelt ease. e6mplite tlte am6liftt 6f
efta6t6Xift ift tlte sveeimeft t6 wItielt eft
a6t6xin Itas heeft aaded. Tlte test is •alid
fur tlte ftftiele if this reslilt is Ii itltift
t I'f 6rold 6f tlte kft61'f ft added am6liftt 6f
efta6t6Xift. Alterflati .el~, if tlte testltas
beeft appr6priatel~ set lip, tlte test is I Itlid
fur the ftftiele if the ge6metrie meltll elid
p6il'lt diltlti6ft ffir tlte speeimeft t6 Ii hieh
efta6t6Xifthitsbeen added is withift efle 2
fuM ailliti61i 6f the e6ffe.lp6ndiftg geo
metrie meltft efta point ailtlti6ft of the
stftftaftfdefta6toxift.

Perform the test on aliquots of the
specimen, or a dilution not to exceed the
Maximum Valid Dilution, in which there
is no detectable endotoxin. Perform the
test on the specimen without added endo­
toxin and with endotoxin added to give
final concentrations of 2.0A,A,0.5A,and
0.25A, as directed under Test Procedure.
but using not less than 4 replicate tubes
for the untreated specimen and for each
specimen to which endotoxin has been



added. In parallel with the above, test in
duplicate the same endotoxin concentra­
tions in water and untreated negative
controls. Calculate the geometric mean
endpoint endotoxin concentration for the
specimen as described under Calcula­
tions and Interpretation. The test is valid
for the article if the geometric mean
endpoint concentration in the specimen is
greater than or equal to 0.51.. and less than
or equal to 2.01...

If the result obtained for the speci­
mens to which endotoxin has been added
is outside the specified limit, the article is
unsuitable for the Bacterial Endotoxins
Test, or, in the case of injections or solu­
tions for parenteral administration, it may
be rendered suitable by diluting speci­
mens appropriately.

Repeat the test for inhibition or en­
hancement using specimens diluted by a
factor not exceeding that gi. en b, the
furmttla:x!1t (see !tftl.'tilllttm \Y:ititl Diltt
timl, belo .. ). Use the least tiiltttion the
Maximum Valid Dilution. Use a dilution,
not to exceed the Maximum Valid Dilu­
tion, sufficient to overcome the inhibition
or enhancement of the known added en­
dotoxin, for subsequent assays of endo­
toxin in test specimens.

If endogeneous endotoxin is detect­
able in the untreated specimens under the
conditions of the test, the article is unsuit­
able for the Inhibition or Enhancement
Test, or, it may be rendered suitable by
removing the endotoxin present by ultra­
filtration, or by appropriate dilution. Di­
lute the untreated specimen (as consti­
tuted, where applicable, for administra­
tion or use), to a level not exceeding the
maximum valid dilution, at which no
endotoxin is detectable. Repeat the test
for Inhibition or Enhancement using the
specimens at those dilutions.

Maximum ValidDilution (MVD)- The
Maximum Valid Dilution is appropriate
to Injections or to solutions for parenteral
administration in the form constituted or
diluted for administration, or where ap­
plicable, to the amount of drug by weight
if the volume of the dosage form for
administration could be varied. Where
the endotoxin limit concentration is
specified in the individual monograph in
terms of volume (in EU per mL), divide
the limit by A, which is the labeled sensi­
tivity (in Eu per mL) of the lysate em-
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ployed in the assay, to obtain the MVD
factor. Where the endotoxin limit con­
centration is specified in the individual
monograph in terms of weight or of Units
of active drug (in EU per mg or in EU per
Unit), multiply the limit by the concentra­
tion (in mg per mL or in Units per mL) of
the drug in the solution tested or of the
drug constituted according to the label
instructions, whichever is applicable, and
divide the product of the multiplication
by A, to obtain the MVD factor. The MVD
factor so obtained is the limit dilution
factor for the preparation for the test to be
valid.
Test Procedure
Change to read:

In preparing for and applying the test,
observe precautions in handling the
specimens in order to avoid gross micro­
bial contamination. Washings or rinsings
of tie. iees mttst be I'i ith LAL Reagent
Water in •olttmes arrrorriate to their ttse
anti, I'i here arrlieable, of the sttrfaee area
whieh eomes into eontaet .. ith boo, tis
sttes or flttitis. Use stteh I'i ashings or rins
ings if the extraeting flttiti has been in
eontttet I'i ith the rele. ant "ath ..a, or sttr
faee fur not less than 1 hottr at eontffllleti
fOom lemreratttre (15° to 30°). Stteh ex
lraets ma, be eombineti, I'i here arrrorri
ate. The ttltimate rinse or I'i ash. olttme is
stteh as It) resttlt in rossible tiiltttion ohn,
eontaineti entiotoxin It) a Ie. el not less
than that sttitable fur ttse in the PYI (jgell
'Fe:}t <151> ttntier TIt'lIlsftt:}iml tllltlhiftt
simI Asumblies <161>.

For Validating the test for an article,
for endotoxin limit tests or assa, s, or for
special purposes where so specified, test­
ing of specimens is conducted quantita­
tively to determine response endpoints
for gel-clot readings. Usually graded
strengths of the specimen and standard
endotoxin are made by multifold dilu­
tions. Select dilutions so that they corre­
spond to a geometric series in which each
step is greater than the next lower by a
constant ratio. Do not store diluted endo­
toxin, because of loss of activity by ad­
sorption, in the absence of supporting
data to the contrary. Negative and posi­
tive controls are incorporated in the test.

Use not less than 2 replicate reaction
tubes at each level of the dilution series
for each specimen under test. Whether
the test is employed as a limit test or as a

quantitative assay, a standard endotoxin
dilution series involving not less than 2
replicate reaction tubes is conducted in
parallel. A set of standard endotoxin dilu­
tion series is included for each block of
tubes, which may consist of a number of
racks for incubation together, providing
the environmental conditions within
blocks are uniform.

Preparation - Since the form and
amount per container of standard endo­
toxin and of LAL reagent may vary.
constitution and/or dilution of contents
should be as directed in the labeling. The
pH ofthe test mixture ofthe specimen and
the LAL reagent is in the range 6.0 to 7.5
unless specifically directed otherwise in
the individual monograph. The pH may
be adjusted by the addition of sterile,
endotoxin-free sodium hydroxide or hy­
drochloric acid or suitable buffers to the
specimen prior to testing.

MttXilllttlll FtllitlDilttti(jll (MFD) The
Maximttm Valiti Diltttion is arrfOrriale
10Injeetions or to solttlions fur rarenterel
atiministration in the form eonstitttieti or
tiilttleti for aBministralion, or I'i here ltfl
"lieable, to the amOttnt oftirttg b, .. eighl
if the .olttme of lhe tiosttge furm fur
atiministration eottlti be •arieti. Where
lhe entiotoxin limit eoneentration is
sreeifieti in the intiiY itittltl monograrh in
terms of .olttme (in EU rer mL), tii.itie
lhelimit b, It, .. hieh is the labeleti sensi
ti. it, (in EU "er mL)of the I, sate em
,,10' eti in the assa,,to obtain the MVD
faetor. Vihere the entiotoxin limit eon
eenlralion is sreeifieti in the intii. itittal
monograrh in terms of I'i eight or of Unils
of aeti. e tirttg (in EU "er mg or in Ett rer
Unit), mttllirly the limil b, the eoneenlfa
tion (in mg rer mL or in Units rer mL)
of the Btttg in the solttlion lesleti or of the
Btttg eonslilttteti aeeoffiing to the label
inslrttetions, .. hiehe (er is ltflrlieable. ftIlti
tii •itie the rfOtittet of the mttltirlieation
by It,toobtain the MVD faelor. The MVD
faetor so obtaineti is the limit tiiltttion
faelor for the preparation fur lhe test to be
Vtttltl-:

Procedure - To 10- X 75-mm test
tubes add aliquots of the appropriately
constituted LAL reagent, and the speci­
fied volumes of specimens, endotoxin
standard. negative controls, and a posi­
tive product control consisting of the
article, or of solutions. washings or ex-



tracts thereof to which the RSE (or a
standardized CSE) has been added at a
concentration of endotoxin of 2Afor that
LAL reagent (see under Test for confir­
mation of labeled l.AL reagent sensitiv­
ity). Swirl each tetttIr to mix, and place
in an incubating device such as a water
bath or heating block, accurately record­
ing the time at which the tubes are so
placed. Incubate each tube, undisturbed,
for60± 2 minutesat37± 1°, and carefully
remove it for observation. A positive
reaction is characterized by the formation
of a firm gel that remains when inverted
through 180°. Record such a result as
positive(+). A negative result is charac­
terized by the absence of such a gel or by
the formation of a viscous gel that does
not maintain its integrity. Record such a
result as negative (-). Handle the tubes
with care, and avoid subjecting them to
unwanted vibrations, or false negative
observations may result. The test is in­
valid if the positive product control is
negative or the endotoxin standard does
not show the endpointconcentration to be
within ± 1 two-fold dilutions from the
label claim sensitivity of the LAL reagent
or if any negative control sho" s ftgel elot
eft6 voiftt. is positive.
Calculation and Interpretation
Change to read:

Geometric Mean Calculation - The
endpoint is the last positive test in a series
of decreasing concentrations of endo­
toxin, specimen, or specimen to which
endotoxin has been added. Record the
endpoint concentration, E, for each repli­
cate series ofdilutions. Determine the log
endpoint concentrations, e, and calculate
the geometric mean endpoint concentra­
tion using the following formula:
Geometric Mean Endpoint Concentra­
tion =antilog (Le/f), Where Le is the sum
of the log endpoints of the dilution series
used and f is the number of replicates.
Calettlatifjll
Endotoxin Content Calculation- Calcu­
late the concentration of endotoxin (in
Units per mL or in Units per g or mg) in
or on the article under test by the formula:
p5fff-;
ptdff
/JU,
in which S is the ftlHiiog of the geoffietrie
meftft log* of the eftdvoints, A is the
labeled sensitivity, expressed in Endo-
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toxin Units (EU) per mL fur the Stftftdftfd
Eft60toxift, of the lysate employed in the
test, U is the antilog of Eel],where e is the
log., of the endpoint dilution factors, ex­
pressed in decimal fractions,fis the num­
ber of replicate reaction tubes read at the
endpoint level for the specimen under
test. ftft6l' is the eorreetioft fftetorfur those
eftSes 1'1 here ft sveeimeft of the ftrtiele
eftnft6t be tftkeft direetl) iftID test btlt is
Vf6eessedftS ftft extfftet, soltltion, or 1'1 ftsh

~
Where the test is eoft6t1eted ftS ftft

ftSSft) 1'1 ith stlffieieftt revliefttioft to Vf6
,ide ft stlitftble fttlmber of iftdeveftdeftt
restllts, eftletllfttefor efteh revlieftte ftSSft)
the eofteefttrfttioft of eftdotoxift ift or Oft
the ftftiele tlft6er test ffflm the ftfttilogof
the gwmetrie meftft log eft6 voiftt rfttios.
Cftletllftte the meftft ftft6 the eoftHdeftee
limits from tlte revlieftte logftfithmie 'ftl
ties of ftll the oetftifte6 ftSSft) res tilts b) ft
stlitftble stfttistieftlmeth06 (see Ca{enid
timl ttl Pfjtellcy ft mil a Sillg{e Assay
<llb).

Interpretation-The article meets the
requirements of the test if the concentra­
tion of endotoxin 60es not exeeed is less
than that specified in the individual
monograph. ftft6 where so sveeifie6 ift the
ift6i, idtlftlmoftogfftl"hor ift this ehftvter,
the eoftfi6eftee limits of the ftSSft) do ft6t
exeeed those sveeified.

<151>Pyrogen Test, USP XXII page
ISIS. The proposed revisions of the gen­
eral chapter are based on the recommen­
dations published in PF 16(2) [Mar.­
Apr.1990] and on the recommendations
and discussions at the USP Open Confer­
ence on Microbiology and Sterilization
Issues.
3HOIlOO (MeB) RTS-8492-01

Change to read:
Procedure -Perform the test in a separate
area designated solely for pyrogen testing
and under environmental conditions
similar to those under which the animals
are housed and free from disturbances
likely to excite them. Withhold all food
from the rabbits used during the period of
the test. Access to water is allowed at all
times, but may be restricted during the
test. If rectal temperature-measuring
probes remain inserted throughout the
testing period, restrain the rabbits with
light-fitting neck stocks that allow the

rabbits to assume a natural resting pos­
ture. Not more than 30 minutes prior to
the injection of the test dose, determine
the "control temperature" of each rabbit:
this is the base for the determination of
any temperature increase resulting from
the injection of a test solution. In anyone
group of test rabbits, use only those rab­
bits whose control temperatures do not
vary by more than I° from each other, and
do not use any rabbit having a tempera­
ture exceeding 39.8°.

Unless otherwise specified in the in­
dividual monograph, inject into an ear
vein ofeach of three rabbits 10 mL of the
test solution per kg of body weight, com­
pleting each injection within 10 minutes
after start of administration. The test so­
lution is either the product, constituted if
necessary as directed in the labeling, or
the material under test treated as directed
in the individual monograph and injected
in the dose specified therein. For pyrogen
testing of devices or injection assemblies,
use washings or rinsings of the surfaces
that come in contact with the parenterally
administered material or with the injec­
tion site or internal tissues of the patient.
Assure that all test solutions are protected
from contamination. Perform the injec­
tion after warming the test solution to a
temperature of 37 ± 2°. Record the tem­
perature at 1,2, ftftd 3 hOtlrs 30-minute
intervals between I and 3 hours subse­
quent to the injection.
Change to read:
Test Interpretation and Continuation­
Consider any temperature decreases as
zero rise. Ifno rabbit shows an individual
rise in temperature of 9:62 0.5° or more
above its respective control temperature,
ftftd if the stlm of the three iftdi, i6t1ftl
mftXimtim temveffthtre rises does ftot ex
eee6 1.4°, the product meets the require­
ments for the absence of pyrogens. Ifany
rabbit shows an individual temperature
rise of 9:62 0.5° or more, or if the stlm of
the three ift6i, idtlftl ffiftximtlm temVefft
ttlre rises exeeeds 1.4°, continue the test
using five other rabbits. If not more than
three of the eight rabbits show individual
rises in temperature of 0.6° or more, ftft6
if the stlm of the eight iftdi, i6t1ftl mftXi
mtlm temverftttlre rises does not exeee6
3-ftSL; 0.5°, the material under examina­
tion meets the requirements for the ab­
sence of pyrogens.


