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SIX-MONTH IMPLEMENTATION GUIDELINE

The United States Pharmacopeia-National Formulary and its supplements become official six months after being released to
the public. The USP-NEF, which is released on November 1 of each year, becomes official on May 1 of the following year, This
six-month implementation timing gives users more time to bring their methods and procedures into compliance with new
and revised USP-NF requirements. )

The table below describes the official dates of the USP-NF and its supplements. The 2011 USP 35-NF 30, and its supple-
ments, Interim Revision Announcements (IRAs) and Revision Bulletins to that edition, will be official until May 1, 2013, at which

time the USP 36-NF 37 becomes official.

Publication

Release Date

Official Date

Official Until

USP 36-NF 31

Movemnber 1, 2012

May 1, 2013

May 1, 2014 (except as superseded by supplements, IRAs, and
Revision Bulletins)

First Supplement to the

February 1, 2013

August 1, 2013

May 1, 2014 (except as superseded by Second Supplement, IRAs,

USP 36-NF 31 and Revision Bulletins)
Szcond Supplement to the june 1, 2013 December 1, 2013 May 1, 2014 (except as superseded by IRAs and Revision Bulletins)
USP 36-NF 31

USP 37-NF 32

November 1, 2013

May 1, 2014

May 1, 2015 (except as superseded by supplements, IRAs, and
Revision Bulfletins)

The table below gives the details of the IRAs that will apply to USP 36-NF 317.

IRA PF Posting Date Comment Due Date IRA Posting Date IRA Official Date
39(13 January 2, 2013 March 31, 2013 May 31, 2013 luly 1, 2013
39(2) March 1, 2013 May 31, 2013 July 26, 2013 September 1, 2013
39(3) May 1, 2013 fuly 31, 2013 September 27, 2013 November 1, 2013
39(4) july 2, 2013 September 30, 2013 November 29, 2013 lanuary 1, 2014
39(5) Septernber 4, 2013 Novermber 30, 2013 January 31, 2014 March 1, 2014

| 39¢6) Novemnber 1, 2013 january 31, 2014 March 28, 2014 May 1, 2014

Revision Bulletins published on the USP website become official on the date specified in the Revision Bulletin.

NOTICE AND WARNING

Concerning U.S. Patent or Trademark Rights—The inclusion in The United States Pharmacapeia or in the National Formulary of a
monograph on any drug in respect to which patent or trademark rights may exist shall not be deemed, and is not intended

as, a grant of, or authority to exercise, any right or privilege protected by such patent or trademark. All such rights and
privileges are vested in the patent or trademark owner, and no other person may exercise the same without express
permission, authority, or license secured from such patent or trademark owner.

Concerning Use of USP or NF Text—Attention is called to the fact that USP and NF text is fully copyrighted. Authors and
others wishing to use portions of the text should request permission to do so from the Secretary of the USPC Board of

Trustees.

Copgright ® 2012 The United States Pharmacopeial Convention
12601 Twinbrook Parkway, Rockville, MD 20852

All rights reserved.
I1SSN: 0195-7996

ISBN: 978-1-936424-12-2

Printed in the United States by United Book Press, Inc., Baltimore, MD
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Table A2-1. Test for Outlier Measurements

in samples from a normal population, gaps equal to of larger than the following values of Gi, Gz, and Gy occur with a probability £ = 0.01, when
outlier measurements can occur only at one end; o7 with P = 0.02, when they may occur at either end,

N 3 4 5 6 7

G, 0.987 0.889 0.781 0.698 0.637

N 8 o 10 )

G 0.681 0.634 0.597

N ' 11 12 13

G, 0.674 0.643 0.617

(85) BACTERIAL ENDOTOXINS
TEST

+portions of this general chapter have been harmonized
with the corresponding texts of the furopean Pharmacopoeia
and/or the Japanese Pharmacopoeia. Those portions that are
not harmonized are marked with symbols (*s) to specify this
fact.

Th‘e Bacterial Endotoxins Test (BET) is a test to detect or
quantify endotoxins from Gram—ne?‘ative bacteria using
amoebocyte lysate from the horseshoe crab (Limulus poly-
phemus or Tachypleus tridentatus).

There are three techniques for this test: the gel-clot tech-
nique, which is based on gel formation; the turbidimetr!c
technique, based on the development of turbidity after
cleavage of an endogenous substrate; and the chromogenic
technigue, based on the development of color after cleav-
age of a synthetic peptide-chromogen complex. Proceed by
any of the three techniques for the test. In the event of
doubt or dispute, the final decision is made based upon the
gel-clot limit test unless otherwise indicated in the mono-
graph for the product being tested. The test is carried out in
a manner that avoids endotoxin contamination.

APPARATUS

Depyrogenate all glassware and other heat-stable materi-
als in a hot air oven using a validated process.*'s A com-
monly used minimum time and temperature is 30 min at
2507, If employing plastic apparatus, such as microplates
and pipet tips for automatic pipetters, use apparatus that is
shown to be free of detectable endotoxin and does not in-
terfere in the test. [NOTE—In this chapter, the term “tube”
includes any other receptacle such as a microtiter well.]

REAGENTS AND TEST SOLUTIONS

Amoebocyte Lysate—A lyophilized product obtained
from the lysate of amoebocytes (white blood cells) from the
horseshoe crab (Limulus polyphemus or Tachypleus
tridentatus). This reagent refers only to a product manufac-
tured in accordance with the regulations of the competent
authority. [NOTE——Amoebocyle Lysate reacts to some f-glu-
cans in addition to endotoxins., Amoebocyte Lysate prepara-
tions that do not react to glucans are availabKe: they are
prepared by removing the G factor reacting to glucans from
Amoebocyte Lysate or by inhibiting the G factor reacting sys-
tem of Amoebocyte Lysate and may be used for endotoxin
testing in the presence of glucans.]

Water for Bacterial Endotoxins Test (BET)—Use Water
for Injection or water produced by other procedures that

¥ For a validity test of the procedure for inactivating endotoxins, see Dry-
Heat Sterilization under Sterilization and Sterility Assurnnce of Comperdial Arti-
cles (1211}, Use Lysatz TS having a sensitivity of not less than 0.15 Endotoxin
Unit per mlL.,
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shows no reaction with the lysate employed, at the detec-
tion limit of the reagent.

Lysate TS—Dissolve Amoebocyte Lysate in Water for BET,
or in a buffer recommended by the lysate manufacturer, by
entle stirring. Store the reconstituted lysate, refrigerated or
rozen, according to the specifications of the manufacturer.

PREPARATION OF SOLUTIONS

Standard Endotoxin Stock Solution—A Standard Endo-
toxin Stock Solution is prepared from a USP Endotoxin Refer-
ence Standard that has been calibrated to the current WHO
international Standard for Endotoxin, Follow the specifica-
tions in the package leaflet and on the label for preparation
and storage of the Standard Endotoxin Stock Solution. Endo-
toxin is expressed in Endotoxin Units (EU). [NOTE—One USP
Endotoxin Unit (EU) is equal to one International Unit (1U)
of endotoxin.]

Standard Endotoxin Solutions—After mixing the Stan-
dard Endotoxin Stock Solution vigorously, preparé appropriate
serial dilutions of Standard Endotoxin Solution, using Water
for BET. Use dilutions as soon as possible to avoid %sx of
activity by adsorption.

Sample Solutions—Prepare the Sample Solutions by dis-
solving or diluting drugs using Water for BET. Some sub-
stances or preparations may be more appropriately dis-
solved, or diluted in other aqueous solutions. If necessary,
adjust the pH of the solution to be examined (or dilution
thereof) so that the pH of the mixture of the lysate and
Sample Solution falls within the pH range specified by the
lysate manufacturer, usually 6.0-8.0. The pH may bé ad-
justed by use of an acid, base, or suitable buffer as recom-
mended by the lysate manufacturer. Acids and bases may
be prepared from concentrates or solids with Water for BET
in containers free of detectable endotoxin. Buffers must be
%/alidated to be free of detectable endotoxin and interfering
actors. '

DETERMINATION OF MAXIMUM VALID
DILUTION (MVD)

The maximum valid dilution is the maximum allowable
dilution of a specimen at which the endotoxin limit can be
determined. Determine the MVD from the following
equation:

MVD = (endotoxin limit > concentration of Sarnple Solution)/

Endotoxin Limit—The endotoxin limit for parenteral
drugs, defined on the basis of dose, equals K/M*2,, where K

¥ Kis 5 USP-EU/kg of body weight for any route of administration other than
intrathecal (for which Kis 0.2 USP-EU/kg of bucly weight). For radiopharma-
ceutical products not administered intrathecally, the endotoxin limit is calcu-
lated as 175 EU/V, where V is the maximum recommended dose in mL. For
qn;rathecan% administered radiopharmaceuticals, the endotoxin limit is ob-
tained by the formuia 14 EY/V. For formulations (usually anticancer products)
administered on a per square meter of body surface, the formuia is K/M,
where £ = 100 EU/m? and M is the maximum dose/m2.,
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is a threshold pyrogenic dose of endotoxin per kg of body
weight, and M is equal to the maximum recommended bo-
Jus dose of product per kg of body weiPht‘ When the prod-
uct is to be injected at frequent intervals or infused continu-
ously, M is the maximum total dose administered in a single
hour period. The endotoxin limit for parenteral drugs is
specified in the individual monograph in units such as EU/
mL, EU/mg, EU/UniL of binlogical activity, etc.

Concentration of Sample 5olution—

mg/mL: in the case of endotoxin limit specified by weight
(EU/mg);

Units/mL: in the case of endotoxin limit specified by unit
of biological activity (EU/Unit);

mL/mL; when the endotoxin limit is specified by volume
(EU/mL).

. the labeled sensitivity in the Gei-Clot Technigue (EU/mL}
or the lowest concentration used in the standard curve for
the Turbidimetric Technigue or Chromogenic Technigue.

GEL-CLOT TECHNIQUE

fne gel-clot technique s used for detecting or quantifying
endotoxins based on clotting of the lysaie reagent in the
presence of endotoxin. The minimum concentration of en-
dotoxin required to cause the lysate to dot under standard
conditions is the labeled sansitivity of the lysate reagent. To
ensure both the precision and validity of the test, perform
the tests tar confirming the labeled lysate sensitivity and for
interfering factors as described in Preparatory lesting, imme-
diately below,

Preparatory Testing

Test for Confirmation of Labeled Lysate Sensitivity—
Confirm in four replicates the labeled sensitivity, &, ex-
pressed in EU/mL of the lysate prior to use in the test. The
test for confirmation of lysate sensitivity is to be carried out
when a new batch of lysate is used or wher there is any
change in the test conditions that may affect the outcome
of the test. Prepare standard solutions having at Jeast four
concentrations equivalent to 2k, A, 0.54, ana 0.252 by di-
Juting the USP Endotoxin RS with Water for BET.

Mix a volume of the Lysate TS with an equal volume
(such as 0.1-mi aliguots) of one of the Standard Endotoxin
Solutions in each test tube. When single test vials or ampuls
containing lyophilized lysate are used, add solutions directly
to the vialjor ampul. Incubate the reaction mixture for a
constant period according to the directions of the lysate
manufacturer {usually at 37 £ 17 far 60 & 2 min), avoiding
vibration. To test the integrity of the gel, take each tube in

s for the Inhibition/Enhancement Test for Gel-Clot Techniques

Biological Tests /{85 Bacterial Endotoxins Test 91

turn directly from the incubator, and invert it through about
1807 in one smooth motion. If a firm gel has formed that
remains in place upon inversion, record the result as posi-
tive. A result is negative if an intact gel is not formed. The
test is considered valid when the lowest concentration of
the standard solutions shows & negative result in all replicate
tests,

The endpoint is the smallest concentration in the series of
decreasing concentrations of standard endotoxin that clots
the lysate. Determine the geometric mean endpoint by cal-
culafing the mean of the logarithms of the endpoint con-
centrations of the four replicate series and then takin? the
antilogarithm of the mean value, as incicated in the follow-
ing formula:

geometric mean endpoint concentration = antilog (3e/f)

where Ze is the sum of the log endpoint concentrations of
the dilution series used, and f1s the number of replicate fest
tubes. The geomelric mean endpoint concentration is the
measured sénsitivity of the lysate ('n EU/mL). If this is not
fess than 0.5% and not mor¢ than 22, the labeled sensitvity
is confirmed and is used in tests performed with this lysate.

Test for Interfering Factors—Usually prepare solutions
(A-D) as showrrin Table 1, and perform the inhibition/en-
hancement test on the Somple Solutions at a dilution less
than the MvD, not containing any detectable gndotoxins,
operating as described for Test for Confirmation of Labeled
Lysate Sensitivity. The geaometric mean endpoinl concentra-
tions of Soiutions B and C are determined using the formula
described in the Test for Confirmation of Labeled Lysate Sensi-
tivity. The test for interfering factors must be repeated when
sny condition changes that'is likely to influence the result of
the test.

The test is considered valid when all replicates of Solu-
tions A and D show no reaction and the result of Solution C
confirms the labeied sensitivity.

If the sensitivity of the lysate determined in the presence
of Solution B is nat less than 0.57 and not greater than 22,
the Sample Solution does rot contain factors that integ‘fere
under the experimental conditions used. Otherwise, the
Somple Salution to be exarined interferes with the test.

If the sampie under test does not comply with the tes: at
a dilution less than the MVD, repeat tne test using a greater
dilution, not exceeding the MVD. The use of a more sensi-
tive lysata permits a greater dilution of the sample to be
sxamined, and this may contribute to the elimination of
interference.

Interference may be overcome by suitable treatmert such
as filtration, neutralizatior, dialysis, or heating. To establishi
that the chosen treatment effectively eliminates interference
without losy of endotoxins, perform the assay described

Table 1. Preparation of Solution .
h End(;toxin Concentration/ [
solution to Which Endotoxin Dilution Endotoxin Number of
soltion_ | MsAdded . ... Diluent Factor Concentration_ i Replicates
Al o None/Somple Snldtion .
i L 2MSampde Solution . Sumpie Solution ]
- 4
8
Water fur BET ]
L - 2 .
S 4
o 8

CSuluton AL A Sample Sclution of the preparation under test th
v 3nluiion B Tedd tor interferent

Solution € Cortrol for fubeled lysate sepsitivity.

CSslunon [, Hegative cantrot of Water for 81
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above using the preparation to be examined to which Stan-
dard Endotgoxin hpas heen added and which has then been
submitted to the chosen treatment.

Limit Test

Procedure—Prepare Solutions A, B, C, and D as shown in
Table 2, and perform the test on these solutions following
the procedure above for Preparatory Testing, Test for Confir-
mation of Labeled Lysate Sensitivity.

Table 2. Preparation of Solutions for the Gel-Clot Limit Test

tndotoxin Concentration/
solution to Which Number of
Solution” Endotoxin Is Added Replicates
A . None/Diluted Sumple Solution 2
B | 23/Diluted Sarmple Solution 2
C 2A7/ Water for BET 2
D None/Water for BET 2

* prepare Solution A and the positive product control So/utionIB using
a dilution not greater than the MVD and ureatments as dascribed for
the Test for Interfering Factors in Preparatory Testing. The positive con-
trol Solutions B and C contain the Standard Endotosin Solution at a
concentration corresponding to twice the labeled lysate sensitivity.
The negative control Solution D consists of Water for BET.

Interpretation—The test is considered valid when both
replicates of Solutions B and C are positive and those of Solu-
tion D are negative, When a negative result is found for
both replicates of Solution A, the preparation under test
complies with the test. When a positive result is found for
both replicates of Soflution A, the preparation under test
does not comply with the test. _

When a positive result is found for one replicate of Solu-
tion A and a negative result is found for the other, repeat
the test. In the repeat test, the preparation under test com-
plies with the test if a negative result is found for both repli-
cates of Solution A. The preparation does not comply with
the test if a positive result is found for one of both replicates
of Solution A. However, if the preparation does not comply
with the test at a dilution less than the MVD, the test may

UsP 36

be repeated using a greater dilution, not exceeding the
MVD.

Quantitative Test

Procedure—The test quantifies bacterial endotoxins in
Sample Solutions by titration to an endpoint. Prepare Solu-
tions A, B, C, and D as shown in Table 3, and test these
solutions by following the procedure in Preparatory Testing,
Test for Confirmation of Labeled Lysate Sensitivily.

Calculation and Interpretation—The test is considered
valid when the following three conditions are met: (1) Both
replicates of negative control Sofution D are negative; (2)
Both replicates of positive product control Solution B are
positive; and (3) The geometric mean endpoint concentra-
tion of Sofution C is in the range of 0.5A to 22,

To determine the endotoxin concentration of Solution A,
calculate the endpoint concentration for each replicate by
multiplying each endpoint dilution factor by 4. The endo-
toxin concentration in the Sample Solution is the endpoint
concentration of the replicates. If the test is conducted with
a diluted Sample Solution, calculate the concentration of en-
dotoxin in the original Sampie Solution by multiplying by the
dilution factor. If none of the dilutions of the Sample Solu-
tion is positive in a valid assay, report the endotoxin concen-
tration as less than A (if the diluted sample was tested, re-
port as less than A times the lowest dilution factor of the
sample). If all dilutions are positive, the endotoxin concen-
tration is reported as equal to or greater than the greatest
dilution factor multiplied by A (e.g., initial dilution facror
times eight times A in Table 3).

The preparation under test meets the requirements of the
test if the concentration of endotoxin in both replicates is
less than that specified in the individual monograph.

PHOTOMETRIC QUANTITATIVE TECHNIQUES

Turbidimetric Technique

This technique is a photometric assay measuring increases
in reactant turbidigﬁ On the basis of the particular assay
principle employed, this technique may be classified as ei-
ther an endpoint-turbidimetric assay or a kinetic-turbidimet-

Table 3. Preparation of Solutions for the Gel-Clot Assay

s Solution A: Sample Solution under test at the dilution, not to exceed the MVD, with which the Test for Interfering Factors was completed.

Endotoxin Concentration/
solution to Which Endotoxin Dilution Endotoxin Number of
Solution Is Added Diluent Factor Concentration Replicates
A ___None/Sample Solution Water for BET 1 - 2
2 e 2
4 — 2
8 - 2
Bb 24/ Sample Solution - 1 24 2
o 25/ Water for BET Water for BET 1 24 2
2 Y S 2
4 0.5% 2
8 0.25% 2
D¢ None/Water for BET — . — — 2 A

Subsequent dilution of the Sample Solution must not exceed the MVD. Use Water for BET to make a dilution series of four tubes containing the
Sample Solution under test at concentrations of 1, ‘s, '/, and /s relative to the concentration used in the Test for Interfering Factors. Other dilutions

up to the MVD may be used as appropriate.

v Solution B Solution A containing standard endotoxin at a concentration of 2A (positive product control).
< Solution £ Two replicates of four tubes of Water for BET containing the standard endotoxin al concentrations of 2&, &, 0.54, and 0.254,

respectively.
o Solution D: Water for BET (negative control).
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