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Table A2-1. Test for Outlier Measurements

in samples from a normal population, gaps equal to or larger than the following values of G;, Gz, and Gy occur with a probability £ = 0.01, when
outlier measurements can occus only at one & d: or with P = 0,02, when they may occur at either end.

N 3 4 S [ 7

G 0.987 0,889 0.781 0.698 0.637

N 8 o 9 16 B

G 0.681 0634 0597
N B 11 12 13 i} |
G, 0.674 0.643 0.617

(85) BACTERIAL EN DOTOXINS
TEST

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

act.

f“th‘e Bacterial Endotoxins Test (BET) is a test to detect or
guantify 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 el formation; the turbidimetric
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
3 manner that avoids endotoxin contamination.

APPARATUS

Depyrogenate all glassware and other heat-stable materi-
afs in a hot air oven using a validated process.*'s A com-
monly used minimum time and temperature is 30 min at
250°” 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 craby (Limulus polyphemus or Tachypleus
tricentatus). This reagent refers only to a product manufac-
tured in accordance with the regulations of the competent
authority. [NOTE—Amoebocyte Lysate reacls to some [-glu-
cans in addition to endotoxins. Amoebocyte Lysate prepara-
tions that do not react to glucans are available: they are
prepared by removing the G factor reacting to glucans from
Amoebocyté Lysate or by inhibiting the G factor reacting sys-
term of Amoehocyte 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
Y For a validity test of the procedure for mactivating endotoxins, see Dry-

ilizati Steriliz i Sterili ] f Cormpendial Arti-
Heg? Sterilization under Sterilization and Stenlity Assurance O -
cles (12)1). Use Lysatz TS having a sensitivity of pot less than 0.5 Endotoxin

Unit per mL.,

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
gentle 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, prepare appropriate
serial dilutions of Stondord Endotoxin Solution, using Water
for BET. Use dilutions as soon as possible to avoid ?oss of
activity by adsorption.

Sample Solutions—Prepare the Somple 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. T%e pH may be 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
%/a!idated 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 x concentration of Sarmple Solution)/

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

v Kis 5 USP-EU/kg of body wei?hl for any route of adminstration other than
intrathecal (for which K is 0.2 USP-EUkg of body weight). For radinpharma-
ceutical products not administered intrathecally, the endotoxin imit is calcu-
lated as 175 EU/V, where ¥ is the maximum recommended dose in me, For
mprathe:aliz\ administered radiogharmaceuticals, the endotoxin limit is ob-
tained by the formuia 14 EUV. For formulations (usually anticancer producis)
administered on a per square meter of body surface, the formula is K/,
where K = 100 FU/m2 and M is the maximum dose/m2.,

[A)OCKET

LARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

USP 36

is a threshold pyrogenic dose of endotoxin per kg of body
weight, and M is equal to the maximum recommended bo-
lus 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 maximurm lotal dose administered in a single
hour period. The endotoxin limit for parenteral drugs 1]
specified in the individual monograph in units such as EU/
mL, EU/mg, EU/Unit of biological activity, etc.

Concentration of Sample Solution—

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

Units/mL: in the case of endotoxin limit specified by unit
of biplogical 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 lurbidmetric Technigue or Chromoagenic Technigue.

GEL-CLOT TECHNIQUE

fne gel-clot technique s used for detecting or quantifying
endotoxins based on clotling of the lysate reagent in the
presence of endoloxin. The minimum concentrabion of en-
dotoxin required to cause the lysate to clot under standard
conditions 15 the labeled sensitivity of the lysate reagent, To
ensure both the precision and validity of the test, perform
the tests for 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
Lest for confirmation of lysate sensitivity is to be carried out
when a new batch of lysate is used or when there is any
change in the test conditions that may affect the outcome
of the test, Prepare standard solutions having at Jeast four
concentralions equivalent to 23, &, 0.54; and 0.254 by di-
luting the USP Endotoxin RS with Water jor BET.

Mix a volume of the Lysate TS with an equal volume
such as 0.1-mi aliquots) of one of the Standard Endotoxin
Sulutions in each test tube. When single Lest vials or ampuls
containing lyophilized lysate are used, add solutions directly
lo the vialj or ampul. Incubate the reaction mixture for a
constant period according 1o the directions of the lysate

37 4 17 for 60 & 2 min), avoiding

manufacturer (usually at 37 ]
vibration. To test the integrity of the gel, take each tube n

Biolngical Tests / {85} Bacterial Endotoxins Test 91

turn directly from the incubator, and invert it through about
180~ in one smooth motion. If a firm gel has formed that
remains in Flace 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 Jowest concentration of
the standard solutions shows a negative result in all replicate
tests.

The endpoint is the smallest concentration in the series of
decreasing concentrations of standard endotoxin that clots
“he 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 inaicated in the follow-

ing formula:
geometric mean endpoint concentration = antilog (Le/f)

where Le is the sum of the log endpoint concentrations of
the dilution series used, and fis the number of replicate test
tubes The geometric mean endpoinl «oncentration is the
measured sensitivity of the lysate ('n EU/mL). If this is not
less thar 0.5 and not more than 2%, the labelec sensitvity
is confitmed and is used in tests performed with this lysate.

Test for Interfering Factors—Usually prepare solutions
(A-D) as shown in Tuble 1, and perform the inhipitdon/en-
hancement test on the Somple Solutions at a dilution less
than the MVD, not contzining any detectable endotoxins,
operating as described for Test for Confirmation of Labeled
Lysate Sensitivity. The geometric mean endpoinl concentra-
tions of Soiutions B and C are determined using the formula
described in the Test for Confirmation of Labeled Lysate S2nsi-
tivity. The test for interfering factors must be repeated when
any condition changes that is likely 0 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
aof Sofution B is not less than 0.52 and not greater than 27,
the Sample Solution does rot contain factors that interfere
under the experimental conditions used. Otherwise, the
Sumple Solution 1o be examined interferes with the test.

f the sampie under test does not comply with the test at
a dilution less than the MVD, repeat the test using a greater
gilution, not exceeding the MVD. The use of a more sensi-
rive lysate permits a greater dilution of the cample 1o be
examined, and thiy may contribute to the elimination of
interference.

Interference may be avercome by suitable treatment such
as filtration, neutralizatior:, dialysis, or heating. To establish
that the chosen treatment effectively eliminates interference

_Solution |

A

without loss of endotoxins, perform the assay described
Table 1. Preparation of Solutions for the inhibition/Enhancement Test for Gel-Clot Techniques PO
End;;f;;dn Concentration/ l N T
solution to Which Endotoxin Ditution Endotoxin Number of
o lsAdded .. ... .. Diluent Factor Concentration __1 . Replicates.
None/ Sample soldion - b 4
251 Sanyde Solution __ Surapie Somticn } 20 i .
2 1A R .
4 (0157 . Do 4
% .25+ R S
Water foe BET i 2 2]
. 2o IS RS
o 4 050 A
— 8 0257 [ S
- - S S

Sohennn A A Sample Sehution of the preparation under Lest that is fre

s Solutn B feat for interferencs
solption € Cortrol for abeled lysate sensitivity.
s dunmn . Heyative cantroi of Water lor 801,
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above using the preparation 1o be examined to which Stan-
dard Endot%xin hpas %een added and which has then been
submitted to the chosen treatment.

Limit Test

Procedure—Prepare Solutions A, B, ¢, and D as shown in
Table 2, and perform the teston 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

Endotoxin Concentration/ .
solution to Which Number of

Endotoxin Is Added Replicates
2
"""" 2
2
None/Water for BET. 2

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

Interpretation—The test is considered valid when both
replicates of Solutions 8 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 Solution 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 rephi-
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

UsSP 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 Jable 3, and test these
solutions by following the procedure in Preparatory Testing,
Test for Confirmation of Lubeled Lysate Sensitivily.

Calculation and Interpretation—The test is considered
valid when the following three conditions are met: (1) Both
replicates of negative control Solution D are negative; (2)
Both replicates of positive product control Solution 8 are
positive; and (3) The geometric mean endpoint concentra-
tion of Solution Cis in the range of 0.5 to ZA.

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
ditution 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 & (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 mu!tiplied by & (e.g., initial dilution factor
times eight times X 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 turbidig& On the basis of the particular assay
principle employed, this technigue 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 Ditution Endotoxin Number of
Solution Is Added Diluent Factor Concentration Replicates
I _None/Sample Solution Water for BET 1 o 2
B 2 = 2|
4 - 2
. 8 e 2
Bb 24/ Sample Solution - 1 2h 2
- 20/ Water for BET Water for BET 1 2% 2
2 (. | TP S 2 .
4 Q.54 2
8 0.250 2
D9 Nene/Water for BET R P — — 2

Subsequent dilution of the Sample Sofution 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>, s, and s refative o the concentration used in the Test for Interfering Factors. Oher dilutions

up to the MVD may be used as appropriate.

v Solution & Solution A containing standard endotoxin at a concentration of 2A (positive product controt).
: Sojution C: Two replicates of four tubes of Water for BET containing the slandard endotoxin at coricentrations of 24, &, 0.54, and 0.254,

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