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USP Forum, 41(5), 2015 4-9-10 A
(1228.5) Endotoxin Indicators for Depyrogenation.
BRIEFING (IR{q )

The General Chapters—Microbiology Expert Committee proposes this new general chapter as
an addition to the Depyrogenation (1228) family of chapters.

The effectiveness of the depyrogenation process can be measured biologically by conducting a
challenge study using a known quantity of endotoxin that is attached to, or contained in a carrier,
in a manner that is representative of the articles intended to be depyrogenated. In this chapter the
biological tool used to challenge the depyrogenating capabilities of a process will be defined as
an endotoxin indicator. The following topics will be discussed in this chapter: endotoxin and
lipopolysaccharide, applications of endotoxin indicators, preparation and use of endotoxin
indicators, and analysis of test results.
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Add the following:

= (1228.5) ENDOTOXIN INDICATORS FOR DEPYROGENATION
ik f aDi=bDT L R Xy e f TV —H

1. INTRODUCTION  (iZ L ®i2)

Depyrogenation is defined as destruction or removal of pyrogens (see Depyrogenation (1228)).
For the purposes of this chapter, the terms “bacterial endotoxin or endotoxin” refer to a
component of the outer cell membrane of Gram-negative bacteria, which is known to induce a
febrile response in humans and other mammals. The endotoxin complex contains many cell wall
components including, but not limited to, phospholipids, lipoproteins, and lipopolysaccharides.
Lipopolysaccharide (LPS) is the biologically active portion of both naturally occurring and
laboratory-prepared endotoxin complexes. The USP Endotoxin Reference Standard (which, by
convention, is abbreviated as RSE) and Control Standard Endotoxin (CSE) preparations
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purchased from lysate manufacturers and other third-party vendors are not endotoxins but rather
are preparations of purified LPS.

i /S A4 @ ¥ =  (depyrogenation) 1 . /S A B Yz OEELERELLTEEINLTWVS

(Depyrogenation (1228)Z ) , ZDFEDOHM G, “MEET R X Eidmy R v
(bacterial endotoxin or endotoxin)” D FHEEIL, 77 AR2M:AHE O outer cell membrane GRREAMEE 2 ) DRk %
B9, Zhudt b ROZEOMOEN) TOFREIGE (ebrile response) & 5| X Z -2 E 3L TV D, —
> R b2 2 A R (endotoxin complex)l L, 2% < DR RK 53 (cell wall components) & 15 AT Y | il 213,
1 > JE'& (phospholipids).  V AN72 A FAE (lipoproteins) . U AR U Y A R (U HELHEE ; lipopolysaccharides)
R ENEEND, Lipopolysaccharide (LPS)i%, HARIZAEUZH D (naturally occurring) 38 K TVT AN Tl
L= K b %3 185 {8 laboratory-prepared endotoxin complexes) D [ )7 & & . ZEW)ZFERNTIEME D & 53584y
ZRioT05, 74 %A Mysate) DILEEF B I OOV — FX—F f OXRU X = BIEA LT
USP Endotoxin Reference Standard (1Ef1iZ XY RSE L WEFL9 %) 3 X O Control Standard Endotoxin
(CSE}FdniE, —m> F hHx o Tidka, D LAKR L LPS DFEMLTH 2,

“Endotoxin indicators” (EIs) are tools that are used (where required) in conjunction with
physical measurements to analyze the effectiveness of a depyrogenation process. Els used to
determine the effectiveness of dry heat depyrogenation processes are commonly purchased as
glass vials that are inoculated with a known level of LPS activity. This chapter expands the
definition of EI to include any carrier, including glass vials, inoculated with endotoxin or LPS
that is used to challenge a depyrogenation process. Els can be used to analyze the effectives of
endotoxin removal by washing, rinsing, cleaning, or by using separation technologies, such as
filtration or chromatography. Carriers can be a variety of materials, including rubber stoppers to
assess stopper washing processes, bulk product to assess and validate processing steps, and
stainless steel coupons to assess the cleaning of production vessels.

“TRRMFT U AV —4 (endotoxin indicators) ~ (EIS) (%, Wi/ SA & 71 & X (depyrogenation process)

DEINEEFRNTT D722, (BLERGEID) WHEHE A0 TER LY —L GER)
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D LPSIEM AR L Te T T ANA T E LTHASNTND, ZOETIL, El DEREZM/ A 27
DEADF X LU VICHEHT A R MR U ERITPS #HM LT (7 AN T EET) *
¥ U7 —ICETHRT D, Els X, Veirwashing), 37 X(rinsing), JH T+ K(cleaninglZ K5, & D WIE A
Xva~ b TT7 74 DX BRHEIREERT 52 LICE Dy R XV U BREOEINEE TS
LD AT ENTED, v V7 —ICIdkx W EEZFEHTE 5, ZHITIETA hy/i— @
i s PR CRZFHMET A0 T s, T e AORAT v T EFHME LAY T — b5
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L5 R E LEbD) DA END,

BRI TR BB I A5 A TRV ET, FTALTTOT, HBF LB TR E SO T TF &L,



USP Forum, 41(5) 2015 4= 9 H  (1228.5) Endotoxin Indicators for Depyrogenation. IJ[(‘. S(‘.iﬂ“[iﬂ
ZOWEIE. USPWEDT-DICAT A A S 57200 K57 h T, Page 4 of 20 pages
5 DDHW & 2 VIFATEVEZAT O IS hTo - TE, Folid USP ONELZ SR L, Hlr L iT81Z L TFEVY,

Purified LPS, such as CSE obtained from lysate manufacturers or other third-party vendors, has
historically been a convenient choice for use as the analyte used in the preparation of EIs.
However, Els prepared in-house using laboratory-derived endotoxin more closely mimic
product contamination, and as a result can provide a more realistic assessment of the
depyrogenating capability of various production processes than does highly purified LPS. This
chapter provides information on the preparation and use of these more specialized indicators to
assure both consistency and comparability of data among method development and validation
studies.

TA A b (ysate) BIEEH B D W0E, OV — RAA=T 4 DX F = BFEN S CSE Lo 7ok
BULPS X, TN ET, Els DI T 2 B E@naye) & LT, BAICEE S 2 ERME L 2o
TWb, LNLAENE, IR-HEDT L K b % 2 (laboratory-derived endotoxin) & i A9~ H ZiH$l D Els
(F. WO L0 HEIEBT 2 b0 THY . TORRL LT, SmEICHERENIZLPS LV b
FFEORIE T v 2D A vRESI O LV BIERN M AR 2 Z LAk D, ZoET, Wk
ERBRT R T =g VBT O, T—F O —E M (consistency) & LIS A HEIE (comparability) & PR EE T 5
TDIZ, ENHDOXVRERN DL LicA VO — X OB L ERIZE L COEHREIRILT 5,

2. ENDOTOXIN AND LPS (= R k& & LPS)

A bacterial endotoxin is defined in the Introduction. LPS is the biologically active portion of the
naturally occurring and laboratory-prepared endotoxin complex. Highly purified LPS, extracted
from the natural endotoxin complex, is used to prepare the primary compendial endotoxin
Reference Standard (RSE) or secondary Control Standard Endotoxin (CSE) preparations, such
as those purchased from Limulus amebocyte lysate (LAL) reagent manufacturers. LPS consists
of three distinct regions:

NRIT YT 2 R hEF 20, Introduction (xtwic) DIEICBWTERIN TS, LPSITHA
WAELELDETARTHE L, =0 F MU UEGEROEYFHITEEEZ OS2 5O H DT
bbH, BROTY R XU EEERP G SN T, @MEICERIN LPS 1, —ROAMT R
k2% 2 > Reference Standard (RSE). % 7213 — ¥k ® Control Standard Endotoxin (CSE) D HLIZ f# FH & 41
%, RSE 3 %\ & CSE (4. Limulus amebocyte lysate (LAL) DFREKELEEE N BEAT D Z L3 KD,
LPS 1%, BAFICIHR~2 35D R S T NS 20 725 T 5D,

1. The structure of the hydrophobic lipid A portion of the molecule is the most highly
conserved among Gram-negative species and is responsible for most, if not all, of the

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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biological activity of endotoxins.

Z D51 DBKPED lipid AR5y OREEIL. 7T 2 FEVEFEFE(Gram-negative species)D H1 T %)Hi%)
BEAREITERAE S AU TU D EB 45 (most highly conserved) Tdb ¥ . =2 K b % o 0 D AEMFHTEEL
b (BTTIERWDY) 5T 580 THD (it : coBYTERRELTNE0?) .

2.A core oligosaccharide links the lipid A to the hydrophilic O-specific side chain
or O-antigen.

27 4 U T (core oligosaccharide)l . lipid A 2> 5 Bl/K M O-specific side chain (o-frsmgy) 7=
1% O-antigen©O-#E)ICE THE L TWVD, (CoRLERMN/LETHS, FROREBBRO L)

BREE : = R R OFEEZYILENESOTHIUEL, LFTOEENRSEZIZ/725 (Q0154F9H 297 7ER)
FEAMERTEE T R v Uil Ao Tx)
http://www.wako-chem.co.jp/siyaku/kiki/images/product/endotoxin/books/kihon.pdf
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3. The hydrophilic O-antigen is a highly variable region that confers serological specificity
to the organism and is often used to distinguish strains of Gram-negative bacteria.

HBUKPE O-antigen (ZFEHITAE) Lo WHEHEITH 0 . Z oI, AWK L CTliFFa972
Rtz 52 TWb, EOTHIL, 77 LRMEME OEKO SN S5,

When drug products and devices are contaminated with endotoxin, the contaminant is not
purified LPS but rather whole Gram-negative cells and/or cell wall fragments containing LPS.
LPS and endotoxin are therefore dissimilar in many respects.

R ARCERRR AR ST B PR TEREZ T GG J OGRS LPS TRl
T UAHRWEIT Y 7 AEHEEZDO LD TH L) (BAHWIXZENIIIMAT) | LPS Z & TvhifubE
D W 7 (cell wall fragments containing LPS) Cd» 5, FALpz, LPS L= R hF v iid, < DR TR ST
W5,

The amphipathic nature of the LPS molecule [i.e., having both a polar (hydrophilic) end and a
nonpolar (hydrophobic) end] enables it to form complicated, three-dimensional, aggregated
structures in solution. The aggregated forms of LPS have the capacity to adsorb, or “stick”, to
surfaces, and depending on the LPS formulation and the surface, extraction and detection may
prove difficult using conventional extraction methods (see below). The degree of aggregation of
the purified molecule is also affected by the conditions to which the LPS is exposed. Factors
such as temperature, pH, salt concentration, divalent cation concentration, chelating agents, and
detergents can have a profound effect on the biological activity and stability of LPS in solution.
Purified LPS preparations used for depyrogenation studies should not contain any “fillers” or
excipients. The excipients that are commonly used in the formulation of CSE have been shown
to reduce the heat resistance of LPS (1) and may interfere in the recovery of LPS because of a
caramelized excipient that has been post-processed by dry heat.

LPS %31 M8 4 amphipathic nature) [ 77205 ffE CBIAKM:) ORGG &, FEMME (BUKME) DR
ZEO] 1. IR T CHHER =R I D EREAE 1 (complicated, three-dimensional, aggregated structures) D JZi% & ] HE
LT %, LPS OEE LT TEREIX, KM ITWIE (adsorb) F 72 1% “Z2E | X 5 (stick)” BESIZFF-> T\ D, £
L C LPS Ofpk & R OFEFIZ L » Tk, ekt 7L (TR i) 2 H L CoMt & it
R 72 D WTREME AR > T D, BRINTHTOREOES WS Eo, £0 LPS IRE SN D5
PRIZ K0 2B % 52T 5, IR, pH. IR B (salt concentration), A D B35 7~ > i JEE (divalent cation concentration),

% L — b Allchelating agents) « 3 X ONEIFH (detergents) DAE 72 [N 1d. IR FIZ BV T LPS DALY RIS
PE & ZEPEIC BR 7252 B profound effect) 27 > TN Do i/ A 1 fAICHE ] S LR S 7z LPS A7 5k

BRI TR BB I A5 A TRV ET, FTALTTOT, HBF LB TR E SO T TF &L,
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X, anfe] e B “fillers” (e i) CHETEZ Al (excipients) & & TeX X TlX72V), CSE DALFIZ—#RAIZHEH &
ARRIEANX, LPS OBEHIMEZ U A Z EMNSGEESNTER Y Gk 1) | %3 X D EIK I 704l
I (post-processed by dry heat) %52 1F T H T A AL L 7ZRBHZAN (caramelized excipient) D72 82 LPS D [EIIVIZ $
SN D A REMED B D

Endotoxins contaminating parenteral products may exhibit greater stability of activity in
solution and less surface adsorption than purified LPS. As well, the detection of endotoxin may
be less influenced than LPS by aggregation, disaggregation, or other conformations induced by
some product matrices. Information on principles to consider when preparing endotoxin in the
laboratory can be found below.

ERANCEZENTVD T N R U, WIRF T EEICOWTIRERZEMEZ R L, 2Ok
RENT LPS L0 bREWAEEDMENTH S 5, BT, =2 R b2 ORI, BEEEAL (aggregation) |
i (disaggregation) &> D\ ML, & DFED[EFL I~ b U w7 A (product matrices)(Z 2 o TaBE S5 Z OO
Ti€(conformations) (Z%f L ClE, LPS LV HEEZZIFII< WEEBZLND, THRICBWVW T K ¥y
A BT BT & I L COfSIE, BT ORICR LR T b,

3. APPLICATION OF ENDOTOXIN INDICATORS
(= R X 0EEDEH)

The choice of an EI should be relevant to the process being validated. For physical
depyrogenation, such as dry heat, the carrier material for the El may be a surface such as a glass
vial or appropriate coupon material onto which a known quantity of LPS or of endotoxin has
been inoculated. For stopper washing/depyrogenation studies, stopper carriers are inoculated
with known levels of LPS or endotoxin. For raw materials or process intermediates that are
inherently contaminated with assayable levels of endotoxin activity, there may not be a need to
add LPS or endotoxin to validate endotoxin reduction in the manufacturing process, as the level
of contamination may be sufficient to accurately measure activity upstream and downstream of
the depyrogenating step(s).

El ORIE, NV T — 179 P RFEMNT 23T _&E TH D, O X 5 BRI 72 i <A
2\ZH-TIE, El ADOFX v V7 —OMEIX, HT7 AL TIVERZ, 7 —FROk%E L Ct)
IME E VST REIS, LPS F/2E= 2 R X U OBMBEBRT 5, A b w8 — G i
Fofe) PWFFOPANAA T L TE, A by X=X VT —%, BEAED LPS £7213= R h¥
VCHET S, EEAREREDOT L R R 0 TILX (inherently) 75 4 L TV N2 JE B} raw materials) ¥ 72 13 T
T2 ST 5 (process intermediates) (2% L Tl BE TR TOZ U R X U b 20 57— 9572012,
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LPS H2WNE=Y B M2 2 iRMT 2 LERENTHS 5, LD DI, HRO L~ULH s
A v TR (HEEEZITEE) o LRAlR SO TR TOMEEZ EMICHIETE 202 +a712 L Bb
NHMHThH D,

For processes using raw materials or for upstream intermediates that are not contaminated with
endotoxins, the use of either the USP RSE or CSE, which are both highly purified preparations,
may not reflect the actual removal or reduction potential of the product stream depyrogenation
step(s) under challenge. For these purposes, endotoxins harvested from Gram-negative cultures
may be more suitable for depyrogenation processes typically found in biopharmaceutical
product streams. The cell wall fragments and outer membrane constituents associated with these
endotoxins represent realistic challenges to process operations such as ultrafiltration, affinity
chromatography, and the use of charged media membranes or columns.

TR MU THBERINTOZRWEED 2T ERRIC 5 2 TFEEH 5 upstream intermediates) % 15 FH 3~
57 B Ak L TIE, USP @ RSE £721% CSE (5L bRmEICHKHEINTELTHD) O
MWEFHTLZZEE, Fr LoV WRoMETEOB A 0 AT v 7 (fE-38%%)  (product
stream depyrogenation step(s)) D FEBEDIBTER/RBREF 2ITWAD DO N2 KT 51D L3R 6220 THA 9,
INHOHEMNZIE, 7T AEVEREOEFEY) (Gram-negative cultures) 72> 5 LY H L72 (harvested) =2 K k
XU, NA AR O B TR (biopharmaceutical product streams) C—HEHIINZ A BV D K 5 iS4 v L
BRI LTI, LV#EUTHLEBZ6ND, ZNLHDT= 2 R hF o & BET 5 HIRUEERT A (cell wall
fragments) 3 2 ONIMIEAE W) (outer membrane constituents)l . [B4} A il ultrafiltration). FRAME S o~ K77 7 ¢
(affinity chromatography) 33 X OMHfE S AU72 Ailaik4 0D A 7 > (charged media membranes) & 7214 5 7 2 (columns) D
27T 0 A TOBRMEIHT DHEN R T v L P E2RTHDOTH D,

Challenge studies for LPS or endotoxin removal in process streams should be conducted at the
laboratory or pilot scale so as not to introduce high levels of endotoxin or LPS into the actual
production environment.

71 2D process streams)lZ B VS D LPS £/ RS v TOF ¥ LU PHEIL, IR E-1T

NABy A=V TITHIRETH D, ZHE, EEOREREICHEEDOZ REFTrbd
X LPS Z AW EHIZTATDTH D,

4. PREPARATION AND USE OF ENDOTOXIN INDICATORS
(> R Fy U HBEOER)

4.1 Methodology to Create a Laboratory-Prepared Endotoxin: Principles to Consider

BRI TR BB I A5 A TRV ET, FTALTTOT, HBF LB TR E SO T TF &L,
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(ZARFEOT L N FF 2oL 0D Em « BT~ HH)

Glass vial Els purchased from third-party vendors do not need further preparation before use.
These indicators are labeled with a nominal value of inoculated LPS, and the label claim should
be confirmed upon receipt to assure that there is sufficient activity (endotoxin unit, or EU)
available for the study.

YPe RR=TF 4 DR B =DM LT T A8 7 L0 Els 1%, RN EICTHEYEE 21T 5
VBTN, ENODOA U — X, RS L7 LPS OZAFRME (nominal value) 2337~ S 4L TUND 3,
ZDT VLD EREIT, FAEICHERT DR T2 01+ 72150 (endotoxin unit, F7-21% EU) 3% 5
T EERAET D7D, MENDDLRETH D,

e There is not one “best” or “standard” method for preparing endotoxin in the laboratory,
but one example of a published method for the preparation of laboratory-prepared
endotoxin may be found in Bowers and Tran (2). Regardless of the methodology for
preparation, the following recommendations should be considered to properly and
consistently produce, identify, and maintain laboratory-prepared endotoxin for use as a
tool for depyrogenation studies. An appropriate Gram-negative bacterial strain from a
recognized culture collection is a good choice for preparing a laboratory-derived
endotoxin. Alternatively, a Gram-negative organism isolated from a facility, water
system, raw material, or product that is identified to the species level, that has been
shown to be genetically stable and that is properly maintained, may also be considered.
Establishing the identity and baseline genetic fingerprint of an environmental organism
will assure that subsequent preparations are consistent.

FRICBIT DT REFT O 00D—20D “N A kpest)72” F 72 1% “FEHER) 72 (standard)”
FEIIFEELTWRY, L, TR-8D T R k2 2 (laboratory-prepared endotoxin) D i
DIZHDINER SN FIEIZ DN TO—2DHpF| %, Bowersand Tran (3Cik 2) (245 Z &
Hk 5, RO TFEROMMSRD B LLFISR N HEET, i A miidoy —1 &
LCHEAT L2007 R-HEOT S R R vk MIEDEEFICTHR L produce), FFE
L (identify), 2> DPRFFT 2 (maintain) & B 2 HAILD, TAR-HFDOT Y R K F 2 2 (laboratory-derived
endotoxin) & AL T~ 5 72 0O 1T I, A% LT 2 AR 1A% B (recognized culture collection) 7> B O 3 ]
7T MEEER T2 2 L0, KWBRFIETH D, HDWIE, Mgk, K AT A

D D VNEB D B ST 7T ARRMEE b BB R LD, 212 L, D5
%, F(species) L~V E TRIE SN T, BEICZETHD I EDRVIEINTED, o
EEICHEFF SN TWD Z ERRMETH D, BREMAEMDIRIE & baseline genetic fingerprint i

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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e The laboratory should create detailed procedures or laboratory work instructions for
culture maintenance and endotoxin preparation to assure consistency between batches of
endotoxin. For example, endotoxin may be isolated from a live culture or a culture that
has been subjected to autoclaving by filtration through a filter of 0.22-um pore size into
a sterile container. Whatever the methodology for growth and endotoxin isolation that is
developed by the laboratory, the methodology should be documented and used
consistently.

FRE, = R X Oy FRIOEFEHEZRIET 572012, BBEORFFEZ R EF
O DOFBLZ OW T OFEM 72 515 S U NE T AR VEZEF 75 E (laboratory work instructions) 2 1% 95
RXThD, HlZIE, AXTHODEEED(ive culture) 2°5, & D WITIEEDOEZRIZ 0.22um D
HBEDT ANF =2 B L TOLHWIILY, ThEAd— 7 L—T LIcEE»NL, = F b
XU EGMET D Z NS, TRV LIS T LARBREFEOATHIEST= L R X v
DIEER EDRRIR b D TH > Th, ZOHEMIILE N ZITV, BIZEhE AT & TH
Do

« Consistent with good microbiological practice, the culture and maintenance of the cells
used to produce a laboratory-prepared endotoxin should be consistent
with Microbiological Best Laboratory Practices(1117). Instructions on: 1) the proper
maintenance of the organism; 2) growth conditions, including any requirements to
prepare media, nutrient requirements, and time/temperature of incubation; 3) methods for
cryopreservation or lyophilization for master cell banks and working cell banks; 4)
storage of the endotoxin, once prepared including concentration, vessel type, and
volume; and 5) master batch production records to assure consistency in subsequent
studies should be written, managed via change control, and followed.

good microbiological practice (Eff7efiEmiEEsis 2175 2 & T, FHh-H= N ¥ o
UG T DI O B E (culture) & HEFF (maintenance) 2. Microbiological Best Laboratory
Practices(1117)IZ—F L7 b D LT RETH D, RO L 5 RFHAZOEXEZ CGHEH L, A '
EHZBUCTER (vx—Y) L, LT, £ 2 &,

1) AW O IE/RFEE

2) BREME, TR, Mo, REER, BIUOEBEORE FHEZ ST |

3) ¥ AKX —& /LT (master cell banks)FS K OV -2 /L7327 (working cell banks) DRIR LR 7T

(cryopreservation) 5 72 [ XU #Z A8 (1yophilization) D J7 % ;

BRI TR BB I A5 A TRV ET, FTALTTOT, HBF LB TR E SO T TF &L,
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4) W o 7 AEEL L 7= (once prepared) = R k&2 DRTE,
ZIXRE, R4 A 7B L OERELZ AR, BLWY
5) %®f(ﬁ@ﬁﬁﬁ@‘fﬂ%ﬁ%%aﬁﬁ“é oD~ A K —sNy F RS G E A
EAL, BEEHABL Cvxr—Y (BH) L, ZLTEITHED,

o Once isolated, the relative activity of the endotoxin preparation should be established by
comparing its activity to a known LPS standard such as RSE, or a CSE that has been
standardized against the RSE. Determination of activity involves diluting the endotoxin
preparation and assaying the dilutions against an LPS standard curve such that the result
of the dilution falls within the range of the referenced standard curve. As with the CSE
standard used in the bacterial endotoxins test (BET) assay from Bacterial Endotoxins
Test (85), the activity of the endotoxin may vary, depending on the lot of lysate and lot
of LPS used for the analysis. It is recommended, consistent with the assignment of
potency for the CSE, that activity of an endotoxin preparation be evaluated for each
lysate manufacturer, lysate lot, and test method (gel, kinetic turbidimetric, or kinetic
chromogenic) in use in the laboratory.

O & 72 U5 BiffGsolated) L 7272 51X, RES, F721% RSE (ZxF L CHAEL S 4172 CSE D K 5 72, BE
D LPS FRHEMIT X L COZ DIEW A LS 2 2 & T, £D = K R AR OF RIS
PEZRESIT 5 2 &0 IEMEDOREIL, =0 B b UREROARI KO, EOARIRD LPS £
YERRARIC K L CEED D, TOERICEE L T, 2RI 52 OEREMHROSEHENICZE D
AR OWPERERDE D D Z EMBETH D, (FRIE : USP @) Bacterial Endotoxins Test (85)
@ bacterial endotoxins test (BET)E &R IZHEH 4125 CSE E#EM ERI U L H I, = F %
U DOIEMEIR, HTIEE T S lysate D=y b BELPS D ry MI X > TEHET 5 TH
A9, TNz, =¥ KX rOiE%E CSE Olicxt L T—&Hs¢b Z &2 HET 5,
I, =R RV UEROERE . TOT R THA SN TV D4 lysate BG4 lysate
7 b3S X OGRER 5 1E (A (gel) LLIETE (kinetic turbidimetric), & 2 UM I EE 275 (kinetic chromogenic) )
T 56D TH D,

The activity of the stock endotoxin preparation in EU/mL is reported as:
(Test result in EU/mL) x (dilution factor) = EU/mL of the starting endotoxin preparation

LRIFA T K b % 2 UK (stock endotoxin preparation) DTE M (EU/ML) X IRD XL H IZ#E S 5.
FREBRAER 5 EUML)  x (@R=E) = IO KR 5O EUML

e Once activity has been determined, and if applicable to the study design, a standard
series of dilutions of the newly prepared endotoxin should demonstrate onset times that

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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result in slope and y-intercept values that are consistent with the standard curve
parameters of the RSE/CSE standard using the same lot of lysate. This demonstrates that
the activity of endotoxin preparation dilutes and reacts with the lysate in a manner that is
similar to LPS.

— T OEMEIRE S41, £ L TH LETRA @ ATRE THAUT, Ho i L=y
BUE OFEUER) 72 3 1) — X (standard series) )3, [7] U lysate > 7~ b Z{# ] L T RSE/CSE &Y L D
FEYEMAR T A —2 & —FT 5 [Afdslope)) & Ty SEIA (y-intercept) | DB A 4 U 2 FEBLRF(H
(onsettimes) & REFH9 5 Z &, ZiUE, =2 R XU R OIEEZ AR L, LPS & [R5k
T lysate S AH Z & Tk &5,

o Characterization of the endotoxin preparation should also include data on the stability of
the preparation, because stability is critical to the comparison of data from one study to
the next. If the endotoxin preparation is stored, storage parameters including the
concentration of the preparation in EU/mL, the composition of the vessel, the
temperature of storage, and the length of storage, should be defined. An expiration date
should be assigned based on determined stability.

T2 N MR UERORHEMTT ORE b £ ZFOEMOLREMICONTOT—F 2305
&, EWIH DT, BEMIE. HOMENOROMEE TOT —Z DN EZELENS ThH
Do LTV R IRV UERERGFT 2O ThIUT, YZIEMORE (EUML) | &aDH#
Ji% (composition of the vessel) | PRAFIREE ., 35 KX ORAFHAM (length of storage) % B TR E /X T A — X %
HETAHZ &, HESINTZZEMEIZESNT, AR H (expirationdate) ZED D Z &,

4.2 Inoculation of Els  (Els M)

To prepare an EI in house, inoculate endotoxin or LPS onto an article (carrier) that will serve as
the substrate for the EI. Carriers for Els can be anything that is subject to depyrogenation such
as: vials (for dry heat depyrogenation), stoppers (for stopper washing), stainless steel coupons
(for vessel cleaning), or product (for depyrogenation of process streams).

El Z HE CiRRLT 272121k, El DG (substrae) & L TS E b aWbih (v V7 —) It
YRR TVUEITLPS ZERET 5, Els OF v U7 —E, BiosAm s Fukv 222 oM LT
D2 ENHFED, BIZIE, A TV (FENZ L D51 T V) | F(stoppers) (#& (i - = ke) FHVEEHRR) |
AT UV AT =Ry (FaOBl) . H5ONERE (—EHO T a e A TORMAA 1) Bd D,

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,



USP Forum, 41(5) 20154 9 A (1228.5) Endotoxin Indicators for Depyrogenation. limS(:ientia

ZONEIE, USPREDTE DI AT a2 52T 51200 R 7 N T, Page 13 of 20 pages

{7 5 2 DY 8 5 VNITE 21T 5 IS b T TIE, BeHio USP ONAEEBIBL, Hli L7812 LT FEW,

The simplest way to inoculate these indicators is to add a small volume of a highly concentrated
solution of endotoxin or LPS to the carrier. The volume and concentration of added endotoxin or
LPS should be calculated to add at least 1000 EU to the carrier, although higher or lower
concentrations may be justified. For nonliquid carriers, the endotoxin is “fixed” or dried onto the
carrier substrate. This fixing step is most easily accomplished by drying in a unidirectional air
flow cabinet or hood, although other drying methods including vacuum drying, lyophilization,
and other fixation methods could be used. In depyrogenation challenge studies, once a fixing
method is chosen, it should not change in subsequent studies to assure comparability of results.
Before using the Els, a recovery procedure, consisting of a reconstitution or extraction method,
should be developed and verified for consistency (3).

ENOA V=R CHEET DR OEERFIEZ, 20Xy ) 7 —IEFICEREOT Y R Xy
Y EILLPS OOV EEBNINT 22 L TH D, IMShDT R ¥ E7ILLPS D& &R
FEIX, Frv V7= LTh7<TH 1000 EU 2% 2 X9 ET L8, LrLans, kb
B, HDOWVIEEVEWVBETH-> TH, TNNEXEEINTVD (ustified) D THIVE, FESN
LHDTHD, METIHRNF Y VT —IZX LTI, = F X E2F v U7 — 0B E (substrate) |
“MEET D (fixed)” M. HEESE D, ZOBEEMORT v FIE —HAKEOF ¥ EX Y bELITT
— FNTHBRESEZ00, KOLESHIATRZDLOTH LN, Mo iE (2, H2ei
(vacuum drying), {HUf RZ A5 Iyophilization) 33 &2 UMHLOD [ E {1 0 5 1 (fixation methods) 23 5 £ 415 ) AT 5 Z &
NBHHKD, PiifaF v L VREICBWT, O TECEEO FEZZFIRLIZOTHIUE, R
O LA ] BEME (comparability) & PRAE T D 72 DI, £ DL DWFFETITE L 23 2 X E Tl Els 21l ]
T AR, FRME (reconstitution) & 2 W\ 3 H (extraction) D J5 #5265 722 B AN FNE Z il E L. »ofE
WO ETHZ &, (U 3)

For liquid carriers such as bulk product, the level of inoculation in EU/mL should be justified
based on “worst case” challenge for the depyrogenation step under study, meaning that the
highest concentration of endotoxin that could be in the upstream product, based on process
knowledge and historical endotoxin values, should be used. Such justification should take all
contributing factors into account, including but not limited to: Gram-negative bioburden in raw
materials and bulk; endotoxin content in raw materials including water, contributions by product
contact surfaces; and the effect of hold times, particularly for nonsterile bulk.

PV BUERD X9 RO F ¥ U7 —IZB L TR, LY (BUMML) 1, fEXSRE LTWD
WiSA 1 27 7D “worstcase” F¥ LIS 2 b, UL, TR (process knowledge) & i
EDx 2 R b U historical endotoxin values) |2 F5-D & | _E AT TC D HL (upstream product) FHZ R H vz =
RhXo o ORERBEZFERTLIZEEZERL TS, 20X 5 RES{LOHEE S ustification)l X,

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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42" C D EL[K (contributing factors) & A B 1T D72 OIZIT H RETH D, L TOBRRLHFNCREINDH H DT
T2V, RO LI b DORETF HND,

BB KOSV D 7T AREVERE DS A N—T

<K (REEEEAREIZRAMR T 2) 2B RO R Ry U EaE

< FRIZIRIEL L 71 Z6F LT, PREFIRFE oD 52 28

4.3 Recovery of Endotoxin fromEls ~ (EIs 2»5D x> K k& > D[a[IR)

To use Els, it is necessary to recover and quantify the activity of the endotoxin or LPS from both
unprocessed indicators (controls) and from processed indicators (i.e., those that have been
through the depyrogenation process). LPS tends to adsorb to surfaces and may aggregate or
disaggregate in some product matrices; therefore, recovery of activity from Els made with LPS
is often not 100% of the nominal or measured spike value. This section addresses the
methodology for recovery and possible strategies for addressing recoveries that may be
observed in challenge testing.

Els 2 H 32 720121%. R unprocessed) DA > 47— # 33 L OMLER I (processed) DA > 45— 4 (-
ROBLRHAL O TRZERLZHD) O, WO KX H500 M LPS OfFMEARIN L, 2
OFERTHIENMEL R D, LPS IIRIAICNAET BN H Y, HOFEOR G~ Y > 7 X (product
matrices) "ClLEEEE £ 721 XFEBE (aggregate or disaggregate) 95, ; T Z, LPS TITo 7= Els DIEMED [HIUY
X, AFRD B DUNIARA 7 LIED 100% & 1372 b WATREHER B 5, Z D' 7 2 a i, BINO
Fikiwme, Fr Lo VEBTR LN b EIR GRIE KW ?) BT RS 5 72D O A[EEZR
RIS IZOWTHLY B 5,

In the case of commercially available Els prepared with LPS, the manufacturer’s directions for
extraction and recovery should be followed. With such products, there should be little difficulty
in achieving recovery within a factor of 2 of the labelled LPS concentration. If recoveries within
the specified range cannot be achieved, the manufacturer should be contacted for technical
assistance.

LPS TRHBL L 7=l Els OHEITIE, fhitids K OEUUC SV TORIEEF ORI 2 &, £
DX DM OEEIT, FRENT LPSIRED 2% (FRIE : 0.5~2 %) OFHNT, 55 5HEIL
TI\MEDN R ZERPET D, b L, BUE SN RHAN ORI L KT D 2 & BRIV DO ThiL
(X, BRI SR AT D0l BEEE L a2 M TH L,

For Els made in-house using LPS, the composition of carriers, such as plastics, can affect
recovery or result in inconsistent recovery because of adsorption. For these carriers, there is no

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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prelabeled concentration to verify. In this case, the expected recovery should be based on the
measure of the activity of endotoxin or LPS added to the article and the volume of extraction
fluid used to recover it. The actual (measured) activity in the extract should then be compared to
the measured activity of the endotoxin or LPS added to determine the percentage of recovery.

LPS M L COBRFEHMMD Els 1%, 7T AF v 7O LI eFk v V7 —pkiE, —EMHEDRWENY
(EENFENT D) T, BIRSDWVITHRERICEENRE DI THAH, TOLI BT U T —IIHRL
T, HERD T DT OFIR ZFIUVTZIREE (prelabeled concentration to verify) [XAFAE L CULNRVY, Z DA
X MRS N A EUE, BTN R X2 U D 0T LPS OiFtEE . ZoRIUCHH L7
HHEOREDOPEIZE S RETH D GRIE: WL TNV LOIRZOE AL T, BN S ROH%
BT 5LV B2 TM?) . RIS, FINEREZJIET S22, iR (extract) OEEED GHIE S i)
EEE, M DN REF DO R RF 2D LPS OIEM: & ik 5,

For example, consider a stock endotoxin or LPS preparation containing a measured activity of
100,000 EU/mL that is used to prepare in-house Els. If a volume of 50 uL of this preparation is
dried on the surface of each of a number of 10-mL vials, the known amount of activity added is
5000 EU. If the recovery/extraction is performed in 5 mL of water for BET, and the recovery is
100%, the expected activity in the extract solution is 1000 EU/mL.

Bz X, BFEREO Els o 72912, 100,000 EU/ML ORIEF A EME 2 & T, SRFHOT K RF
VUFETIILPS DIEMEE X D, ZOESD 50 uL DFEEE . ZEO 10-mL DENENDOEKEITHE
X272 51X, Iz 537215 0 BEJ0 £ (known amount of activity added){%, 5,000 EU & 725,

b LIENS i 2 BET HI7K water for BET)D 5mL TATVY, Z DEILAS 100% ToiuiX, fliHik <o Hifs
SN 5HiEMEIEL, 1000 EU/ML TH 5,

5,000 EU/vial

- . — =1000 EU/mL
5 mL extraction solution/vial

If, however, the measured activity after extraction is 200 EU/mL as opposed to the expected
1000 EU/mL, the efficiency of the extraction method is 20%.

L L7Zen s, & L% ORNE S 721G, #IF#E O 1,000 EU/mML Tl37e <, 200 EU/mL T
5L 5E, HHEORIT, 200 TH D,

Recovery of endotoxin or LPS from nonliquid Els prepared in-house can follow
recommendations for the extraction of medical devices in preparation for LAL testing. USP

general chapter Medical Devices—Bacterial Endotoxin and Pyrogen Tests (161) states, “The

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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standard extraction method is to soak or immerse the device or flush the fluid pathway with
extracting fluid that has been heated to 37 £ 1.0°, keeping the extracting fluid in contact with the
relevant surface(s) for NLT 1 h.” The volume used for reconstitution or extraction should be
appropriate for the material, size, and shape of the El, recognizing that a volume too low may
not efficiently recover the endotoxin or LPS and that excessive volumes will unnecessarily
dilute the endotoxin or LPS that has been extracted.

H Z 8L U 72 FEHIR O Elsmonliquid E1s)7> B D2 B R332 > F 7213 LPS O EIILIE, LAL testing @ ¥
(preparation) | Z 33 1T 5 EFRHEZR D> D ORI OHELZIZHE S Z & 3K D, USP @ general chapter Medical
Devices—Bacterial Endotoxin and Pyrogen Tests (1611, RD X 5 IR _XTW5, « “BEAERY 24 HTE
(standard extraction method) (%, 4i%Msn4a (FRIE : FRHIRIZ) (TIRIE T 2 (soak or immerse) >, 37 £ 1L.0CIZ E
THIR L7 iR ©, 2 OWRIKR DR (fluid pathway) & 7 7 v > = L, 1T REHLAN(NLT 1 h)D & & T,
PR DS BERES % Feih & Bl 5 KO ITBRD” o PR (reconstitution) 3 72 {34 HH extraction) | 2 F %
KEIE, El OfE (material), K& X, Z L TRICOWT, Wb DT RETHD, ZOHA,
HEVICHDRVREIZT Y R U U F721E LPS OEMN R +-31270 5 Z &, 6 X ONEEI7e ik &
I, SN A= R U EIEXLPS BAREIZHNESND Z EBBHHILTND,

If the recovery of added endotoxin or LPS is variable, an alternate extraction method may be
developed and validated. This may include agitation or mixing, sonication or alternative
extraction solutions. A combination of extraction in 0.01% sodium laurel sulfate, sonication, and
vortex mixing is one such approach that has been reported to be more effective than extraction
in water for medical devices (4—6). Other extraction methods are summarized by Bryans et al.
(7) and in ANSI/AAMI standard ST72:2011 (8).

HE LML R ¥ 0 d D0 LPS OEUAEE 2 O Thiu Blofht FiEEHE L.
NYF—=RE{ToTh IV, ZTHL Gt slomiyg) 121X, R L VRS (agitation or mixing), H K AL
P (sonication) F 721X B OHI AWK (alternative extraction solutions) 23 & 415 TH S 9, [0.01% sodium laurel
sulfate, EEE LB, = L TCHALT v 7 AT K DIRA (vortex mixing) | & W 9 fiHOMA G OEIX, £D
Ko7 Te—FDO—2>ThV, EFEEGICTIKTOMBEEIY b, RVRNTHDL Z L2H
HE TV D (R 4-6), oot /577413 Bryans et al. (3Cik 7) & . ANSI/AAMI standard ST72:2011 (3
BR8)IC L D EH SN TWD,

Another situation concerns liquid endotoxin or LPS preparations that are used either to validate
a depyrogenation process in a process stream or to investigate the destruction or removal of
endotoxin or LPS in a manufacturing process. In these cases, the initial concentration of the
stock liquid endotoxin or LPS solution should be measured before it is added to the system or
process. If some of this preparation is added (“spiked”) to a bulk process solution that is then

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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subject to a particular process or treatment, the activity of endotoxin or LPS in this bulk solution
should be measured and recorded as the starting activity. It is important to determine whether
changes in the endotoxin or LPS activity of the processed solution are due to effects of the
process and not to instability of the LPS or endotoxin in the solution. The stability of the activity
of the LPS or endotoxin in these preparations should be verified over a period appropriate to the
proposed use of the preparation.

fLORPLT, RO R EF U H DV LPS IR D B OTH Y, Zibid 7 vt 20K
(process stream)|ZFS VT D/ XA B 7R E NN F— T 57012, HOWIRE v R ICBITHT
YREXFVUHDLWVIELPS O, ESH L WVIIREEZRAET HOIEAINGLOTHDL, TD
DGFEIE, VAT LDV E 7 1 ZTIRINT SRS RAFHOIRIR= > R hF 2 & 5L LPS
WEOMWIREZHET S22 L, bLIOWROELOREEZ, NIV 7RO T 0t AERITINZ S
( “spiked” §°%) O THIUL, AT EETOT L B X HH 0T LPS OIEMEZHIEL, A ¥
— NRFOTEME (starting activity) & L Citdkad 3 _X& TH D, YutR (L) 22 72EWEOT Ky
DU ETIL LPS TEMED LA, DT ut ZADHBEIZ LD D Th - T FDWIED LPS & 5 UV
T REFRTVUVOREIZED LD TIERNE W) BERETLONREETH D, 2 OO (7
R) 2B D LPS £721E= > R b v OfFEOZEMEIL, £ OESSOFE ST 5 I Y)
BRI oo THER T N&E TH D,

As with the spiking method (choice of endotoxin/LPS and “fixing” process), whichever
reconstitution/extraction procedure is chosen should be verified for consistency and should be
used for all subsequent studies to assure comparability of results.

ANRA T &AT I FE (2 R XU ULPS BE W “BET 5 (fixing) 7' 1 AD®ER) LFEERIC, ®
E U 7= AR,/ Fih H 07 1 (reconstitution/extraction procedure) i, & D TE M 2 TEFE (be verified) T XX TH U
FE R DL ATBENE (comparability) ZPRAET H720OIZ, ZDHDOETORMETENEZHEHTRETH D,

4.4 Choice of Test Methodology for the Analysis of Els
(E1s DOHr 1= D J5ikam DEIR)

Any of the test methods described in (85) can be used for the analysis of processed and
unprocessed Els. As with the rest of the methodology, it is highly recommended that an assay
(kinetic turbidimetric, Kinetic chromogenic, or gel clot assay) be chosen during method
development and used consistently throughout the initial study and in subsequent studies to
assure that data are comparable. The use of alternate assays is permissible, provided that they
are validated to assure that they are equivalent to or non-inferior to the standard compendial
assays.

FRRICIZU T RGN R I A X A T a0 E T, RUIALTTO T, HIr LATENIL TR IES N T T TR &Y,
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USP @ Bacterial Endotoxins Test (85) Tk~ 5 41T 5 BRBR FiEDAL G ALFL 35 X 1) AR ALF (processed
and unprocessed) O Els D3 HTIZHE T2 Z & B3HIZR D, & DML J5E5 (the rest of the methodology) & [FIARIZ

FEOBFEFIC, EEE (He#{EKinetic turbidimetric), L fA7% kinetic chromogenic), & 5 W ME 7 /LAL (gel clot)
DERIE + Juk EREOMRL TRHABETHS) ZIBE L, 7 —F OB ATREME A RAET 2 729121,
MW OPFHEZBEL T, BLOZOBROBEICEBNT, Wit @HA+T2 2 L am #E 5, 5
DERIEOMEHIZ, b L, FEHERRATE O E £k (standard compendial assays) 2[R Tdh 50>, HDH W
1ZFELYE (non-inferior to) TH 2D Z EZRFET 2 Z ENNRNY T — RSN TWD R 5IE, FREND,

5. ANALYSIS OF RESULTS OF DEPYROGENATION STUDIES
(/<A & FRAL DR R OfEHT)

To evaluate the effectiveness of a depyrogenation process, the residual activity that is recovered
from processed indicators is compared to the endotoxin or LPS activity of unprocessed controls.
Typically, the log;o of the endotoxin or LPS activity measured for the processed EI (or solution)
is subtracted from the log;o of the measured endotoxin or LPS activity of unprocessed control
indicator. The result of the subtraction is the log reduction that is attributable to the
depyrogenation process. If there are multiple controls and/or samples of processed material (and
there usually are), the most conservative approach is to subtract the highest log;oconcentration
recovered from the processed Els (or solution samples) from the lowest log;o unprocessed
control endotoxin activity. For example:

Wi XA v TREROF M Z T T 5 72 DIE LB S 7= A > 47— # (processed indicators) 7)™ B [AIIY & 4172
FRAFIEME 2 . RALEL D %} B (unprocessed controls) D 2 N k23 0 F 721% LPS OIEME & k#1795, — %
FZIE, RUEOKIEDA 2P —=Z DT B R %3 2 ET2E LPS OIEPED logy 205 AL STz
Bl (F7213AHK) CTHRELZ= R FX U U E 721X LPS OIEMED logy BESIEHET 5, £D5|&E
BROFRERIT, WA n T ot XCRRTL25D0THD, b L, LELIE~T U7/ @k Els 2451 &
EZzns) 1. BEO R (multiple controls) 3 KO E 721XV FANRNTFEET D (F LT, ENNEEILE
£ 2) OTHIUL, HKHIEERT 7 2 —F (most conservative approach)iE, [AFRUEEDOXIFRT L K FaF
AEPED I HAKU 10g1o fE (lowest logse unprocessed control endotoxin activity) | 72>5 .  [ZLEE L7z Els & 72 131K
DY TN B EIL S TR DO b 10 10010 (lowest logye unprocessed control endotoxin activity) | % 5| & F9~ 25
ZEThB, FRIE: LLTFITEEOBOXBNS 5 & X OFHEFEH)

e The activities in three unprocessed Els are 1286, 1000, and 1532 EU/mL.
3 ODORMHED Els OIEM:IE, 1286, 1000, 35 LY 1532 EU/ML Th %
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e The activities in three processed Els are 0.634, 0.512, and 0.496 EU/mL
3OO L 7= Els OIEMIX, 634, 0512, 5L 0496 EU/ML.TH D

The log reduction is calculated as:
KHEIEY (log reduction) 1%, RO L HIZFHET D

l0g10 (1000) —logyp 0.634 = 3 — (—0.198) = 3.198 log reduction
log;e (1000) —log;p0.634 = 3—(—0.198)= 3.198 xi#kjsi/

Historically, a >3-log reduction has been required by regulatory/compliance guidance. However,
depending on the process and historical data, a 3-log reduction may be either excessive or
inadequate. For example, for glass vials with a low or nonmeasurable endotoxin content upon
receipt, the requirement to continually and repeatedly revalidate with an acceptance criterion of
a 3-log reduction of the endotoxin spike of >1000 EU is excessive. Alternatively, a fermentation
process with an endotoxin content of >10" EU/mL in the clarified culture supernatant will
require more than a 3-log reduction to achieve safe levels of endotoxin in the drug substance or
drug product. In any event, an appropriate specification for the log reduction of processed
indicators should be established and justified in a preapproved protocol for the study. The total
reduction, of course, may be achieved over several steps in a purification process. Thus, the
necessary reduction is often achieved additively over the course of multiple purification steps.

FES A1, 1R ESF9 & A7 A & A (regulatory/compliance guidance)(Z 2 ¥ . >3-log reduction (3 -log
VAT arbllk) RERISNTWD, LOELERL, 78R TOT—4BL0MEDT —4
(historical data)lZ JAUIE, 3-log J/TEE S L < IIAREEI LB 2 Hvd, BlZIE, AREE AL upon receipt)
TO, EWFEZITHENHKR2NE I RENZ Y R XV U ERBEFON T A, TR LT,
>1000 EU D=2 K hF T DAL 7D 3-log U X7 ¥ a v OFFFRHIMIERUERE T, #EGEHIIC ok
BLEANVTFT—Yarad5L0ERIE, BRITHL, £O—FHT, EILLIZEEDO FIEIK
(clarified culture supernatant) "1 >10" EUIML > R F ¥ o aimaBoREE 7 ot 23, RUH Ak drug
substance) & 5 WM EE A drug producy D=2 K R o U DB IR VIV EFEKRT D T-0121E, 3-log U ¥
vaYUbEEVELETLHTHA D, 72551280 TH, WL L1 ‘/‘/b‘“‘&(processed indicators)
D log V&7 a  OMERBZRNLL, YEHEDO TOARINZT 1 b a— L TmBlpy7R ik
WAL (be justified) &3 _XRETHDH, bHAA h—F VR R EX®v o on /- X7 2 3 2 (log reduction)
X, R T o 2ADKSID AT v S IThlz> TERENDITHAH, Thd iz, HERY XY
Va R BB OB T v 7Ok FIcB VLT, LIE LIERINAIZZERL S 215 (be often achieved additively),
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