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BRIEFING (BE&&H)
(1228.3) Depyrogenation by Filtration.

The General Chapters—Microbiology Expert Committee proposes this new general chapter as an
addition to the Depyrogenation (1228) family of chapters. Production of parenteral products
requires not only sterile manufacturing but also processes that prevent harmful levels of pyrogens.
Effective destruction or removal of pyrogens, or depyrogenation, depends on the product that has
been manufactured and the proposed method of removal and/or destruction. Liquid products can
be depyrogenated through filtration. This chapter provides an overview of that process and the
various approaches and technologies used to complete it.
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1. INTRODUCTION (XU ®(2)

Endotoxins are lipopolysaccarides from the cell walls of Gram—negative bacteria.
Endotoxins are responsible for making up the majority of pyrogens, which must be
removed from pharmaceutical products including injectable biologics. There are
many factors to be considered when designing a depyrogenation filtration process
for solutions containing proteins and peptides: type of target protein and its
concentration; electrolyte concentration; pH and buffer system; protein molecular
weight and isoelectric point (pl); filtration parameters (e.g., flow rate); and
interactions with other components causing aggregation. In general, a combination

of these factors determines the most effective depyrogenation method.

TR EF ALY T LR OMBEE KT D U AR ZHEK Qipopolysaccarides) T Do T2 K R
VAT TGRS DFEEEE (oyrogens) IZBEH- LTIV | N HOAW FRIRAI 2 S EEL N BERE L
RINERERVMETH D, TAHEBIOSNT T REGTEIROML/ A 1 Aild TFE (depyrogenat ion
filtration process) Zaxal 9 DAL, RO X H BE T RE L DR TFBHEEL TV D,

B —Ty NeRDBIZAHEDE A T EEDREE

. %ﬁig?}%g(electrolyte concentration) ;
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- pH LB S 2T A (ol and buffer system) ;
- TEABRE D5y & SR A (isoelectric point : pl)
s ADWDRT A= (FlzIX, BE)
* BEEE (aggregation) DJFUA & 72 DA DSy & OHAAEM
AN, EREORTF-ZMAG0ED T LA ROZIRMRBE AL niEZRET Db D ERD,

Depyrogenation of liquids may be accomplished by means of filtration through
various types of filter media including microporous membranes, reverse osmosis (RO)
membranes, ultrafilters, charge-modified depth filters, activated carbon, and
membrane absorbers. Depyrogenation filtration processes are not intended to remove
microorganisms from a process stream; however, by their nature, filters selected
for use in depyrogenation processes may also be capable of retaining many types

of microorganisms.

WRARDOPL A 71X, FFED A (tilter media) Z 18R S TO, AWMLV ERIND, A8 E LTI,
ROEIBRLOREEND,

~A 7 BHR—T A« AT F 2 (microporous membranes) ;

123 E (reverse osmosis ;RO) A L7 TV ;

[BAN A8 7 4 LA — (ultrafilters) ;

BT ¢ 7 2AAT ¢ LB —;

TEME IR (activated carbon) ;

AT T P (membrane absorbers)
i A o A7 at AL, T a ADFIL process stream) 7> H DIAEH OB EEZ BRI L TRV, 5 L
L, TOWEIZE T, Bina mr o 2AHICEIRSNTZT V& —I%, 2L DX A TOWEM%E
HET D EbHKD,

2. TECHNOLOGIES USED FOR DEPYROGENATION BY FILTRATION
(BT K D i S A = I ZfE 42 Hdi)

2.1 Microporous Membrane Filtration (<A1 7 BAR—F A& « A7 7 U Aill)

Microporous membranes (typically with pore size or retention ratings between
1.0 and 0.1 pm) can be very effective in removing intact bacteria via size
exclusion and adsorption within flow pathways. The use of microporous membranes
on a freshly prepared solution to be filtered can effectively prevent bacterial

proliferation in the solution, along with any potential subsequent endotoxin
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formation. Endotoxin, however, is composed of fragments of bacterial cell wall,
often <0. 025 ym (1) that may easily penetrate most bacteria-retentive membrane
filters. These negatively charged particles with endotoxin activity can be
removed via adsorption by positively charged membranes (2). Adsorption of
endotoxin has also been shown by hydrophobic membranes, where it is thought
that a hydrophobic interaction occurs between the Lipid A core and hydrophobic
sites on the membrane flow path surfaces (3). Reduction or removal of endotoxin
activity by adsorption to microporous membranes can be dependent on flow rate,
pH, concentration, and fluid and membrane surface properties. Once the
effective binding capacity of the membrane approaches saturation under applied

conditions, remaining endotoxin will pass through the membrane.

VAT RR—=T R« AT T2 (—EENTIE, 0.1 ~1. 0um D FLEE (pore size) d D WITIHES K
(retention ratings) & FF-2) 1%, Wi (flow pathways) PN O P A RIZ 3 < HEFR (size exclusion) & W35
(adsorption) (2 & > T, 5EERFEIRZ FF DM (intact bacteria) DFREZFEF TR L ATH Z LAY
Kb, ABEATIWRERIZICGRHL T, 7CI~vA 7B R—TR - AT T30 THRTDHI L
1%, DR TOMED DI Z RN LRI, MEMDARICL > TR > TRD =
R R VTR OATREMEZ S IRINCI S b D TH D, LINLARAR L, =2 F b3, Ml
HARCLEE DT F (tragnents) N H72 D 72> THE Y, LITLIFZFOKRE S1E <0.025um CLHER 1) TH Y |
ZOREIFLL OMEHEHDOA LT T« T4 NE—ERKGITEBT D Z LKL, i
ORI R EF UV UAEEZB L TNT, o~ A T RICMEL TWDHHIZ, 7T AITfT
T L72 A L7 T (positively charged membranes) |{Z &> T, WG ZM L CERET D Z LA HK D Lk
2), Bkt X 7 F o (hydrophobic membranes) IZ X A= K b F 2 2 OWEFE (adsorption) & AE S
NTEBY ., ZOBEIEIA LT T 2 OFEEFE DOBUKPEEL (hydrophobic sites on the membrane flow path
surfaces) & Lipid A 217 (core) DRI, BKMEDHESEHRAEL D LEZEZHNTWD CUHR 3), ~
AIAKR=FTR AT TUOWRFEIZLDT Y R X AGMEOR E 7213 FREIL, TR (Flow
rate). pH. JEFE. BIOVKIKL 2275 FHE OMEE (fluid and membrane surface properties) {ZAEIET
HEBZOLNTND, DAL T T DHENFERIE (effective binding capacity) D3, D& TN, £
D AL % SO T THIFN (saturation) [IZRE L 72D THIUL, EV D= FhXFUd, 20
AT T @l TLE D,

2.2 Reverse Osmosis (G¥iZ% )

RO membranes are the tightest membranes in size separation. They can separate
dissolved salts and sugars from water. Pyrogens, and essentially everything
else, are removed from water via size exclusion. RO systems are operated most

efficiently at high pressure (200-1000 psi) to overcome osmotic pressure. RO
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membrane rating or tightness is measured and expressed with retention or

rejection of marker salts such as sodium chloride or magnesium sulfate.

RO AT T 0%, BEICHEE 72 A2 T T U (tightest membranes) Td V) | YA KU X 5478 (size
separation) |IZIE D LD TH D, TNOHD AL T T 0F, Kinh, BfiE L T2 R XL OB %
DEET D ENHKD, "M eV BLXOENIIAREMICZNIZET 2WEIL, 4 X0k
D HEBR (size exclusion) IZ LV | KPBEREZILD, RO AT A, 1=23BEE (osmotic pressure) ITFT H
BT % & 5 @ ES (200-1000 psi) T, BARESEIELS D, RO A T T U DRIMED %
UM YE (RO membrane rating or tightness) X, HiAET b U A (sodium chloride) & 2 W~ 72 7
2 (magnesium sulfate) DAE72~ — 1 —Hi¥H (marker salts) DERFF FE 72 1THEBR (retention or rejection) THIE
i, PORBEIND,

RO membranes may be composites (thin film coated on top of ultrafiltration
membranes) or cast as a single layer (cellulose acetate type). Configuration
of RO membrane modules can be flat sheet, tubular, or hollow fiber. All
commercially available RO membranes are polymeric, and most are of a

spiral-wound, flat—sheet format.

ROATZ A%, BEME LTSN TWD (N7 (LA, BRI SBIEO BEIZ=— S
NWTWD) », B—DELE L THFr AR (ast) SN TWAD (cellulose acetate A7) ., RO
AT T e ® D a—LVORIRIZ, 7T v b+ 2 — N (flatsheet), T = — 7K (tubular) . & DHUNE
R —7 7 A /S —(hollow fiber) &35 Z EMNHHKD, TIRD RO AT T o Ofifhu b BEAK
(polymeric) TH Y . EDLNIANAL TARID T F > |+ ¥ — MERi(spiral-wound, flat-sheet format)
Lo TnD,

RO systems are not intended to remove all bacteria, and because they are run
at ambient temperatures, microbiological contamination 1is a concern.
Ultraviolet (UV) light may be used in the system downstream from the RO units

to control microbiological contamination.

RO AT AMIMEZ R TCHRETAZIEEZER LD TIERVWDO T, EN 5 Z AT X IR (anbient
temperatures) CIEALT 5 & | AW FANEYNBEIN D, AEWIEYZHIET 5 7=, ROZEED
Okl o) 3 AT N TN LR (ultraviolet (WV) light) ZfEHT 52 L RHIZRS,
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2.3 Ultrafiltration ~ (FR4+ A1)

Ultrafiltration (UF) is a process whereby a fluid is passed through membranes
with pore sizes nominally between about 1 and 100 nm under pressure. The filters
are usually not rated by the pore size but by the molecular weight cut—off (MWCO).
The methods to determine the MWCO vary by the manufacturer and usually involve
measuring passage of molecules of a certain size, such as a solution of mixed

dextrans, polyethylene glycol, or proteins to assign a numerical rating (4).

FRAL A (Ultratiltration 5 UR) (&, MIE T T, # 1~100 nm OAMRFLEE (pore sizes nominally) & D
AT T, WEREZBEHSEL 7R THD, ZNHDT 4 V7 — Tl LBEEAHT D
ZOTIEHRL, S TEDOHI Y A7 (nolecular weight cut-off ; MWCO) (2K - TED IS, MWCO
ZRET D HIER, T OREEFIC L > TR, @H X, BAEA 72 NANL ST (to assign a numerical
rating) D7ZDOIT, B DHRKE S RO T ORKZ BB S Y, 200 FHET L Z LITK-> TN D,
ENHDyFELTE, IBALET F AN T 2 (ixed dextrans), R IJ TF L2« 7 a—)b
(polyethylene glycol), 72A/FIE (proteins) 73d> % (SLHK 4),

UF membranes are usually polymeric porous structures, manufactured from a range
of materials, most commonly regenerated cellulose or polyether sulfone, but
also ceramics. UF membranes may be produced as flat sheet, hollow fibers, or

ceramic tubes.

UF A7 0%, lE, BE LIS EOEEZF > TR Y RFEMHOME N b RIE S D 28,
ZD% L, —MRANTITEAE /L T — A (regenerated cellulose) & DVMIR Y =F )L « ALK
(polyether sulfone) T D, £ 7 I v 7 bEfibiLd, IF AT T 0%, 77 v b« — h(flat
sheet), R —"7 7 A 73— (hollow fibers), HDWIET I v 7 « F 2 —7 (ceramic tubes) & L THLiE
b,

UF is generally operated in tangential/cross flow mode, which separates the
starting (feed) solution into two components: permeate (the portion of solution
going through the membrane) and retentate (the concentrated solution that is
passed over the membrane). UF membranes need to be encased in a suitable integral
device to enable practical operation. Heat sealing, over-molding, and
resin—potting are all used to assemble membrane devices and ensure integral

flow paths. Ceramic tubes are sealed by gaskets within tubular cylinders.

CORXIT., KEEBF (USP) DHEICHR T EHICHISAIHEE T BT DEFERTY NI HTRIRRB/IX21THHY
T RXIFENEEMB IS LTOERICEEF A REMGHIEEATHIE. BT REXITH-LTTEL,



USP Forum, 41(5) 201549 A In-Process Revision:  (1228.3) Depyrogenation by Filtration LifeScientia

Z DORFTERHL USP OBFTRTY . WEDEMMERIT, BH D USPIZTIMRT I, Page 7 of 16 pages
UF [ 3—f%AJIZ tangential/cross flow mode (FRiE : 272 HAGEASE Y THER ZEXURTEF R &35, %<
PEBBEERENTND) TEIRSNLTEBY . 2L, m%(&ﬁ)%ﬁ%Zomﬁf\?ﬁb%éﬁ

(permeate AT T U imia T DU SY) L FRREUR (retentate ; AT T v EA @i LT

B SN TP <IR) ~&. DBET 5, UF A7 703, FHOBREBELREE T 572DI21E, #
G172 AL ST HEIE (suitable integral deviee) IS N D Z L BNUEE R D, AT TV HKEE
WAL THIZO, & L THAIE SN2 O L (integral flow paths) Z PRAET D722, T OHE
IZHE— b « 2=/ l(heat sealing), A —/N— « FE/LT 1 L7 (over-molding : S . 3 K OV IR A%
U (resin-potting) MMEAIND, BT I vV « Fa—TiE, Fa—TROVY VX —RNIZH A
v NE AT —I7T 5,

It is generally assumed that the basic subunit of lipopolysaccharide (LPS) is
about 10-20 kDa (5). Membranes of 6-10 kDa cut-off are often used for
depyrogenation by size exclusion. However, monomeric LPSs are rarely found in
solution because of their poor solubility in water. LPS is usually present in
aggregated forms, such as vesicles ranging in molecular weight from 300 to 1000

kDa. Thus, endotoxin can be successfully removed by higher flux membranes, with
MWCOs of 30-100 kDa (6).

U INZHERE (lipopolysaccharide ; LPS) DFEAM /e = MI, #10~20 kDa TH D LEZ HIL TV
% (SCHk 5) o A RITHEES S HEBR (size exclusion) [CX B A 2L LT, LIZLIE, By bAT
DT EN6-10kDa DA T T UMERHIND, LM L7 5, HEROD LPSS @monomeric LPSs) 3
WIRPICHIZA DD Z DD, ZIUTZEDOHERD LPSs 23, K~OEMENR B 272D T
»H D, LPS [T E 1L, $EFE L 7= HE (aggregated forms) TIAAE L TV D, D K 9 72/ M (vesicles) 1,
%%%ﬁ%o~mwk%:btofwéo%h@z\zyPﬁ%yV@mqwkmawm%%

HLOEFLEA 7 T (higher flux membranes) C. P ERET D Z L3RS CLHR6),

Adsorption, in addition to size exclusion, also can be a mechanism of endotoxin
removal by UF. Several hollow—fiber membrane materials have been evaluated,
and the best removal was obtained with more hydrophobic membranes. Endotoxin
removal was correlated to the degree of endotoxin adsorption on the membranes

in an equilibrium experiment (7).

P A RNZHAS < HEBR (size exclusion) (TR T, WA adsorption) b 7z, UFIZDH = K & UfRE
DAB=ZALEL TR TND, BONDHRE—T 7 A N—=D AT T UEIC OV TR & T
B, KHBRNT U R IRV UDREIR RVBKEORNA LT T TRLNZ, T2 F ¥
TUBREIL, SEERREE L LT EBR (cquilibriumexperinent) TlX, FDA LTI DT KRR D
W 5 2 (degree of endotoxin adsorption) {Z ELA L 7= (3CHR 7)
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UF has been used successfully to depyrogenate small molecule drugs, buffers,
electrolytes, antibiotics, and antifungal agents (8). UF is generally not
recommended for endotoxin removal from solutions containing larger molecules

such as proteins.

UF 1%, D EOIRS FEH T (snall molecule drugs) . FRIER (buffers), FEMRE (electrolytes), PLAEME
(antibiotics), 33 & OFLEEA (antifungal agents) Z i/ 34 B F 5720, EFEH LTV D Ok
8) UF IZ—fAZ, mAHBED X 5 KDy T2 BUEHN b B b3 v 2 BREITITHELE
SINDHHDTIER,

2.4 Charge-Modified Depth Filters (fifFEALEET ¢ 7" AR 7 ¢ L & —)

Depth filters exhibit two primary clarification mechanisms because of their
structural and chemical composition: size exclusion, either through sieving
or entrapment; and adsorption, either through electrokinetic (positive zeta

potential) or hydrophobic interactions.

TATAT v F =L, FOBENL LML FEHRERIZE Y . 2 50 FHEREbkE
(clarificationmechanisms) Z7R9, T720OH [V A XIZED S HEBR (size exclusion) ; Z AUILER (sieving)
VERFEZIE T v 7 A2 b entrapnent) (2K 51 & THRE ; ZHUTEEES (electrokinetic ; N T o
7 7p 8 — X —FEAL positive zeta potential) & DV MIBRAKMEDFAAEH (hydrophobic interactions) (T &
%] Thb,

Size exclusion of particles is a function of the tortuous flow path through
the media as well as the depth or length of the flow path in relation to the
size distribution of the contaminate loading, e.g., cellular debris, including
LPS from cell walls and hard particles. Depth filtration efficiency depends
on many factors, including the filter media characteristics, materials of
construction, e.g., cellulose, filter aids, binding resins—the fluid
characteristics, e.g., viscosity, dirt load, cell debris, temperature—as well
as the particle characteristics: solid/hard, pleomorphic, proteinaceous,
colloidal. Electrokinetic adsorption is attributed to the resin binders and
filter aids that impart a net—positive charge, positive zeta potential, to the
filter medium. Adsorption is a complex mechanism that will vary based on a
combination of parameters including positive zeta potential, hydrophobic

adsorption, particle surface charge, pH, and ionic strength of process fluids.
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This positive zeta potential can remove negatively charged particles smaller
than the nominal rating of the depth filter medium. The adsorptive mechanism
results in high removal efficiencies for fine particles, colloidal and cellular
materials, e.g., bacterial endotoxins, nucleic acids, and removal of negatively
charged trace contaminants, whereas the depth medium porosity influences
operating parameters such as pressure differentials, flow rates, dirt load

capacity, and throughput.

Fi - DY A RIZES S HEBRIZ, AM O %218 5 T MR R OMREIZ L D, ZAUXAM O
BIZ &L D5MT, 5R LTV D AGE (RIISHOROFREY) ; MIIREE )& 0 LPS 36 LUV N— F/3—
T A 2V (hardparticles) bEH END) & OREET L TOMBORS LRI bF-TVD, T4 7
2D AHIWEHEIT, WO K S 2% ORFITELA S D,

AR DR (Filter media characteristics) ;

(F4 72T 2 —%) R L TWAWE, HlxiX, Bra—2x ARBAl &S HBIE &8
AR OFFME (binding resins—the fluid characteristics) o Bl Z 1L FHEE ., BIVEBV (dirt load) |
IR DT T Y Z (cell debris), IREE, ; ZFOMIC

o KL 7-HEVE (particle characteristics) @ [E,/N— R (solid/hard) . ZFEVE (pleomorphic) . 72 As B
(proteinaceous) , JBR (colloidal)s
B FENLIL A5 (electrokinetic adsorption) 1L, MR/ NA 2 & — (resin binders) 33 K XA IBMBNA (filter aids)
WCEDHDTHY, ZNDHIE, AMITK L CIERD IEERT (net-positive charge, WY T A 7 72E —
B —BNT positive zeta potential) 52 B, WEITEH/R A D =X LK TEBY | HED/RT X
—Z DMABEDEIEDNTRELEDLDLI THA D, TEDOXIRNTA=FIIE, RYT 477
B — & —HE{I (positive zeta potential) , BRAKIME DU (hydrophobic adsorption), FiL 0D 3% [ FEAnf (particle
surface charge), pH. BILONT 1 ¥ ZIKIKD A A L 58 (ionic strength of process fluids)23dh D, Z D
ROT 4 Tl B =2 —EX, T4 TADOT 4 NE— e AT 4T O LY H/AhS7, X
AT 4 T LI ZBRET D2 0K D, WaE A F1 = K A (adsorptive mechanism) &, fHH
IRRLT- (fine particles), T H A MR I OMIHESROME BIAE, ~7T7 VT 2 Fhxv
V. B OFEFITEORESDR L ZNIIR I T 4 TIHE LIEREOIE Y OREEZ AT
Do FD—FHT, T 4 T ABDOBRD FLEE (depth medium porosity) 1L, ., JiE, ¥ —7 1 WHED
B (dirt load capacity), 35 d3 OMLEE & (throughput) D K 9 72 JEHR/XT A — X ([ ZHET 5,

Most cellulose—based depth filters contain a filter aid to enhance particle
retention and flow characteristics. Filter aids are available in various
particle sizes and levels of purity. Common filter aids include diatomaceous
earth, perlite (volcanic origin), carbon (natural sources), and silica— and/or

metallic—based materials.
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%L DN O —AR—=ZA RDOT 4 FAHT )V Z—F, @BIF (tilter aid ZHATEY, ZHUT
FLFOREF & PRERFNE (flow characteristics) & D, AMMBIFNL, SFEORI T A X6 KON L
SOLBFIAFRETH 5, — 72 A1EBIAI & LTI, B 1 (diatomaceous earth) . 73— A K (perlite,
KIS voleanic origin) 1 —7N 2 (carbon, RIXHIZK natural sources) 3 LY, ¥ U AHEOHER (B
KO/ F£7213) &REM-DOWE (silica- and/or metallic-based materials) 23d AL 5,

The cartridges and capsule configurations are constructed of primarily
polypropylene and other common elastomers and polymers, e.g., nylon,
polycarbonate, polysulfone. Depth filters are available in standard filter
cartridge/capsule configurations; lab—scale discs (47 mm/90 mm), flat stock

sheets, lenticular cartridges (stacked discs), and capsules.

T1— bV v VB IOH T OREEESY (configurations) 1Z, & LTARY ZFr T LB L OMho
— R T A P — R BLORY ~— BIxIX, Ay, RYT—ARRA b, KUY ZLR
V) MOHERENTWS, T4 7 AT 4V F—F, ROX S RBETAFENRAETH D,

AFHEN R T 4N F—T1— N vV S AT RADIHE

« TRAT—)IVDT 4 A7 (47 mm/90 mm)

« 77w R A My 73— M (flat stock sheets)

s LU AW — B YU Y (lenticular cartridges ;stacked discs)

« 1 7V (capsules)

* 0 FE MBS LT BT AR RS0 FIE GERERRE )

In general, the chargemodified depth filters showed lower endotoxin
breakthrough levels at charge exhaustion as compared to charge—modified

membrane filters.

— KA, WELELDT ¢ T AR T 4 V2 —X MELE DA T T e T 42— L
<, ﬁ‘%ﬁ:go < TjH&%(charge exhaustion) CTl&L, — K k F U DIEIE (endotoxin breakthrough) J= V) ’ff_E
WHEDThH -T2,

Membranes demonstrated total endotoxin breakthrough once the charge capacity
of the membrane is saturated. Generally, charge—modified depth filter media
demonstrate lower endotoxin unit (EU) levels that increase slowly at the point
of first endotoxin detection as compared to membranes that exhibit complete
breakthrough.
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AT TV g ArTILROT 4 —) [T, TDA T T UDORET Y XU T o nfafn L= 5
X, ERRT F R @I (total endotoxin breakthrough) 25H8 2 5 Z & NG S LT W5, —i#%
BT . TFEAIRT ¢ SR D T 4 L E—D A%, BTy R R VB (BU) LL %o
ZEMFEHENTEY . ZhUE, BT R R @i (conplete breakthrough) 789 A 7 T
VM LT, BHIOT Y K bRV RHIRET, $o< b L LERMIBRONG, @ik Fi
LR SCOBRFNRLIETH D)

Benefits of chargemodified depth filters include removal of bacterial
endotoxin [4-5 log reduction value (LRV)] (9-11), DNA fragments, host cell
protein, reduction of viruses, and economical throughput with low extractable
levels. System flow rate determinations are necessary to optimize residence
time to maximize adsorptive capture. This parameter is especially important

for the removal of colloids and endotoxins.

WIELIRDT ¢ T AT 4 )L 2 —DAELE Genetits) 1L, N7 T VT« = K F U DfRE [4
~5 log reduction value (LRV)] (3R 9-11)=C. DNA WrF (ONA fragments)<°fE A7~ A HE (host
cell protein) DI, B — /L ZADAD, B LUK WY L ~L TORFH 72 ULERE (economical
throughput) 2N FI D, ¥ AT L DFEIHE (systen Flow rate) DEE L, WFFIT K D FHHE (adsorptive capture)
R RIZT D721, W] (residence tine) Z Al L D12 OIMETH D, ZD/3T A —H T,
oA RBEORZY R XU UOREBICELT, FICEETH D,

Cellulosic depth filters commonly contain extractable Limulus amebocyte lysate
(LAL) -reactive materials that are often determined to be [B-1,3-glucans.
B-1,3-Glucans activate an alternative LAL pathway, Factor G. The activation
of Factor G by B-1,3-glucans will induce the proclotting enzyme, causing a
non—endotoxin—positive LAL result (or enhanced result). To reduce the risk of
B-1,3-glucan extractables from cellulosic depth filters, it is important to
follow the recommended rinse conditions of the specific depth filter. An
alternative to reduce the effects of B-1, 3—glucans is to select LAL reagents

tolerant of B -—glucans or to add a S —glucan blocking buffer to LAL samples.

o —28OFT ¢ AR T v —F, —KHIIZ, Limulus amebocyte lysate (LAL) (Z/Sind™
HEIHPEOME A G ATV D, ZOWEIZLIZLIE B-1,3-glucans THD I L MMESL TN
%, B-1,3-glucans X, BI® LAL ¥ (alternative LAL pathway) Td D Factor G ZiEMALT 5,
B -1, 3—glucans {2 X % Factor G OIEMALIL. proclotting enzyme Z3FE L, = K hx P
AT LD LAL OFGMEORERAE R (F721%, HE S 72/ ; enhanced result) OJFRKE 725,
o —R{OT 4 TART 42 =Bt EN D -1, 3—glucan D U X7 &b SE D 7201,
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BT 4T AT g N E—OHIEIND )V AFMESFDLZ ENEETH D, B-1, 3-glucans DI
BAWA SH DT ODORIOSEZ, B-glucans IZMHEDH D LAL SHEEZRET D0, HDHVT
LAL %> 7 2%t LT B-glucan blocking buffer Z#x 52 & TH B,

To some users, the most important attribute of charge—modified depth filters
is their effectiveness as prefilters. In more difficult filtrations, such as
those containing colloids, bacteria, or endotoxins, the user can realize

substantial cost savings.

— D —W—|Z L o TIL, BT 4 F AT ¢ V2 —Dg b BE BRI, L7 4L X
— & L TCOZDOEMMETH D, 24 Reolloids), MIEHDWTTZ U R o a2aie L v R
RABWMIIEBNTIL, 22— =%, RV DR MNEAZERTE 5,

2.5 Activated Carbon Depth Filters (G147 4 7 AR 7 ¢ )L & —)

Depth filtration, using activated carbon as a filter aid adsorbent, removes
color, odor, and bacterial endotoxins and nucleic acids. Activated carbon is
derived from organic materials, e.g., peat, wood, coconut, bone, lignite coal.
The microstructure of the carbon contains millions of pores that create a highly
adsorptive material with a vast internal effective surface area as compared
to polymeric microporous structures. These carbon filter aids are typically
activated by steam or chemical treatment such as acid. Although highly effective
in reducing endotoxin (4-5 log reduction) and other undesirable contaminants,
active carbon may, because of this highly adsorptive characteristic, remove
other process components and target molecules due to this nonspecific
adsorption property. The high loading capacity and strong adsorptive attributes
make activated carbon depth filtration an attractive alternative to
conventional filtration methods or addition of bulk carbon, where care must

be taken to remove fine carbon particulates in the effluent.

A B AU A A (filter aid adsorbent) D K 9 ZRIEMER A 327 ¢ 7" ABUD A3 (depth filtration)
1%, B (color) . A (odor) . BEL U T U T )L B b F 22 (bacterial endotoxins) & B%HE (nucleic
acids) ZBRET D, TEMERIZ, AHEMEOWE. B ZITVRLR eat) . ABF (ood) . T (coconut) ,
(bone) , HESR Z1— 2 A (lignite coa) IZHIRT 2, TEMEIR OMGMIMEIE X, 205 0 O LA R > T
B0, ZOFLIE, EAROB 2L 2 R o & bl U< B KR NFEMED BN HfE (vast internal
effective surface area) ZFFD, WD TWAEMEDEHWHMENH O HILTWD, L DIEMEKRD A
WA — M, 2R, EIEEO X O 2L FERLERIC Lo T ks b, = R h¥ov
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DI (4~5 log reduction) | BIRUMLOLFFE L RWEOIRIICHENT, FFICKERAE
B EEE S T DICH D B, EERIT. ZOEFITE WSO OIZ, Z OIEREA) 720
EMICL T o7 ot A nBLO0Z—7 >y My FaRELTLE 9, ZO®mWIEDREE
X ¥ /32T A (loading capacity) & JRUNFERFE (adsorptive attributes) 1L, WEHERIZ K BT 4 T ABLA
W% PERDND D AWITHER 7 IV 7 ARBEDIEVER DRI &\ 5 JFEEITKR T 2 ) 72O F Bt &
LTW%, £DO—J T, MK (etfluent) ORI RIEVERKL T OFREICK 2T 2T IER 5
720N,

2.6 Membrane Adsorbers  (# > 7 7 LRI EH)

When the target protein in the solution is in the same molecular weight range
as that of the endotoxins (10-20 kDa for endotoxin monomers), the target
proteins cannot be separated by UF. lon exchange chromatography is the most
common depyrogenation method for proteins; however, it has some drawbacks,
which limit its usefulness as a depyrogenation step. This includes handling
and usage problems such as packing, channeling, low flow rates, long

regeneration times, compressibility, and limited chemical stability.

WEFPOE—7 >y FeTHREAREN, = R R Uy FafiH (= FhFv - E
> — (endotoxin monomers) (Zxf L CI& 10-20 kDa) IZH DHEITIT, DX —F > MeT D72
A% UF IZX 0BT 2 2 Lixtiken, ZARBEICEL A AR a~v b 777 4
(ion exchange chromatography) 23 & —fRMIZ2L XA B HETH D, ; LovLans, Zudfif
ABRDAT v 7L LTOZOHAMICHIRZMZ 2 X972 200N 5, Z OEERIZIE,
WD XD BN EHEHOMBERH D, 73y F 2 7 (packing), F¥ F Y 27 (channeling) . il
TR (low flow rates), FFAERFM D EFFFEIE (ong regeneration times), JEMEME (compressibility) 38K TN
ZEMEDIK T (limited chemical stability),

Charge—modified membrane adsorbers with ion exchange ligands functionalized
on the membrane surface can provide the required performance needed for
depyrogenation from the laboratory up to process scale. Generally, two
strategies can be used for removal of endotoxin from solutions with such
membrane adsorber devices. Using the strong basic anion exchanger of quaternary
amine (Q) type in a buffer with pH lower than the pl of the protein, endotoxin
will bind to the charged membrane substrate, and protein will pass through the
membrane (negative chromatography). Alternatively, a strong acidic ion
exchanger type S also can be used with a buffer pH lower than the pl of the

protein. In this case, the endotoxin will pass through, and the protein will
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be bound to the charged membrane substrate, which can be subsequently eluted

using appropriate buffers in the next step.

AT T URENHERRIL UToA A ZHY T R (ligands : Befiik) ZFFOMELIEA T T W&
FNZ, 7 AROBED S 7 at AR E TOPANA 2B 2Rt 2 Z kD, —ik
IS, ZEDEIIRA T T O PAERIEG T, RN DO R R zBRET LT3, 2250
MG A5 2 ik D,

O 7ZABHED pI (FHER) XV IRV pH Z R OREEE H O UK T X 2 (Q) OisE EERE A A4
> ZZHAA (strong basic anion exchanger) 2 3% & | 1yFk#VViﬁ%thy77ygE
B FEETHDOT, FAABA FDOA LTI ICBBIESLZ ENHED (negative
chromatography) ;

@ 95—, WEEMEA A > K (strong acidic ion exchanger) type S & . TZAHBE® pl (&%
m)ib%ﬁwﬁﬁﬁ@pﬂf%ﬁﬁﬁé EMHRD, Z0%A . = R R v dum L,

AWEBIIRE LA 7 T VB RICHEET 5, ZO/MEG LA HEIR. ROBRECiE
@ﬁ%@m%ﬁﬁbfxﬁﬁéﬁéltﬁm%éo

Such membrane adsorbers have been used as validated endotoxin clearance steps
in downstream processing of monoclonal antibody (mAb) or recombinant protein
manufacturing. Typical log reduction values (LRVs) reported are >4 (12) based

on lab scale testing.

FDOEIBRALT T UWERNL, £/ 7 2 F —/LHUAK (monoclonal antibody ; mAb) & 25 U ME, HHA
Z 72 A FAVE (recombinant protein) 0D H3E 0 T E M T2 (downstream processing) CHOTL K hF v« 7
TILAR ATy T HNYTF— NTHOIEHINTWD, RFEAZRXHIFME (log reduction
values ; LRVS) X, TRAZ —/LORBRICIESE >4 (akm GBS TW5D Lk 12),

Another solution is to use mixed—mode membrane adsorbers exhibiting both
anionic and hydrophobic chemistries. Endotoxins (hydrophobic and negatively
charged) tightly bind onto the membrane surfaces. By adjusting the
concentration of salt or pH appropriately, proteins flow through the mixed—mode
membrane adsorber by charge repulsion, while endotoxins remain bound.
Mixed—-mode membrane adsorbers allow the depyrogenation of protein solution or
buffers with higher concentrations of salt (e.g., 100-500 mM) than with the
Q adsorber. Such membrane adsorbers have been used as validated endotoxin
clearance steps in downstream processing of mAb or recombinant protein
manufacturing. Typical LRVs reported are in the 3-4 range based on lab scale

testing.
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T OMDEHRITIL, BEA A 2 (anionic) 38 J B (hydrophobic) D] 7 DALF A ZEE) 2 R IR A
XD A T T W FEH (mixed-mode membrane adsorbers) MEH S5, T2 K b v (BUkMETH
D, VAT RMELTND) 1, A7 T VEBICREGT 5, HIRERS XU pH 28I
TS5 Z LT, T2 A BB (charge repulsion) IC X D | IREFERD X 7T VRERIDG
WAV D2, =2 R R I3RS LICRB TR D, IRGHED A 7 7 VIRAEANT, Q WA #l
TEO LEWHERE (Fl 21X, 100~500 mM) T, 72A HEREKRE 72135 ER OBl S A 7 23 A §E
ThbH, TDOEIRALT T UWERNL, mAb (£ 2 v F—4fk ; monoclonal antibody) = 77 (FkH A4
Z 77 APV (recombinant protein) OBLED FiRMMO = R XLy « 27U T T A5 RNY F— 4
DD SN TND, MESNTWHREZR LRVs 1%, TR A7 — /L O BRICHES T, 3
~4 DHFHTH D,

3. VALIDATION (XRUF— 3V)

See Depyrogenation (1228) for a comprehensive discussion of depyrogenation

process validation and the use of endotoxin standards.

ks e ot 20N F—2 g Bz R M 8RO HIZE L ORI 3
IZ. Depyrogenation (i XA v~ utR) (1228) 2ZHDZ &,
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