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Abstract

Background: Monoclonal antibodies (mAbs) are biopharmaceuticals used as targeted therapies for
immune-related diseases. These large protein molecules, produced through biotechnological
processes, possess structural complexity and require stringent manufacturing controls. Variability
in production or storage can lead to molecular heterogeneity and charge variants, which may affect
critical product attributes such as stability, biological activity, and immunogenicity. Therefore, charge
variant analysis is an essential step in quality assurance. Although ion-exchange chromatography
(IEC), particularly using pH-gradient separation, is commonly employed for this purpose, it has not
yet been established as a compendial standard method, and supporting data remain limited.
Consequently, method development and validation are required to ensure effective quality control
of mAbs, enabling broader application to various antibodies with different isoelectric points (pl).

Objectives: This study aimed to develop a charge variant analysis method using ion-exchange
chromatography (IEX) for monoclonal antibodies (mAbs) with an isoelectric points (pl) ranging from
7.3 to 9.4. This study further aimed to validate the method according to international standards to
ensure its suitability for the routine quality control of monoclonal antibodies marketed domestically.

Methods: This experimental study, conducted from October 2024 to July 2025, aimed to optimize

and validate an analytical method for the charge variant profiling of seven monoclonal antibodies
(mAbs)—including Omalizumab, Infliximab, Atezolizumab, Adalimumab, Pertuzumab, Trastuzumab,
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and Rituximab—with pl ranging from 7.3 to 9.4. Utilizing ion-exchange chromatography, the method
development focused on achieving optimal separation conditions, followed by a rigorous validation
process in accordance with regulatory standards. The method was evaluated based on critical
parameters, including specificity, precision, accuracy, linearity, limit of detection (LOD), limit of
quantitation (LOQ), and robustness, to ensure its suitability for the quality control of commercially
available monoclonal antibodies in the domestic market.

Results: The developed method successfully characterized charge variants of mAbs with pl ranging
from 7.3 to 9.4. It demonstrated high specificity and precision, with intra- and inter-day % RSD
values below 5 % and no significant differences observed across instruments or analysts. Linearity
was confirmed within the concentration range of 0.50-8.00 meg/ml, with accuracy between 90-110 %.
The limits of quantitation was 1.00 mg/ml, while the limits of detection were 0.30 mg/ml, respectively.
The method also proved robust under variations in column temperature and mobile phase stability
for up to 7 days.

Conclusions: The ion-exchange chromatography method demonstrated specificity, accuracy,
precision, linearity, and robustness, and was applicable for charge variant analysis of diverse
mAbs with pl ranging from 7.3 to 9.4. This validated method is suitable as a standard procedure
for quality control and regulatory submission of monoclonal antibody products in Thailand

Keywords: monoclonal antibody, charge variants, critical quality attribute, ion-exchange
chromatography, isoelectric point

UNANED

AanuaAgy: lululpaueauaufued (monoclonal Antibodies: mAbs) uenguTundysiaeildsnu
wuusjadh (targeted therapy) TulsafiiAsafuszuugiduiunaslsauzisa Tnssaadulusivanalng)
wanfhemaluladiinmdsinnududeulazmuauminanegnadinn anlamitauslunssuiunisian
viemsiiuinmanunsaneliAnanuvanvanevedluianalusiulaz sz (charge variants) Sedsnanszny
soRnudnuurddyosndnde THun arunwh mssengrivnadinim uazauanansolunisnsedu
ifufuresinny dxdu N5 charge variants Sududsddlunisussiuguam Jagiuldss
lon-Exchange Chromatography (IEC) ldanniswenusgqlusiuniue pH (pH-gradient) wisemnuidudu
vosnsazaneindeluasazaneilaindoudl Gagninanliinly wdlsifimstmunduisinesgulusiiseana
waziidoyaatuayuetiedide JedanudndudesinuiiBuaznsnasunugnieaieluldaiun
AMNWKANUT mAbs uazthunUszandldiu mAbs vansuiinidaleledianviin (isoelectric point: pl)
fumnenafuognsdiuszansam

QUszasA: Wowu1I5UATI8 charge variants lnawmatdalasuilnnsiuuuianidoulsey Tululy
lAaueauaUAUBATIIA pl 93¢ 7.3-9.4 warnT1vaeuANgneseItiie i snlaluldluiesu juRinng
iemuauamnnlululnaueakeuivefnisvnglulszme

Fn9Ade: Wunsfinwidmaaesserinafeunanau 2567 Gsnsngneu 2568 lasfnwmnannefivnza
Tunsimseiuseaen (charge variants) Tw mAbs 7 wila loud elesndguuy e18undduuy snesiiledguiy
E10YAMAYUNU HUNBTYYULY B MIIEYYULU Uaze13NBULU 7Tl pl (isoelectric point) Tutae 7.3-9.4
WauISuarasivaeuANNgnAssveislinTeilumilwedaneg laun annudme AATiBd A
AU luEURss IndindeUsunaunazInidnlunsnsiany warAUAMUYBIID
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NaN1sANEN: WUI1ITaL03IZ9 charge variants 489 mAbs fislen pl uansaduluyas 7.3-9.4
s umnzuazarndiedia i % RSD vesmsvhenluuRefusarineiiliiu 5 uayldfimusig
agaiidfdendsuedasiouariiniinsest Sanududunsdlugag 0.50 1 8.00 me/ml fiFAnuuy
ag/luY39 90-110 % ward¥adrinvesnsimdaUsunala 1.00 mg/ml uaziindinvein1snsiany
0.30 mg/ml FBimuamuiliedsunlasgangivesmedutiuazszoznatlumsiivinwaisazaioa
wdeuiiAuldu 7 Su

ayuwa: hnzilasuninnsiluuukanileulszy danudume anuuwiuiazauiienss [Wuduns
AADATIINITIATIEN wagdinumany @unsaudaunlglunisiiasigyt charge variants ¥09 mAbs 16
wannuanedafiden pl Tutas 7.3-9.4 wnzaudmiulfduitnsgulunsamuguanninwazszneunis

Yungiloudmuig mAbs Tuusyna

[

AdnAny: lululaaueanaudven Usequede dnvaenienunnidfy lasuiivnsfluuuwandey

v

Useq leleBianvsn

UNUI

glululAaueakauiued (Monoclonal
Antibodies: mAbs) {lulnalalusiudifirududon
(heterogeneous glycoprotein) Iﬂiﬂﬁ%ﬂdﬁ%mﬂmﬁl
Wudylulnaydud (immunoglobulin G) feguuuy
murine, chimeric, humanized kag human
antibodies? uaguusaanily 4 vila lauA IgG1,
19G2, 19G3 wae 1G4 Feldreuazdlu (amino acid
sequence) wagiusyladalng (disulfide bone)
Fumnenaiu® dewasienalnniseangrdvesen
(mechanism of action) LU NEAUNTINMUYDN
Fc mediated effector function (Antibody-
Dependent Cell-Mediated Cytotoxicity: ADCC,
Antibody-Dependent Cellular Phagocytosis
(ADCP) wag Complement-Dependent Cytotoxicity
(CDO) wonvnitiinalnlun1sdudantsdedaa
nszfumnaiydivlnveaiesen dudinisathg
aondenlal nszfumnevensadifosniuy
apoptosis kA¥NINTEAUMIINUVBATAG)TANTY
\usiu mAbs ¥ila 1661 gnihantdlumandunssy
BENUNIVIAY WU B1leAYUNY (omalizumab)®
#1BUNFBUNU (infliximab)® ereziiladguuy
(atezolizumab) g1@gAAYLLU (adalimumab)
gUNBIYYUWUU (pertuzumab) emMT1EYYUUY
(trastuzumab) Waren3yFuIU (rituximab) {Wusiu

drulvglisnulsaiiferdostussuuniiduiu
nszuaunsonaulueieazeneg warlsaugisel?
VUil 19G3 wumﬂ%ﬂaaLﬁaqmﬂﬁm’]mﬁmg_jﬂm
nsnszAuUiTegiauii (immunogenicity)
Tugae?

Ua3Uu mAbs nanTulneldinalulad
ﬁuﬁﬁmmiu (recombinant DNA technology)
Tmaﬁwaéé’mﬂ?ﬁumqﬂﬁwum (mammalian cell line)
meldannemsmnzidoagadiivanay nszuu
nsudndnnududounazindudedinmsaunu
sthaduneluynduney fudduusznoues
oMTABLad WU I indous tma saus
audunsn-anauareealuadiivioglussdud
wngan’ nsdmdenlaauiifiadiosnin (stable
clone) siomInAnaNsoangnENIsTInIw Faud
nsenLgaa (isolation and centrifugation)
miﬁﬂﬁﬁqwé (purification process) Ingl4inailn
Tasulnnsiiivanevdelunsidndsuudouuar
Forelsn wanifivshvmansasluannefivnyas
MNNMIAIUANNTEUINNSHARLIR 019neliifin
anuuanenswediasElusiukas mMsUdsuulas
95U52q (charge variants) $uilasnainnisdautas
naen1suasva (post-translational modifications)
saufsnsidendans (degradations) ¥en13daLUas
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(modifications) asiuagiilureslusiu (protein
sequence) LU N13:AA C-terminal lysine clipping
Viﬁwiﬁﬁmayﬁuﬁ‘ﬁﬁ@mauﬁaLﬂuﬂizﬁ;mﬂ (basic
variants) i?M%ﬂﬂ’ﬁLﬁﬂ deamidation, glycation
warn3Lin sialic acid voslnauAuwin N-linked
wae O-linked uuluanavedlusiuviliAneyius
fiflnauastAduuszeau (acidic variants) Ssawma
nsgnuUsioRanvrd1AYYede (critical quality
attribute) ﬁ&aﬂﬁaaﬂqw%{ma%amw AUALNTE
Tunsnszduiiduiu wazauAiavagen > 1
Inglunsimsizionansal (molecular identity)
warlnseadng (structural integrity) saumednuase
charge variants Fudusdnuazanzves mAbs
wlaziln

#13518170¢l5U fie European Pharma-
copoeia (Ph.Eur) kugihlildidn1sineiegetiey
2 wedaedudununiw Afexldldun peptide
mapping, isoelectric focusing, ion- exchange
chromatography, hydrophobic interaction
chromatosgraphy, oligosaccharide mapping,
monosaccharide content kag mass spectrometry®
wadieildfuunivanglunsinszi charee variants
Iun walaan3leledidnninlniada (capillary
Isoelectric Focusing: clEF) d@msulauwenlusiuniu
anleleBidnyian (isoelectric point: pl) Farviun
Burwsgiulu Ph. Eur® waglasuninnsfluuy
LLaﬂLﬂgﬁlu‘Uizﬂ (lon-Exchange Chromatography:
IEC) anansoduunduviaanudoulszqay
(Anion-Exchange Chromatography: AEX) @115
NNTIATIZIY charge variants 989 mAbs e pl
#nin 6 LLﬁz‘UﬁﬂLLaﬂLﬂgﬁJuUisﬂqU’m (Cation-
Exchange Chromatography: CEX) l3las1z# mAbs
AN pl gandn 8 eeslsfinnaiBasnandalaild
dvuatiiBssynlusnenanawaziideyadiin
U290u mAbs dilwefiien pl 1nnan 6 dels CEX
Tunsiesnzet Inevilunisuen charge variants
A8 AEX ay CEX 91dpaaandnnisanagy Lawn
nsUsumudidureandedadunaiiadaiuifly
DENLUNTNABLAZIANMUTUNIZHD MADS Usiazin

Tosgvgnauulunsusvannglmmungandniu
nsuenusazyia wazn1susuanudunsa-ang
(pH-gradient) luansazanewlaindouiize? Jaqdu
fldsenarsatuiinauisiesmeisenisusu
pH-gradient &sfideffiddayfonsiiuussansnin
Tun1suen NsanTEEEIaINITIATIEI LagAI1W
ansatunsuenyUseqlaeldannefeaiudmsu
mAbs #iflAn pl umneneuto s fafy vudded
FWAIUNIDAATIZY charge variants Ua981luly
Traueaweufvediide pl Tutae 7.3-9.4 Tne3s
TnsulnnsibuukaniUasulseq WouInTI9EeY
AYINONABITBIIDUATILANULLIN ICH Q2(R2)
Wietudupnuminsausazanuudedevedis
ansniluUssgndluriesufURnsaudaing
dMTUAIUANALNINYT MADS fismngluusyna
Tgaeldsuendifiganm Uszansnw wagaiy
Uaonsegaan
IngUIzeA
1. WAIUIDAATIEI charge variants 1ng
mﬂﬁﬂimmiwmﬁlLLUULLamUﬁ'&JuUSxQ Tulalu
Tnaueakeufivefiide pl 923 7.3-9.4
2. avadeurldliveds e il
WHluviesuftinsileruauauamlylulaauea
weufiveniismviglulsene
521U8UI57Y
3’/
unsAnewBaneans (experimental
research) S¥nINUFOURAAIAL 2567 DeNTNYIAY
2568 Tnenwmanzfiuuanlunisinszi
charge variants Tu mAbs 7 afiafifien pl Tugas
7.3-9.4 Aipsrgiuseansnnlunisien charge
variants 91NAANNEENTAIUATSLEN (resolution: Rs)
$1714 acidic peaks Wag main peak mﬁam
number of the theoretical plates (N)*° N
psrvaeumultlaveislunsiiasgimemadla
TasnnsfiLuuuaniudeudsey (EQ)
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NENADEN4

fheghe mAbs Tadeaniunsming
VDIUTENENER 917U 7 vl L eloundyuay
#1BUNFTUNY g9 ledYuIU 810¥A1ELLIY
YUNDTYYUUU YINTIAYYUUU Uaze13YTULUY
Afien pl lugae 7.3-9.4 Taedin1suen mAbs gl
A pl wladu 3 928 Tunseseaeuusazines
Tuueg ey 1 ML UALENININTEIUYBY MmAbs
(in-house reference standard) W 7 ¥ln Uszneudae

1. 934 pl 7.3-7.6 Ao e losndguay Yun
75 mg/0.50 ml (pl 7.3)' wagedUNFTLUU YUI9
120 mg/ml (pl 7.6)*

2.9 pl 8.6-8.9 Ao enozlEAYULY YU
1,200 mg/20 ml (pl 8.6)° LAZE1DLAAYLIU YUA
40 mg/0.80 ml (pl 8.9)"°

3. 934 pl 9.0-9.4 fip HUNDTYLULU VU
420 mg/14 ml (pl 9.0)° &IMNIIAYYUUU VU
440 mg/20 ml (pl 9.1 UazyIIYTUUU VWA
100 mg/10 ml (pl 9.4)"°
\n3nefiouazansiad

1. 1594 HPLC Shimadzu i;u Prominence
war3u Fully Automatic SunsIIRETSHUY
Ialonezise (Photo Diode Array: PDA) WASIEKA
paelUsinsu LabSolutions meduiivdia lon
Exchange ProPacTMWCX-10 Analytical column
(Thermo fisher scientific) (4x250 mm 2ua 10 um)
\A3D9%a 2 Fumile way 5 funus p3esiinge
lovou (pH meter) wazuHunsasluaauwun 0.20 um

2.5 wlia HPLC grade Wavansiall AR grade
(Sigma-Aldrich) oA Cx-1 pH gradient buffer A,
pH 5.6, Cat No. 303274, Thermo Fisher Scientific,
CX-1 pH gradient buffer B, pH 10.2, Cat No. 303275,
Thermo Fisher Scientific, disodium hydrogen
phosphate CAS. No. 7558-79-4, sodium dihydrogen
phosphate monohydrate CAS No. 10049-21-5,
sodium chloride CAS No.7647-14-5, sodium
hydroxide CAS No.1310-73-2 wag MES (2-(N-
Morpholino) ethanesulfonic acid, 4-Morpho
lineethanesulfonic acid) CAS No. 4432-31-9

anzildlunsiaundsiieszvi Charge variants
TaglasunTnnsluuunanidsuyssy (EC)

Anwanedimunzanlunisdasiz
FogalAeNUNIUITIANNTIH wagUsulmmnyau
fuia3esilo gunsal Aoduiiuila lon Exchange
ProPac™WCX-10 Analytical column (Thermo
fisher scientific) (4x250 mm VU 10 um) wag
wilnuas mAbs Taeldudnnisuen charge variants
275 loun

A) N15UTUAMULTNTUVDINED (salt
concentration) Tu 2 @n17g Ao 1) phosphate
buffer: wiandeudl A fia 20 mM sodium phosphate,
pH 6.2 uaziawndoudi B fio 20 mM sodium
phosphate, pH 6.2, 300 mM NaCl naildias1e
sion5anans 1 A% 40 wnit Tagld gradient elution
Tunsuenans Buamnuawndoud A 90% waz B 10 %
wazanaududuveaandoud A 1u 50 %
el 30 Wil waziivarududuresviandoud A
vHu 90 % Tu 40 w17 dwsinnslvia 1.00 mU/min
gaungiinadind 30°C Usinunsdnansiun1siingey
10 pl wazruemaduildlunsesinans 280 nm
way 2) MES buffer condition: iawndewdi A e
20 mM MES solution containing 60 mM NaCl,
pH 5.6 lae B B 20 mM MES solution containing
500 mM NaCl, pH 5.6 NM53lAT1ERRaN1SAnaT
1 a¥s Wi 40 Wil Tagld gradient elution
Tunsuenans Suanuaedenud A 85% uas B 15%
wazanaudutuveunandeuil A B 55 %
melu 30 Wil wasiiueududuveaaindeud A
\Ju 85 % Tu 40 w1l swsanslua 1.00 mi/min
gaumgiinedu 30°C Usinaunsinanslun1siesied
5 pl wazanuenpauildlunasTaasii 280 nm
uaz B) msusuarnudunsa-ang (pH-gradient)
T 2 @n"w e phosphate buffer: tawndoud A
f® 20 mM phosphate buffer, pH 7.3 uag B fo
20 mM phosphate buffer, pH 8.7 N1531AT 12360
Msanans 1 A% wihiu 57 widt Tneld eradient
elution Tunsuenans Buanniawndeud A 100 %
wae B 0 % wazifiurnududuresvandoud B
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W 100 % Tu 57 wdl ensnislya 0.80 mUmin
gaungiineduy 30°C Ysnamsaaanslumsiasei
10 pl wazauemaauildlunisnsaaTaansii 280 nm
ey CX-1 pH gradient buffer: iaipdewdi A fie
(10X) CX-1 pH gradient buffer A, pH 5.6 waz B
A (10X) CX-1 pH gradient buffer B, pH 10.2
MTIATIzRen1sanas 1 A Wity 40 wndl
Tneld gradient elution Tun1suenans Buain
wadeudi A 90 % waz B 10 % uavanAuTLTy
youmandouil A 18 50 % nelu 30 T way
dinanududuveanaadoui A W 90 % Tu
40 Wil n51n1sva 1.00 mUmin aaungiinedud
30°C USueunisananslunisitasizd 5 pl uag
aueaauildlunisasntaasi 280 nm

Funausfiunis

1. WISHURAIDEIMATAITUINTFIU MADS
W1 7 ¥iln Tneiieareiaen HPLC erade Tl
gy 5.00 mg/ml udthlunsosmeununsasluasu
WA 0.20 um MSUNITIATIER LAENITATIVEDU
AUNTDUVDITZUU (system suitability)

2. 9519F0UANUNTDNVDITLUUN DU
Anserinnads lagiasesiansnsguese mAbs
e 7 90 $1uru 3 6 Tawikaiilden R, seurhs
acidic peaks way main peak fotlitpanii 1.00
WazAN %peak area VB3 main peak fvsilASosay
drudaiuunasgiudinivg (% Relative Standard
Deviation: % RSD) l4itfiu 2.00 waz % peak area
294 acidic peaks Waz basic peaks #A1 % RSD
lailAu 5.00

3. ATIAADUAIUYNADIVOITIUATIEN
(method validation)

3.1 ANUTUNIZVBIID (specificity)
Tae3As12AI9819 @15uIM551U formulation
buffer w83 mAbs 1 7 ¥ila blank uazsfee
mAbs a7 ¥iln ﬁﬂﬁumiﬁuﬁqmmﬁ 60°C WU
1 %QIMQ (stress condition) NAN1TALATIERATT
wnaspukariegeilddodinalulufimmadeatu
Ao chromatographic profile Adepasiulnglaidl

nssumuvesansiulusiesns wazluanme stress
wudnwarlasununsuiiwanssllanannisuni

3.2 anaiies (precision) TnediAs eyt
glaINAYUNY YU 75 mg/0.50 ml agTludyuay
YA 1200 mg/20 ml WALIYTUNU Yun 100 mg/
10 ml 1w 6 1 ey (repeatability)
wasinetu S1uau 3 1 3 Su TnetnAesed 2 au
wardsweses HPLC Aldlunsieses (inter-
mediate precision) A3t % RSD vaA iy %
peak area U84 acidic peaks Wag basic peaks
Taiifiu 5.00 wag main peak iy 2.00 wagiasgs
wasnau Tngldadf one-way ANOVA ileiUdsuy
wwee HPLC Aldlunmsiiesziuaziinine 2 au
1%a6i# independent-sample t-test

3.3. ALY (accuracy) launis spike
ansunguleNNAYUNY ariTlafiyuiy LagSyBusy
AMULNTU 3.00, 5.00 ag 8.00 mg/ml aslu
formulation buffer 209 mAbs waazadn 1ATILH
sesuaududua 3 41 AunnAfesazaes
SNEUAY (% recovery) Tnerniilddesaglutag
90.00-110.00

3.4 Y1AVOINITATIAINU (Limit of
Detection: LOD) Lazlnidnfinuasnisineausun
(Limit of Quantitation: LOQ) 13831981loundeuIy
oriildguay uagdyduuy uddmduedos HPLC
TagAn LOD femnududuvasansiilvirdayaio
siodeyey1a43unIUY (Signal-to-noise ratio: S/N)
Wi 3:1 way LOQ Aervududuvesansiilien
S/N whifu 10:1 uazaniihmsinsizimnudies
(precision) wazAINNABA (accuracy) WieBudu
A1 LOQ

3.5 Anadudunss (linearity) vo9
a5UnTEUleMNAYUIU BYTIATILIY UarSyTuay
AIULTNTY 0.50, 1.00, 3.00, 5.00, 8.00 mg/ml
$1u 3 91 theadasesiiildnasansminnsgu
szrinsmnududures mAbs fainawazaady
‘ﬁyuﬁ‘um acidic peaks, main peak Wag basic
peaks nsiiladosidduussansnissnaula
(coefficient of determination: R?) fiailnalAes 1

50 THAI FOOD AND DRUG JOURNAL Vol. 33 No. 3: September - December 2026



Ve syansanduius (correlation coefficient: 1)
> 0.999'¢
3.6 AUAINUYDITS (robustness)

aduilenadmareusyansnmuazaugnioes
Wieziveanatalasulvnnsdany ICH Q2(R2)
guideline’* laun aaumnilun1sinaeyt viinuay
Bforasnadinl TIT A IUANANITE NI UNTHER
(lot number) s89pdUY AATUNTA-A1IYDS
ansavanenaeuil uarsnsinsiva sedilunns
m*maawmugﬂéfmﬂuaﬁ%'imeﬁ‘f}u MMTAATIEN
81loaAYuNY e1oIlgAgUIY Waze13YTULY
Lﬁ'amﬁ'&muﬂammmﬁmamaé’uﬁ 370 30°C Ay
anmzidenty Wlu 25 uaz 35°C uazsuulag
sveznaumsAvinwandoud A uay B 910
wisaudliviud wasudwiuldug 7 uwee 14 Tu
waslUSauNanITiasziAaie % peak area
yaeiuil main peak laglwatif one way-ANOVA
nsAATIEvidaya

1. Ainsgvienfesardiuidsauunnsgiu
duins (% RSD) ldgns

% RSD = =2 X 100
SD = dhudssuummsg
X = ma?{waasﬁagaﬁy’mm

2. AASILHAS DUATVDINISNAUAY

(% recovery) Isffqm
(C1-C2)
% recovery = —— x 100
o C1 Ao Anuiduduvesanslu formulation
buffer Anlsvdaanifnasinasgiulomaguuy
avlefyuuy LaysnTuuy
C2 fis Anuinduresanslu formulation
buffer AlilsiAnasnnsgiuloundguan exiiled
YUNU UATIYTULIY
C3 fio ANULTUTRIESHIN I IUTeNNE
Uy o TlvAguIy LaTSYIUNY s IuA

NANIIANE
anefimanzandmiun1siased charge
variants Ing35lasunTnniluuuuaniudeulseq
(IEC)

NanNSANIANIETIvITAL WU @y
73msnz9iee CX-1 pH gradient buffer feh R.
i‘”‘mN acidic peaks Wag main peak 41NN 1. O
5301 N 11n91 8,000 WaAeIn @nnazi
fusgansnnlunisuen charge variants Tu mAbs
il pl 7.3-9.4 Faw519 1

A15199 1 wan1sAnwIANEAImLzaNlunITIATIZ charge variants Tu mAbs 73l pl 7.3-9.4

Salt concentration

pH gradients

dnnazdidnen Phosphate buffer MES buffer Phosphate buffer'? CX-1 pH gradient
buffer

wsfiwmes/ Rs N Rs Rs N Rs N

f19819 mAbs (n=6) (n=6) (n=6) 6) (n=6) (n=6) (n=6) (n=6)
IGHGRLAY 089 261733 * * * 1.43 8,355.00
YIDUNATILNY 0.72 7,099.67 N N N 1.18 12,738.33
aﬁasmﬁﬁﬁuuu 0.34 5577.67 * * * 1.48 24,357.33
EJ’]E]WY]%@LL&J‘U 0.35 39,260.33 * 1.49 19,034.67 1.11 102,014.00
EJ’]LWE]%K]@LL&JU 0.75 19,471.33 0.24 5,661.00 252 6,007.00 1.56 70,449.33
YININFYYUUY 2.27 16,546.33 1.73 10,387.00 4.51 4,566.33 3.57 40,829.00
9139 Uy 0.68 2691533 023 3,693.67 1.43 19,243.00 1.38 38,341.67
InaiN1SEaNIU 21 28000 21 28000 21 >8000 21 >8000

* yyngde lalanunsauendieg1s mAbs e
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A5LAT1ZH System Suitability

Na’JLﬂﬁﬂ“’w system swtabltlty UVBIANT
UIMIZIU MADs W 7 wdia $7uau 3 §71 nud
Lﬂulﬂmmmw/lmmuﬂimam Rs 591774 acidic

A151971 2 HANITIATIEH System Suitability

peaks Wag main peak #A1L1ANIT 1.00 wag
ALadE % peak area Y89 main peak Jf1 % RSD
T3ilAu 2.00 wag %RSD Uo4 acidic peaks Lay
basic peaks hiAu 5.00 Fwandlunisnad 2

% RSD (n=3) Y84 % peak area

Rs W@y5211119 acidic peaks waz

#75UIM351U MADbs Acidic peaks Main peak Basic peaks main peak (n=3)
gnloandguuy 3.20 0.9 4.54 1.23
gnounaBuLY 036 0.70 0.47 1.02
gnaziilgdguuy 4.07 1.04 2.24 1.43
RLELRGHIEN 0.96 0.60 2.84 1.01
gUNDTY YUY 1.68 0.27 1.99 1.53
YWY YUNY 1.80 0.85 0.72 2.95
8139 TULIY 3.66 0.80 2.94 1.05

inaueifinvue <5.00 <2.00 <5.00 21.00
NAN1IATIAFIUAIUYNABIVRIIT —

AT UNIZLNZAN (Specificity) AATIzn
F9ENg #1311m357U formulation buffer Y83 mAbs
W1 7 %ila uaz blank udUSeudisulasununsy
ile wuthd chromatographic profile AdaAAITY
S haRIeE AL A TINATEINYEY mADs YintuA
Taglsifinmssumuvesansdulusiedna ldusing
peak Tu formulation buffer way blank ﬁ\‘igﬂﬁ 1
wawf1083 mAbs 113 7 olia lunw stress Ung
Fnvaglasuinunsufiuandaluanlasulnunsy
Un# é’f&g‘uﬁ 2

AMuLTiEe (Precision) Nan153As e
g1l AYUUU 818TlUAYUNY WATEITNTULY
$1uu 6 91 Meluuieatu (repeatability) waz
Sirsrzaineu S1uau 3 81 3 Ju TnednTnsed
2 au wavdsueses HPLC Aldlunmsinsen
(intermediate precision) Wu31 % RSD Ta3AaaY
% peak area U84 acidic peaks Lag basic peaks
T31Au 5.00 wag main peak lutAu 2.00 way
Wisuilsuransiasganeiu 19atf one-way
ANOVA iasua3es HPLC wazindinsiev 14ad
independent-sample T-Test wu11 LA
wansefueealituddunisednfiseiuanudesiy
95 % Fan13197 3

Acidic peaks Basic peaks

\A“V I
anasgilaanaguary _— ‘

| wlowdgen )

= L S
Formulation buffer yasenlaandguay {\‘
BRI IUBUNARIAIY ,J/J \ LA

| odwidduan NN

Formulation buffer vasenBunaguay

| asumsgussilledguuy J/_/\) ﬂl‘\k\\/\ - I -

|\
 wesilleguuy . . N

o~
Formulation buffer yasenasiiledguay
[
ATUMIFIUETMAYUIY M
= o= o Al
CUoE MG o
Formulation buffer vastnasmayiy i
\
_swespuwedygen ’/ P, .
. A
| euwesnguay ——— S N—
Formulation buffer vagninafyguiu r\
ATUMIFIUNTIEGUY N i \\/\\.\4.
| omsemguay N “C L L
S i
70
buffer vasomNayyuIv L
bt JI
504 ) MsuAsguinduay 7 , .
40 .
) o duay N\
o AR = _ |

203 Formulation buffer vaagn3yduuu

Blank

T T T T T T
5 10 15 20 25 30 35 40
min

U 1 1ASUIVLNTUTYDIAITUINTFIU F081987
formulation buffer 98381 mAbs V19 7 ¥la way
blank
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| Main peak anad
1

me 016 ren

(A)

Acidic peaks afag |

‘ Basic peaks anad |

1

[ \

(@)

fl
i

Basic peaks 2R3

f

Acidic peaks 0AB4
3 =

Vo

—

= F g

‘

| —
| Basic peaks NN

Y

(E)

(F)

5U7 2 Tasunlnunsuvesiegnslunnzunfifiguiunnig stress: (A) eneeilladguiy (B) emaayguuy

(C) 10zAdyuay (D) e18uaTuNy (B) erinadyauay (F) e1lesndgusiu (G) ensyguuu

VEG: FUNUIY UFRINI1IxUNG UALTUAS UFRINIIY stress
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M13199 3 KAt laNndguuy eresflefguly wareSyBununinmeigiagluTusieiu
A9 AN IATITkaTANaAsesile HPLC Alglunisinsied

% peak area

RIGHRELTENT gnasiilgdguuy 813Uy

Parameters Acidic  Main Basic Acidic Main Basic Acidic Main Basic
peaks peak peaks peaks peak peaks peaks peak peaks

Repeatability Mean 8.80 79.72 11.49 8.16 78.26  13.57 1897 7892 211
N=6 9%RSD 3.26 0.36 0.86 2.66 0.54 2.07 1.18 0.22 2.98
Intermediate precision
1. Between- Mean 8.82 79.46 11.72 7.69 78.53 13.89 18.48  79.42  2.10
day 3 days
N =29 9%RSD 2.28 0.43 3.33 4.75 0.33 1.88 2.25 0.53 3.30
P value 0.09 0.31 0.14
2. Between-analyte
Analyte 1 Mean 8.82 79.46 11.72 7.69 78.53  13.89 18.48  79.42 210
N=9 9%RSD 2.28 0.43 3.33 4.75 0.33 1.88 2.25 0.53 3.30
Analyte 2 Mean 8.80 79.51 11.70 7.81 78.59  13.60 1822  79.75 2.02
N=9 9%RSD 1.32 0.17 1.62 2.35 0.38 1.54 3.02 0.68 2.14
P value 0.73 0.69 0.16
3. Between- HPLC
HPLC, Fully Mean 8.59 79.80 11.61 7.70 78.52 13.78 1879  79.21  2.00
Automatic
N=9 9%RSD 3.24 0.49 3.11 3.55 0.54 1.67 1.86 0.44 2.76
HPLC, Mean 8.82 79.47 11.72 7.71 78.76 1354 1848 79.42 210
Prominence
N =9 9%RSD 2.28 0.43 3.33 4.73 0.33 2.39 2.25 0.53 3.30
P value 0.07 0.17 0.28

AU (Accuracy) HaAATIEN Yrecovery UasenloINAYUIU enoeTiledguiy uaze3yTuwy
liagluga 90.00-110.00 Julumunamiidmun dwuandlunise 4

M13197 4 1 % recovery Tugnloandguuy eresillefguuu Laze3yduuy

g1loundguuu gresiilgdguuy 813N TUUY

Spiked  Spiked Spiked  Spiked  Spiked Spiked Spiked Spiked Spiked

ﬂ%ﬁ‘ﬁ 3.00 5.00 8.00 3.00 5.00 8.00 3.00 5.00 8.00
mg/ml mg/ml mg/ml mg/ml  mg/ml mg/ml mg/ml mg/ml mg/ml

1 103.06  105.68 100.98 102.79 101.94 102.18 97.56 98.08 103.67

2 102.56 104.61 99.31 102.75 100.78 102.05 98.26 100.38 101.10

3 102.72 104.54 99.61 102.80 100.02 101.74 96.23 99.34 100.90

Mean 102.78  104.94 99.97 102.78 100.91 101.99 97.35 99.26 101.89

Overall 102.56 101.89 99.50

Mean
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IAINNAVDINITATIANUY LAZIAING
Y2915 3IALBIUTUIU #9819 mADbs TR S/N
Indfies 3 wudn eleandguiuu Wiy 0.30 mg/ml
(S/N AU 3.68 lawdl % RSD wvAU 4.87)
gegflefguuy Wity 0.50 mg/ml (S/N winiu
4.08 lagil %RSD 11U 1.85) kage 3yTusy
WU 0.30 me/ml (S/N Wiy 3.18 Taed % RSD
Wiy 2.44) anududuiiliian S/N TndlAes 10
U1 g1leunaguuy dan LOQ fadudu
0.50 mg/ml T9A1 S/N winfu 15.63 nsuseiiiu
mmﬁmﬁisﬁu LOQ MNNITNAGDUINUIU 6 65’1
AeluTuieatu wuInAn % RSD vaeA LA
% peak area U84 acidic peaks, main peak Lag
basic peaks WU 1.14, 0.80 Way 4.64 AILEIAU
ﬁnﬁlmiﬂﬁzLﬁummgﬂéfamamm % recovery
Wiy 102 % dmiuegneziiledguuu wue1 LOQ
Fiaudutiu 1.00 me/mt e S/N wirifu 16.08
HANTIATIERAMUTEBIAN LOQ $1UI 6 9
melutudieatu wue % RSD veariade % peak

2400000.00

2100000.00

ug 1800000.00
I )
-‘-s. 1500000.00 .
5
wg 1200000.00
TE y = 292101x + 12579
£ 900000.00 o
i R? = 0.9999
600000.00
300000.00 e e
0.00 P
0 5 . . .

Arududuvssssunasgiu omalizumab (mg/mb)

@ Acidic peaks ® Main peak Basic peak

---- Linear (Acidic peaks) - Linear (Main peak)

(A)

Linear (Basic peak)

area ¥4 acidic peaks, main peak Lag basic peaks
Wiy 1.24, 0.47 waz 2.70 suanau tnedlen %
recovery WU 102.33 % &@1Ug13YTUNY WUAT
LOQ fimuidudu 0.50 me/ml Tien S/N wiiiu
1.85 nansUsziiuaufioseasdn LOQ $1uau
6 raneluTuiientiu wuen % RSD wasA1ade
% peak area U84 acidic peaks, main peak Lay
basic peaks 11U 2.63, 0.59 wag 1.93 mua1au
Tnedlen % recovery whifu 97.92 % waneiial
1 LOD winfiu 0.30 mg/ml tag LOQ AU
1.0 mg/ml

anududunss nsmuInsgIuTENIN
g GG T NG et e T L TR EATIR LTE Y
LATE13NBUL 71 0.50 - 8.00 mg/ml uazA1aAY
fiuilves acidic peaks, main peak lag basic peaks
wutdunsmidusss dauandluguil 3 dvdudssans
nsdnaula (coefficient of determination: R?)
finlndiAes 1 nied duussansanduiug

(correlation coefficient: r) > 0.999

2400000.00

2100000.00 .
3 =
3£ 1800000.00
5 500000.00 )
=g v a
g ..
TE  1200000.00
< Ty = 26T175x + 4744.5
900000.00 e
R R = 0.9999
£00000.00
300000.00
H - Y- @
0.00 8. g

o 2 a4 6 8
AnuiiuturesmanATEI atezolizumab (mg/ml)
®  Acidic peaks

® Main peak Basic peaks

........ Linear ( Acidic peaks) ---.--.--Linear (Main peak)

(B)

Linear (Basic peaks)

2400000.00
2100000.00
1800000.00
1500000.00
1200000.00

900000.00

AiaaeRuAlTa

600000.00

y = 261134x - 5223
R? = 0.9999

300000.00
0.00

anududurasarsnasgiu rituximab (meg/ml)

L] Acidic peaks ® Main peak Basic peaks
--------- Linear ( Acidic peaks) -........ Linear (Main peak) Linear (Basic peaks)
(@)

JUN 3 N9 mlinasguseninennududuresansinggu (A) Tesndguuy (B) exilladguuu wax (C)
#139Tuuy 1 0.50-8.00 mg/ml uazALRAiuves acidic peaks, main peak Wag basic peaks
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AUAINUYBITT (Robustness) 31N
miLU§auLLUaaqmmﬁmaaﬂaé’mﬁuasiwznm
Tunsifudhwimandoudi A uag B lunsiasey
gleINAYUIU enozfleaguIU LAz TYTUIU wuh
Aady %peak area Yo main peak luuaneaiy
aeafifuddyvnsadafiseduanandetu 95%
Taedian p AU 0.64, 0.13 wag 0.29 AINEIAU

dlewSsuifisuaaie % peak area
999 main peak neldn1siUasuutasszesiian

Rusnwilandeud A uas B Tuen mAbs ¥ 3 win
TneiUSouiiousynisansazanainaindoud
fp3eulmlfundouadauaziiu 7 Suneutiun
ApTzht dnuanuenaegsitedAgnsans
fiszumnandoriu 95% (p Wiy 0.18, 0.63 waz
0.31 MUEIFU) vausTinsiiusneiuiy 14 Su
WuAMURANA1egsitud Aynisadaisydu
AMILTRITY 95 % (p Winfu 0.00006, 2.11%10°
way 0.00003 muaIU) Fauanslunisnad 5

M15199 5 ALAGY % peak area 84 main peak Tugnloandguuy vrosfiledyuuy waze13yBuuy

aneidng ADENe Aalle % peak rea  %RSD W3BUWUAMULANGATS
Wasuwlas 2849 main peak
giloundguuu vum - 25°C 79.34 0.49
75 mg/0.50 ml 30°C 79.46 0.43 ANOVA; p = 0.64
(N=9) 35°C 79.30 0.55
progfiladguuu wuin - 25°C 78.30 0.69
qauungiiuag 1200 mg/20 ml 30°C 78.60 0.14 ANOVA; p = 0.13
AodwY (N=9) 35°C 78.70 0.59
913YTUNU VU 100 25°C 79.16 0.41
mg/10 ml 30°C 79.42 0.53 ANOVA; p = 0.29
(N=9) 35°C 79.28 0.34
gilowndguuu vum 0 Ju 79.50 0.29
. T-test (D, Vs D7), p = 0.18
75 mg/0.50 ml 73U 79.83 0.33
B T-test (D, Vs Dyq); p = 0.00006
35821781 (N=3) 143U 77.51 00.4
msiuinen grezfiledguuu vune 0 Tu 78.56 0.14
4 . T-test (D, Vs D7), p = 0.63
S GIGRRINT 1200 mg/20 ml 7 Fu 78.48 0.33
. T-test (Dy Vs Dyg); p =2.11%107
Auaz B (N=3) 14 Ju 73.77 0.46
Y1TYTUNU VWA 100 0 U 79.64 0.52
. T-test (D, Vs Dy); p = 0.31
mg/10 ml 73U 79.59 0.54
B T-test (Dy Vs Dyg); p = 0.00003
(N=3) 14 3 76.46 0.34
a = o )
anuUsgna (basic peaks) @4@8nUINIBRAT NITHENTVUNU

wiedlalassnnnsiluuuuanivdeulsy
UIn (CEX) IAMLLMIEaNsan15TATIER mAbs
fiflein pl aglutag 7.3-9.4 1esanluraadaingn
luanalusAudivuiliuasaninyssquan Ml
aunsaduiuRednififiuszRauLazgnUEnsenAL
SnwarYed charge variants legnsiusednsnm
Usgnaumme acidic variants (acidic peaks) gnue
2ONNNADU MNAIY Main peak WAz basic variants

=

mMaAsuLUawesUszalusiunuen pH vie
anutuduveandslumaindeun? WlaSeuiiie
mADs 1 7 v I olounaguay s3unatuu
8108 TILYAYUUU 8108ANTLUUY BUNDTYYUUY
YIMINAYYUNU UAZYITNTUNU NUIIANUUANANS
YosgunuUlasINnunIUaE e ufsmIIvAIN ANy
Y94 isoforms sdiniusiunuandAiamzveslusiu
wiazviin Feluilagtiuidhas eyt charge variants

56 THAI FOOD AND DRUG JOURNAL Vol. 33 No. 3: September - December 2026



999 mAbs Falaifinsimunduisunasguluss
g1aNaTIDIAIN1 (USP) uazglsy (European
Pharmacopoeia) M3AnwAssimLmManTIwi
wizaulagldnannisuen charge variants
vosluanalusiumunisiasuuasianudy
n30-93 VosasavaneaIdeLintia CX-1 buffer
Tnewlaindeuil A fo (10X) CX-1 pH gradient
buffer A, pH 5.6 wazilaadoudl B A (10X)
CX-1 pH gradient buffer B, pH 10.2 saonadosiiu
NAdnawatu’® 1wu Goyon wazany Tudl e,
2017 ¥MA15LASIEI charge variants Tug1 mAbs
1UIU 25 il sgﬁmmmquﬂwmwuawﬁmﬁ
®aINMABYO9 immunoglobulin WU @01 pH
gradient (CX-1 pH gradient buffer) fuUseansnw
a9n71 salt-gradient Tun1suenuseqy mAbs usidl
Fodnlunsiiasigs mAbs Aiiuszqau (pl <7)°
uenninansAnwes Farrell wazansy 1udl o,
2018 uansliiiiuin nsld CX-1 buffer @nansauen
charge variants ¥0981013YUaIU 8UBYTULU
g1BuNATULY wazemanguiy ieendiuseavinm
wnniisiiueadudureandelu MES buffer
w38 phosphate buffer'! lunsanwiilalden pl
vosiiledmdendunilunimaaeulinsoungy
439 7.3-9.4 lnedenenloandguny (pl 7.3) 1Wu
FunuwesnguA pl i (7.3-7.6) tnexiiledguay
(pl 8.6) Wushunuwasngue pl Urunans (8.6-8.9)
waze3Tunu (pl 9.4) Wudunueangue pl g
(9.0-9.4) ieldanzfimunzauuda ldvinas
ATIABUANYNADIVBIITAM ICH Q2(R2)™ WU
Fenusume Tne mAbs s 7 vislslasilnunsy
donndpsivansunsguusasaialaglitinissunu
nansdu (formulation buffer) uaeiognsneld
an1e stress Wilasulnunsuiiuansisdaiou
wARSEIATINSIINETeTIs NMsRTIdeUALiBs
Wuhelomndguiy e1eslvaTuIU waren3Tu
FApzisslu ity setulaziedesdlo
AsineTed TinaliunnsnseddidedAgynisada
@ué’umwmﬁmqwaﬁ% AUAIULLU NUTIAT
%recovery agluinauet 90 ~110 dwsum1 LOD

waz LOQ flaufissuasannuusiy Sanviiu
0.30 mg/ml LagAULLIL WIdU 1.00 mg/ml
AUAIAU
YenaniiinsAnsmunmueitlag
mswasuwlasadosingg ﬁawmwummgﬂﬁm
vaanmageu e nsiwdsuulasssozianlunis
Wusnwuandeudl A uas B WU Nan151ASIEn
wansnfueghsditudddlefinsasuudasszey
narlufuSnwuandoud A (10X) Cx-1 pH
gradient buffer A, pH 5.6) wazilawedeud B (10%)
CX-1 pH gradient buffer B, pH 10.2) Wu 14 Tu
Sameudunsa-mavesasazansiandouil A
TuSud 0, 7 uag 14 Sty 5.63, 5.68 uag 5.83
audIRy wavansaranawlaedoud B Snanay
Junsa-snsluiud 0, 7 way 14 ey 10.24,
10.29 uaw 10.45 mud iy Seegueninasiniseensu
certificate of analysis U89 CX-1 pH gradient buffer A,
pH 5.6 Way CX-1 pH gradient buffer , pH 10.2
WU 5.6+0.2 Lag 10.2+0.2 @1ua1au lunig
asstudunsiusnvasavareandeuiiviu
7 Junsunlglunsie e nun Wansiasie
Tdumnansiusgeditdodrfgainnisnisuuaz gy
Vit fduansazanewlandeud A uas B awnsa
duldunuladiiiu 7 Yu Fansidsuudasmenundu
nan-mafiAstusenadesfusenuiissyininin
msmewianisueulaeenlenluseninamsiiusnm
waedoud vlvmnududuvedlslasaulossu (H+)
anasuazAaudunsa-maiiniueghseies
sunsvednslossulanssanlasnauuzuia
wazmsiialonedlansenlanluaisavate dwali
Aanudunsa-ang maqmsazmmWamﬁauﬁqaﬁu”
WHudu msfinwmunmuresiBidlenasugamai
284ARdUYIN 30 WU 25°C wag 35°C WuI1
nanTIATzAliusnaiue it Ay eaia
ﬁ&ﬁ?ummaarﬁ’mumﬁ'aaqquﬁﬁaam%’ﬂé’wﬁﬁu
30 +5°C Jaaenndosiuvguiiiszyinaauuas
gaumgildanasieainuainsalunisdu (binding
capacity) voasdulunsuaniasuloseulneuiy
@mauﬂa%aqmﬁﬁgﬂawﬁ’uLLasmﬁ@ﬂ%’UMlﬁﬁﬁm
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langanuaiRavIMenmeIasazaty Moy
gungionainlianuamisalunsiuiiiudu
vaoanasld Tuiurilavesasuavaniazild?
nansAneiaenndesiuauues Rea wavamy
finenuhnsdsugamiveseedution 30 +1°C
laldararonuAIMUYDINITIATIEI charge variants
1 mAbs 7ifien pl 7.4 sgnsfiduddmeataz
athalsfinnn euideildmeduiiiedveiien
ﬁqmiﬁmiﬁﬂmmé’mﬁmﬂﬁwamwﬁwﬁaﬁaﬁu
nsdifiansainlunsindeSengandsluounag
S sAnETU mAbs winBu 19U 1662 wag
19G4 \leButurumnyauvesanisfinannty
wielwanunsaldlun1simsnzsi charge variants
selasnnnsfluuuanidasuuszqlddnnu
yilafaseuaguiismineluussie

dyuna

BN TR VGG TR o A A D PRI
Tun153As1294 charge variants 989 mAbs 7lAN
pl 7.3-9.4 IngiiNaNIATINHOUANNYNABIVEITD
3 cal o ° v
Wulumunasiinmue waganansadunladu
FWumsgrunwisslJuRnig ieauANAMAIN
mAbs Admunglulsginela

JYDLAUDLUZ

1. msfnwsslumsiiarsanmsldnoany
NnERaImaee Weiumadenlunismauny
TunsdlilAnauatlunisiadsiemsngandn
ﬁ]’méjmamw‘im’lwﬁa

2. msfnwiinTaungy mAbs ¥iadu vy
1662 Uay 19G4 ATILVLEVOUALALANAN AN
YOI IUNTIATIEN charge variants Tug1 mAbs
3uq Idundetu
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