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Abstract

Background: Rheumatoid arthritis can be treated with adalimumab, a human recombinant
immunosglobulin G1, that helps reduce inflammation by targeting the immune system.
Adalimumab specifically binds to tumor necrosis factor-alpha (TNF-0L) and neutralizes
its biolosgical activity by blocking its interaction with cell surface TNF receptors. It is
available as both original and biosimilar drugs. Thus, identity and purity testing using
capillary electrophoresis with sodium dodecyl sulfate (CE-SDS) is a critical quality attribute
for quality control of these drugs, ensuring that patients receive high-quality medications

that meet international standards.

Objectives: This study aimed to develop a method for determining the identity and
purity of adalimumab using CE-SDS according to the International Conference on
Harmonization (ICH) guidelines. The ultimate goal is to establish this as a standard method

for laboratory quality control of marketed adalimumab in Thailand.
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Methods: The method validation for determining the identity and purity of adalimumab
includes various parameters including specificity, precision, accuracy, linearity, and
robustness, following the ICH Q2 guidelines.

Results: The results demonstrated that the method was specific under both reduced and
non-reduced conditions, showing linearity over the concentration range of 0.50-1.50 mg/ml.
The relative standard deviation (RSD) for precision, both within-day and between-day,
was within 5%. The recovery percentage ranged from 90% to 110%. Additionally,
the method was robust when changes in equipment were made.

Conclusions: The developed method for testing the identity and purity of adalimumab
using capillary electrophoresis with sodium dodecyl sulfate is specific, precise, accurate,
reliable, and suitable for quality control of adalimumab products in Thailand.

Keywords: monoclonal antibody, adalimumab, capillary electrophoresis, method validation
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lnw3guiieudnuae electropherogram WAz IATIERUYABUSINMUAIYARRLTINT T
1fun dede fosay andosuuannsgudusing one-way ANOVA, linear regression ua
Independent t-test fisgdiuanadeiuiosay 95 InsAnwisenineduil 1 naiau 2563 -
30 fugneu 2564

ansANE: nansedeuuandliiiu e unzaueuaasiouarsruuTlilunmaaeu
mefluiosufiAnis lagarsuinsg s monoclonal IgG system suitability M3ias1esildtanwee
electropherogram adneadsiutenatssusesnuamuazaladuluamnasindmunly
USP-NF mMInaaauadudinigseningguayasinnsguesaayuay nuhusngiiavesiiedng
WAZAIIUINIEIUATIAL Wag formulation buffer vasenlifinasunmuiiAndnvessiogns wonanil
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FUW1ZAU human Tumor Necrosis Factor-
alpha (TNF-alpha) Lkazdnv219n1591191UY89
Ufnsenluad lisnwlsatesnausinnays
Lsnazifintu lsndensegndundsdniaudngie
wazlsadldlngdniau’ iunilslueingu
Fnndydual (biopharmaceutical) 4013
ARSI INSLRseRulalunaineilan
U .. 2024-2029 SiinTundedosas (CAGR)
5.10 sied Susilesnannsiulheiiiiutu
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ﬂmﬁwfmawizﬂmﬂi;ﬁqamquﬁzmmé’mmi
Tolunssnwilseiisimnzianganiioansinis
Frafesiiinainnisinudeenad dawals
finsAnyneuazimunedinduiueieand
aALfisann? mazmaaﬂmmﬂu fully human
recombinant Immunoglobulin G1: 1gG1
TngeviiausnitldFueysiadmiuldanlu
enIsuNndie Humira® wied a.a. 2002
ludsgwmransgasmlusukuuedunuy
(originator/ innovator) wazilosmundns
Unssasufinswdnitosvuennniu vieen
lusUnuvgfuluulazeind1engelagiu
fmsndnuartunsdousluguuuusadonds
wauBne Wy Amgevita®, Exemptia®,
Abrilada® wag Hyrimoz® WHugu®

lassaiimaalivesenayadyuiy
Usnauensnoxdlu 1,330 lmana St
Uszana 148 kDa Insluanaienilauysal
(monomer) AvdUsznoUMEae Light Chain:
LC 2 @t uaz Heavy Chain: HC 2 ae 1iouste

Jugusane (Y shape) saeiuseladalig
(disulfide bond) wazfithmaidusruszneu
aguuae (glycosylated) %a’nmalﬁmiaaﬂqmé
V09NHUTEANTAIN WANINLATIATI9VDN
\Aansdsuntadly 1wy msinengunde
nsuanevaslilanaen (aggregation and
fragmentation) azdsnasielassasndluianaien
vosgliiauysal denaliniseongnvesen
fuszansnmanasle’®
AIUNINTFIUNTNAADUAITILIENG
an3§euI3n1 (United States Pharmacopeia: USP)
wazeIIgIaINawisannmelsy (European
Pharmacopoeia: ph.Eur) lafmuaiuamig
LaZIBNMIMAADULiBAIUANAMA TN Y
lendnvaiuarauuiavivesululaueauoufiued
fiondansuenmumnaluianaUsznousmemeie
Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE), Size Exclusion
Chromatography (SEC-HPLC) waz Capillary
Sodium Dodecyl Sulfate Electrophoresis
(CE-SDS) Jumpfia CE-SDS ansnsauenuas
asvaeuluanalusAuifvuadnldfingd
winfla SEC feifudsdeyldanisdniueiu
Tumsnagoumanuuiavsvedhnanalusiu
wonanimaila CE-SDS anunsanenlusiu
Tngadunmsindouiivelusfiuneldaunslndh
LULAEIAUIS SDS-PAGE weifiaiuazLden
warusiug Jnseldluszeziaiiisansa
wazanunsavnanlglaedirnuiiananaldtiesni
75 SDS-PAGE® lag SDS azgaevinlilusau
fUszgaunazinilassasalusiudeanin
aaedaluanenss Saannsanivdeulusiuld
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reduce protein LilonTIadaUNMTLANTILAY
ANUAIAIYELLUIAY LAgdn1Ie non reduce
protein 1un13nsraauUTINlLLANAYDY
monomer lagldaisngy alkaline Lgu
iodoacetamide ylvlUsAudansanInved
lassaindlaglaiinsaaneiiuseladalnauaiii
N1SHENANVLIALILANG kagan1Ie reduce
protein un1snTI9deUUSINM LC wag HC
Ieldansngu reducing W 2-mercaptoethanol
devhaneusyladalndluliana vivlilnana
yoslushutenaanduinves HC wag LC
Pntuiausiegndlulueundaand
(capillary tube) waziAnn1susnlusAunIu
yualuana lnemstidndlnihgsinmaen
YUALaN (capillary tube) ﬁ?fqmsfl,umiﬁ;mi
avanedlaalasladimiluinle Tnsluiana
PWAENITYNUENBBNUINDY AINIElILana
Fflaunelngnin Feaadldlunisindeud
(Migration Time: MT) vatusiazluanasuidu
Az Unngiiafifinugaudsnusiuy
Twanafuenls TnsUSnavesasinenldd
wgndnnudutosasvasiuilléiia (Corrected
percentage Area: %Corr A) wagluTauLiieu
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AUANANN N ULENANBAlLAYAAUTNE
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FasuUauazann’ taeimada CE-SDS
HuvilduTBmsmageumannpsgrusena
USP-NF tiosnnidumaiiafianinsansiaaeu
USnavesdsuteufiAatuanmsuands

YoINdnAuailan wiug wagldinaisiniga
Iuﬂwsmaauﬁlﬂﬂwﬁaumﬂmémﬁmeﬁ (related
impurity)10 wikilesnlussnenanna USP-NF
fdemuuaianizenlululaausaloufiven '
widslifivarvunemedniuetesnaywIy
dalidosdinswauismieszivsay
dmsundndaeitingn Wesnlunszuiuns
HaneazgnIiniu (formulation buffer)
yasifinnuunnsstulundasBieaidna
sonantsnadey’® fafugidednhnsiaun
A58 CE-SDS MULLIVNSYBY International
Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human
Use — Validation of Analytical Procedures
(ICH Q2)"2 el salfiiiisinasgudmiy
WoaufuRnisan1duzing nsuinermans
MUY é’m%’u‘imiwﬁ@mmwLﬁaﬂizﬂaumi
%umLﬁaw‘h%’umazmaa&LL;JU'IuUizmHLmJ
ierfinanudosiuluaunim Yszansam
LazAuUannfUe AN S Hadmsu
qﬂmﬂimqmmwméLLazUi%wuﬁﬁaﬂ%m
ozanayuuulunsinwlsn dadufaddy
TunsenseRunnsgIuvesedringlulseina
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N13MTINNATILIBNANYAURALAIUUIAND
Tugnevadywuulegldvaiiaualaan3sidn
nslsFa-lofenlangadan lngdnsen
#190711997U USP monoclonal IgG system
suitability Tuan 17 non-reducing protein

ey reducing protein
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2. \ionnaeunugneseTIs AL
londnnilazauuignslugiozaayusy
Ingldwmatiaualaan3dianinslusda-lodey
InAgadamn lagdasieiansuiinigIuesad
YUUUUTHUTIE UV AELIU AULUIN
LAZINATINTIaN3UYDS ICH Q2 eyl
AR U 5995UNIRSITIATIE Sy
mi?ﬂyumLﬁ'aumasmayjl,muﬁgwﬁmmﬁmwu
wareNYITAgAAIUATY dmTURIUHURNS
anUuiringnsuing1ransnisunng

a

35791 TINAa0Y (experimental
research) IRgvNAFBUAMUWINIEHUVDIID
AATIENUAENAADUAINYNABILUNITNTIY
Ansgiondnuaiuazanuuiqrslugnoyaa
wwuumnewatiaualaansodninsliidaludey
laAgadats MukwIN19ves ICH Q2 1oy
fufumsanuilussnineudl 1 ganay 2563-
30 fugneu 2564
NENADEN9
g edringaaenduiinesad
LY ﬁﬂwamdqmaﬁmeﬁlﬁaﬂizﬂaums
JunsSeuglulszndlne aensdudiogng
nMnegeuAiun sdulag UTEINEHER $1u7u
2 8o dmuadude mAb A uaz mAb B
Fienududu 40 me/0.8 ml S1uaued e
2 $79819
Fangunsaluaziniasila

1. @1310717957U monoclonal IgG
system suitability (USP, USA) Lagansi1nsgu

azm?ﬂguu‘u (In-house reference standard)

2. gphendnFagl: SDS-MW analysis
kit (SCIEX, USA) Usznousielusius9ds
1psgIuifivualianasening 10-225 kDa
kA Internal Standard (IS) 9119 10 kDa, gel
buffer (proprietary formulation, pH 8.0, 0.2%
SDS), sample buffer (100 mM Tris-HCL,
pH 9.0, 1% SDS), acidic wash solution
(0.1 N HCL), basic wash solution (0.1 N
NaOH), 2-mercaptoethanol (Sigma, USA),
lodoacetamide: IAA (Sigma, USA) waw water
HPLC grade

3, ipseddidninsluETauuuuatanis
(CE) 31 PA 800 plus pharmaceutical analysis
system (Beckman Coulter, USA) NSDUN Y
YaneuiaesuarlUsuNINUTEINANE 32 Karat
software, La3asinA1n1sganauLasyin
Photodiode Array (PDA), fused-silica capillary
WUU uncoated YW UHUANENA19 50 um
8173 30.2 cm (SCIEX, USA), cartridge assembly
kit (SCIEX, USA), iestisnnuasiBen 4 suvi
(Sartorius ED 822, Germany) &g Heating
box (Eppendorf, USA)

SunsunsAnE!

1. MSLWTUFIDYLALATUINTTIY
Tuann72 non-reducing lneli9a19a@5ung Y
wazFeg 9l USINalUSAY 1.0 mg/ml Ay
sample buffer 3 1S U311915 4 ul, Hiy 250mM
IAA U331915 5 ul asludagnsusuimns 95 ul
ihlUtufigamgfl 70°C wiu 3 wiiudadadisl
Tduigamaiiuiu 5 wit Aeuhluneaey

2. NMSHISHUAIDLIALAITUINTTIY
luan1ie reducing 1nEtI9198750IM 55U
wazdreg19lniusIalUsAL 1.0 mg/ml
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A8 sample buffer 1w IS USuns 4 ul, 2-
Mercaptoethanol Usuas 5 ul aslusiioeng
U31ms 95 ul wluunfigamadl 100°C w1y
3 wftudananal il Suiigumgiuiu 5 und
noudlunagay

3. thansunnsgulaziog ey
AndhuaTes CE duneunisuanansves CE-SDS
Tneflanzveades (famsedl 1) msaane
fiuszluluanalusfuseaudouluanng i
$DS MntuasazsuuaTan3lagld 1S vun
Tuana 10 kDa Mfsludreeaidu mobility

marker andeuiiiuiAiesinAINIsgANEY
pAuLA niulUsFuazadeuTiueneenay
ynavedluiana Insluianavunndnagiadoudi
panunaulianavuInbig waaldlusunsy
Uszanana 32 Karattm software hasmdgyayal
\Uu electropherogram wisaiiaszsiAnioay
vosiiuildnam wazaaillflunsiedeud
TnefypinelUsuidiwinmassilutag
10-225 kDa tilelifigurnaluiana vosegns
WAZATUINTF I

] = ° U § va ] °
A9 1 dn1gUaAInd CE a']ﬁiUISU']Lﬂiqgﬂ/ﬂusllumf’JUﬂﬁIﬁVlﬁNqu

Step Event Value Duration Comment
#1 rinse-pressure 70.0 psi 3.00 min 0.1 N NaOH rinse to clean capillary surface
#2 rinse-pressure 70.0 psi 1.00 min 0.1 N HCl rinse to neutralize capillary surface
#3 rinse-pressure 70.0 psi 1.00 min water rinse to remove the acid residue
#a rinse-pressure 70.0 psi 10.00 min SDS Gel rinse to fill the capillary with SDS gel
#5 wait - 0.00 min H20 dipping to clean capillary tip
#6 wait - 0.00 min H20 dipping to clean capillary tip
#7 inject-voltage 5.0 kv 20.0 sec sample injection
#8 wait - 0.00 min H20 dipping to avoid sample carryover
#9 separation-voltage 15.0 kv 40.0 min separation

4. ASNAFBUAINUNSBUVBITEUU
NAUNITNAABUAIUYNABIVDITTIATIEN
lavinn1snsIRdaUANUNSDUABUNIINAEDU
AUAIDE1AZANITUINTTIUE18EANFLIUY
Ineldan5u1msg1u USP monoclonal IgG
system suitability Twealidianududu
0.5 mg/ml Tuan1ig non-reducing wag
reducing Tunsadiaies CE iiensivasy
AN ONVBITLUU F9F 0 UAILLN QU
AINFE1SI81@Na USP-NFL 1 Anuyinnis

wmaaummgﬂéfaqmmﬁﬁﬁLmﬁ

5. NAABUAINYNABIVDIIE
5.1 MINAADUAUTUNIZVBITD
(Specificity)

1) 25729 blank, formulation
buffer @131IATFIUUALAIDENNLIBEAALUIY
ilemsrasouruannsalunsuenluanie
fitmua luan1z non-reducing protein wag
reducing protein %aé’fmﬂiﬂﬂgﬁﬂ%ﬁ IS ey
liusngfindu q Asunufiandn

2) 1p9zAlUsAUe1 B 1NRIgIY
Alvueluanasewing 10-225 kDa Tuang
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reducing protein fiasUsINgfiAnuluTuses
vesfdniiuszneuselusiufiihiwmiinluana
10, 20, 35, 50, 100, 150 waz 225 kDa

3) IR TN INTTIULALAIDEN
g19gA183kuulakn mAb A wagz mAb B
Awsealiiuinalusiu 1 me/ml Tuanie
non-reducing protein Wa¢ reducing protein
AesUsINgiiAve IS TaudsUTng iAvesans
UINTFIUATINUATTAIDES

5.2 AVAARUANNLTIES (Precision)

1) MwsziE eyt
(repeatability) 35129 MAD A §13U 6 1
melutuienfulazanneienturianig
non-reducing ag reducing WsuiBuA1 MT
a1 %Corr A fuIAT %RSD Fegasiinn
laifu 5

2) MIIAsIERERTTY (inter
mediated precision) 31A312% MAb A §1UU
3 41 Tnemadeuseiudiune 3 Surany
non-reducing ag reducing WsuiBuA1 MT
a1 %Corr A fuIAT %RSD Fegasiinn
LAY 5 KagAIATIERAMULANAIITENINTTU
1nwahia one-way ANOVA

5.3 yaaeuAITuLEunse (Linearity)

Taszitasnnududuresansinnseils
Tu mAb A wseulifianududu 6 sedu
0.25, 0.50, 0.75, 1.00, 1.25 wag 1.50 mg/ml

(%
Y

YNENIIE non-reducing Wag reducing
AATIZIANUFUNUTTENINAIUVUVUY D
TUsAuwazAn Corrected area (CorrA) Nseau
AULTNTUANN & kAT TINNVAdDY

@ o M vy a .
AN dudURS eI laRadlan corelation
coefficient (r) > 0.990

5.4 NISNAABUAINNLLU (Accuracy)
AAg1einuwiulaeng spike @13U1055U
mAb A fisesunnandiudiuvestusiiu 0.50, 1.00
waz 1.50 mg/ml (50-150%) asluansazane
formulation buffer faane non-reducing
wae reducing 1hen Corr A neiléfiseiu
AULTNTUANY ) LrAIIAIUTuIulUTAY
(found concentration) LWUSBULTIBUAUAIY
Wuduiiw3enls (theoretical concentration)
wAIFUBIIUANSAUNAU (% recovery)
MUGAT

% Recovery = %x 100

e A = auituduvesansinnsgIu

mAb A fi3tasenle (found concentration)
B = AU UNTUYDIENTUINTFIY

mAb A fienainazlsl (theoretical concentration)

TneARAevad % recovery AISHAT
5% 90-110

5.5 ANTNAFDUAINNAINUVDIID
(Robustness) Sisesikanssnuresitilowden
JUNISHEN SDS-MW analysis kit LA512%
MAb A 11U 3 91 Tnevadeusnefudune
3 SustaEnay non-reducing Lag reducing
Tagldymingrdngagussiunisnanugn
Wisuiieue MT wag %CorrA msnziils
fo49ilA1 % RSD lallAu 5 udauseuliieu
ArauAnAssEeRtedsagUlneai
Independent t-test
nsAATIEdeya

AAsEvoyalenunInlaenis
WisuLeudnuae electropherogram filsan
MIlnziioriedrluifualaa13sidn
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InslsTauazlinseidoyaidausunneieg
ADALTINTIAUUN (descriptive statistics) len
Aade Yosazandoauunnsguduing
LAEVAFDUANILLANGANSTENINTUlAY one-way
ANOVA ALAT12HANAURUSIZ I NAUILTNTY
fiu CorrA 1ny linear regression warIATIEN
AILANGAITENIeAte1d S agUTng
Independent t-test fisgdiuaI1uL oY
Sovay 95

NANISAN®
1. ANUN3DUVBITZUU (System Suitability)

Electropherogram 73tAs1zlaann

A

144.00

132.00 IS

mV

120.00 \

Al

IgG system suitability wui1 Usangiadils
PnMATIEd asmaluiuseseidnia
an11g non-reducing kag reducing WaMIFA
SUT 1 ailas1esi MT ve4 1S Tuanmg non-
reducing protein WUI3A1 % RSD 994 IS
WinAu 0.05 % Corr Ue9iA 1gG 1A 71.76
uazA resolution UBINA IgG LaziA F1 HA7
2.73 uay 1.58 wailAsiesluanig reducing
protein A1 resolution 989 NGHC Wag HC
1AWINNIT 1.24 Uag ratio 5¥1I18 NGHC : HC
fidnevaz 1.08 Fadulumunasiiivun
A3 USP-NF Nauanafansnail 2

NGHC
'L ®)
s HC!

T

150.00

135.00

Z 12000

105.00

|
|

96.00 );

S —

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Migration Time (Minutes)

40,00

ML

]
90.00 |

0.00 a.50 9.00 1350  18.00 22.50 27.00  31.50 26.00

Migration Time (Minutes)

gll‘ﬁ 1 Electropherogram @134161951U USP monoclonal IgG system suitability Tuany

non-reducing protein (A) wag reducing protein (B)

A15197 2 HALASIEN system suitability Tuan1g non-reducing protein L% reducing protein

VBIA1ININTZIU USP monoclonal IgG system suitability

Non-reducing protein

Reducing protein

Parameter result suitability Parameter result suitability
(n=3) requirements (n=3) requirements

electropherogram  consist consistent with electropherogram consist consistent with

USP certificated USP certificated

MT, (%RSD) 0.05% <2.0% MT,s (%RSD) 0.05% <2.0%

18G (%Corr) 71.76% 61.4% - 86.4% Ratio of NGHC to HC 1.08% 0.75% - 1.34%

F1 resolution 273 >1.3 NGHC resolution 1.24 >1.2

IgG resolution 1.58 HC resolution 9.94
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2. AUIUNWIEVDIIS CE-SDS
° a ¢ i i o A = Y
ATIvEaUANTINIElAgTATIE blank Wy Liusingiindusunuiiangn Using

WieeiiAYa blank NIINTSAL IS waviiaves buffer HaAAIRITUN 3 Usngiinvadlusauensds
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MT (min) % Corr A
non-reducing  reducing non-reducing reducing
Parameters condition condition condition condition
Intact IgG LC HC Intact IgG LC HC

repeatability (system precision) average 26.86 1526 19.06 92.93 31.54  67.50
N=6 %RSD 0.48 0.14 0.15 0.10 0.42 0.37
intermediated precision Average 26.74 15.03 18.78 93.04 31.57 67.47
between-day 3 days %RSD 0.50 1.30 1.26 0.10 0.36 0.12

N=9

non-reducing condition; P-valueg,, (0.16), reducing condition; P-values,., (0.36)

4. anududunse
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fvn1snaaeu 0.50-1.50 mg/ml uaga
y-residuals N3NSEANBEITBULNUAUESTA
NaLARIRIFUT 6 WazNaILATIZiA Linear
regression bAr1 correlation coefficient (r)
Wity 0.998, 0.999 wag 0.999 Faiandnlng 1
wansi AN uTBsEnsiANaNuslUTy
fevnaiieniiu corrected area M1sluaN12E

non-reducing Wag reducing
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5. AANALY
AwUsnalUsivanansnsgu
mMADb A fiszsuanududu 0.50, 1.00 waz
1.50 mg/ml (50-150 % level) fanUasidun
A1SAUNAU (% recovery) Tugani1ag non-
reducing protein Winusesay 96.04, 105.51
way 106.36 1ua1AU Tuan1e reducing

protein (HC) Sovay 98.83, 100.31 gy 99.49
puanu Tuaniig reducing protein (LC)
Soway 100.51, 99.98 uaz 99.35 MIUAIAU
Fanansvegeudulumunaeinisyausu
vauuasidudnisAunduluyie 90-110%
AR AT 5
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Recovery (%)

Acceptance
Spiking level (%) non-reducing protein reducing protein
criteria
Intact 1gG LC HC
50 Average 96.04 98.83 100.51
SD 4.85 1.11 0.74
100 Average 105.51 100.31 99.98
90-110%
SD 1.04 0.44 0.17
150 Average 106.36 99.49 99.35
SD 1.34 0.96 0.27
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Non-reducing protein

Reducing protein

SDS-MW analysis kit Intact 1gG HC LC

MT (min)  %Corr MT (min)  %Corr MT (min)  %Corr
Lot A Average 26.74 93.04 15.03 31.57 18.78 67.47
n=9 % RSD 0.54 0.11 1.30 0.36 1.26 0.12
Lot B Average 26.47 93.11 15.06 32.37 18.82 66.79
n=9 % RSD 1.55 0.20 0.48 1.37 0.81 0.66

non-reducing condition; P-valueg,, (0.43), reducing condition; P-valuegc,, (0.43)

=Y
OMFRERGR
ANSHAIUNITIATITVLDNANWAlLAY
ANUUTanslugeeadyuuulaeds CE-SDS
WaNAZaUANUINEALTDISAMS ULy
TUN1IAIVALAMNINEIBEAALLIU ANTUNTT
NAADUAINANIEVDITTNUNUTENGHER
\A389ElBlANTIRERUANGNFABY (M15797 1)
a cY 1 d‘
NSLHSIUAIDENLATANILT T UNSNAEDU
FIUDIANUYNMVBIWIBLATAATS AB 30.2 cm

9199991nM15181d@1na USSP paiile

aaa

TAAeadd N auIIP I RUNT a1y

[
P

<) =t LY
nsneaeuililuaniiznlglunisaasuiu
f19e19939 wazld IS Adulusfunnsgu
1A 10 kDa NAgpUsINAUAIDE1WNATY

Wialluiusdnisindeudl (mobility marker)

Y '

SUE’NIllLaQEi 19879 1n8NKANIITNAAB UMY

2
YY) 1

ANNITVDIIDUA RN UTUNDULYUNITA1GV D

uataa3 fe 0.1 N NaoH m1uaag 0.1 N HCl
puseieudngmsiiu SDS gel separation
buffer luriourtaans uardafiegadigseuy
Frfunsnneliussulninfumnzauie
MliAansLenlusiu uwazasvindyaio
voslusiufiwenlalagldimsanauuy PDA
fiPue1IAAL 220 WIWRT RSz
LA309BLaNINTIWTTa $u PA 800 plus
pharmaceutical analysis system 971u7u
faiA3es saviesURlRNg Aneilusiioeng
mAb IgG1 wuihiiaAnfesazanuuTanives
Intact 1gG (monomer) $98/az 95.7-96.7 uay
LC+HC Souay 97.2-98.07 Fadenndaifu
wainszlalusosndlusiogsesaayuay
Sowaz 92.5-93.5 uaz 98.0-99.0 Tuanie
non-reducing protein W& reducing protein

AUANU

58 THAI FOOD AND DRUG JOURNAL Vol. 32 No. 2: May - August 2025



nMIAgaUANUNSoNURsTTUUlTANT
UMIFIU 1gG system suitability anunsalely
nsUszdiuayainsalunsuenvedluana
Tusiuvidluanmey non-reducing protein Lag
reducing protein \ieBufuAnuIINzaITeq
svuukazeslle Mfleuuiug warlifiena
ARALARDUTBNAIATILI NOuTNITIATIE
F19819939 lauaneuy electropherogram
nseild Using 7 fevdnluan1ag non
reducing protein wagudsing 3 fpvaniuaniz
reducing protein sudskansvaaeuiladian
eaEdd wazinuginseeusuiluluanainue
donmdasfiunansnaaeuininszflagld3s
AN waransunsgIustaifeiut

dlesfiunisvedeunauuamng ICH
02 wuiTiansausnlusiusasglutaed
fvualuana 10-225 KDa biegafiusednsnm
NTIATIZY MAD A az mAb B @ansauen
Tsanatien (monomer) lduagiilevhnsmagey
luang reducing protein flannzmsvegey
finsaaneiuseladalniaunsauenluana
294 HC wag LC aonandulaegetaiau
aenAdoanuNInageuluitoge e1Iing
AMEARIYnezAALUI (SB5) Way reference
product %awwazmﬁ;&LLmﬁﬁmiLwaLLwﬂu"TJ
A.A 2019 Wuilanwazaed electropherogram
donndesiufunaiiaestlanaluany non-
reducing protein Wag reducing protein'®*’

N13ALTIUNTNADUANNYNADIT
AnnpiiondnuaiuazauuIanisidunis

NAFDUANUNIIINNDS ICH Q2 Tagd1uIus)

TupsvageulasAaanfildlunisussiiuna
NINAFDULARENITITNBSTN T NTHONSU
AIULIATFIUNNEDR HANITNAADUAILUNIT
Tmasluieg1s mAb A way mAb B luan1y
non reducing protein W reducing protein
linaaanndosnuinaEinviun tnedaguulad
mssiunmsvageulagldaninsfitnnswawn
AFAATIERAINAINTIVIATIENAUAIDYN
ogaayusuithuduiomndmingluussna
1nnia 3 ¥da Tnenuindadeduiionvdama
ATENURENIIVIAADU Wy M3AueSasdian
WsI3Fauvunalaa3ildlunisiaszi
wsafmegslululausausuAua s winiy
WsoutaLReINULALDIAUTZNIUTDY excipient
wiavfinvas formulation buffer iumnaniu
srilmuatiusvesiegeiiuandneiy o19dema
fonsinszid wussaulnihaldlunisuen
svpznanlunisuen sIuRLunoUNSIAIY
FrogauarszazaInIsUniegs ifay
uLAnFnafy warnsAsuIuNTHANYe YR
hedngagu SDS-MW analysis kit 919
Aelinenulaiasiianeves SDS eel buffer
Fafunumdrfyseniswenvedusiuldegng
wiugh Weuszdiunansenusenanislad
mswmamLU?isJui;uﬂﬁwémﬁuaqsqmﬁwméwﬁf\]gﬂ
WuIIsdsfienuamulnedevarandeuy
UINIFIUFUINSVOI MT wag %CorrA fmn
TsiiAu 5 %qag}ilumm%ﬁaau%ﬂﬁuazﬁﬁw
Lunnsnafuegnadiudfyfissiunnudedu

Sovay 95

2158159MN5Haze1 U 32 aUUfl 2: weuwnAN — 394AN 2568 59



dyuna

PNUANSANY WIATwRenanwal
wazauuTansluiezaidyuuulngds
CE-SDS fifauunufieudumg anmidies
A JudUNTY ALY UAEAYINAIYIUYEY
WhATwige duseansamlunisuenvang
dwiuthunldduisunsguluiesufjifinis
meludszinalneiiienruguauaIne1u

NN EALAZAUUITANT lUEIDEARLLIY

124
UYLEAUDLLUY
ANSLASYUFAIBE1INISNAFDUAIS
aliun1snelaanienivue Ingaiuau
gaumngiuazsrezlia imunvauie Uiy
ATHANFIVDINANI T ND1VEINARDNITNAFDU
LATIEUINNANTNAZDUAITUNITNSIVEDU
= A
ANULEDYSUR4 IS Wesannlglunisneaeu
AuAiuieg1mnnATluNMImMAgeU Livelvina
MINAABULANUMLIUELAT AT TIUEY
NANISNAFDUTENINVULINNISNAdaULs
UBNINTUAITUNITVLYVBUIUNITATIVNATIEN
Tnseurgulungulululaueatoufvafvin
A ~ a a a
U ¢ LNDUILUUUTEANTNINLALAIINANNTE

Y9 NAANUNANNANYUINTY

LONEI3919D4

1. EWis CR, Azmat CE. Adalimumab. In:
StatPearls [Internet]. Treasure Island (FL):
StatPearls; 2025 Jan [cited 2024 Jan 13].
Available from: https://www.ncbi.nlm.

nih.gov/books/NBK557889

2. Mordor Intelligence Research & Advisory.
Adalimumab drugs market size & share
analysis—sgrowth trends & forecasts
(2024-2029) [Internet]. Mordor Intelligence;
2024 [cited 2024 Oct 18]. Available from:
https://www.mordorintelligence.com/
industry-reports/adalimumab-drugs-market

3. U.S. Food and Drug Administration. FDA
approves Amjevita, a biosimilar to Humira
[Internet]. Silver Spring (MD): FDA; 2020
[cited 2024 Nov 20]. Available from:
https://www.fda.gov/news-events/press-
announcements/fda-approves-amjevita-
biosimilar-humira

4. GaBl Online - Generics and Biosimilars
Initiative. Biosimilars of adalimumab
[Internet]. Mol (BE): Pro Pharma Com
munications International; 2024 Mar 11
[cited 2023 Jan 20]. Available from: https.//
gabionline.net/biosimilars/general/
Biosimilars-of-adalimumab

5. De Putte V, Salfeld J, Kaymakcalan Z.
Adalimumab. In: Moreland LW, Emery P,
editors. TNF inhibition in the treatment
of rheumatoid arthritis. London: Martin
Dunitz; 2003.

6. Wiesner R, Scheller C, Krebs F, Watzig H,
Oltmann-Norden I. A comparative study
of CE-SDS, SDS-PAGE, and Simple Western:

influences of sample preparation on

60 THAI FOOD AND DRUG JOURNAL Vol. 32 No. 2: May - August 2025



molecular weight determination of proteins.
Electrophoresis. 2021 Feb;42(3):206-18.
doi: 10.1002/elps.202000199. Epub 2020
Nov 30. PMID: 33185281.

.Li M, Yu C, Wang W, Wu G, Wang L.
Interlaboratory method validation of
capillary electrophoresis sodium dodecyl
sulfate (CE-SDS) methodology for analysis
of mAbs. Electrophoresis. 2021 Oct;42
(19):1900-13. doi: 10.1002/elps.202000396.
Epub 2021 Aug 6. PMID: 34240427.

. De Griend S-van CE. CE-SDS method
development, validation, and best
practice—an overview. Electrophoresis.
2019 Oct;40(18-19):2361-74. doi: 10.
1002/elps.201900094. Epub 2019 Jun 6.
PMID: 31141192.

N8 FUNNUANZNTTUNITOINTIATEN.

No

Howaznaninausin1sTuneL e us1sueN

D eD_

o i

Fringadnenas (Biosimilars) [Bunasiiinl,
N3N 8nwsnInilaLeuAf bl 2561
Lddadle 2021 na. 19]. wWrddldann:
https://drug.fda.moph.go.th/media.php?
id=509750409062129664&name=13%
20Biosimilar.pdf

10. Duhamel L, Gu Y, Barnett G, Tao Y,
Voronov S, Ding J, et al. Therapeutic
protein purity and fragmented species
characterization by capillary electro

phoresis sodium dodecyl sulfate using

systematic hybrid cleavage and forced

11.

12.

13.

14.

2158159MN5Haze1 U 32 aUUfl 2: weuwnAN — 394AN 2568

degradation. Anal Bioanal Chem. 2019
Aug;411(24):5617-29. doi: 10.1007/
500216-019-01942-8. Epub 2019 Jun 18.
PMID: 31214752.

United States Pharmacopoeia. General
chapter, <129> Analytical procedures
for recombinant therapeutic monoclonal
antibodies [Internet]. MD: USP-NF; 2022
[cited 2023 Feb 15]. Available from:
https://online.uspnf.com/uspnf/
document/1 GUID-AEE677A4-5F8C-
46B3-B949-D5D3DF112DB8 2 en-US
European Medicines Agency. ICH Topic
Q2 (R1) validation of analytical procedures:
text and methodology. CPMP/ICH/381/95
[Internet]. 1995 [cited 2022 Jul 19].
Available from: https://www.ema.
europa.eu/en/documents/scientific-
guideline/ich-g-2-r1-validation-analytical-
procedures-text-methodology-step-
5 en.pdf

Council of Europe. European Pharma
copoeia. Vol I. 11th ed. Strasbourg:
Council of Europe; 2022.

United States Pharmacopoeia. <1053>
Capillary electrophoresis [Internet].
MD: USP-NF; 2023 [cited 2023 Feb 15].
Available from: https://online.uspnf.
com/uspnf/document/1_GUID-89EA57
F1-8148-4707-BAD5-536BESDCCAEE
3 en-US

61



15.

16.

62

Esterman AL, Katiyar A, Krishnamurthy
G. Implementation of USP antibody
standard for system suitability in
capillary electrophoresis sodium
dodecyl sulfate (CE-SDS) for release
and stability methods. J Pharm Biomed
Anal. 2016 Sep;128:447-54. doi: 10.
1016/j.jpba.2016.06.006. Epub 2016
Jun 7. PMID: 27344634,

Lee N, Lee JJ, Yang H, Baek S, Kim S,
Kim S, et al. Evaluation of similar quality

attribute characteristics in SB5 and

17.

reference product of adalimumab.
MAbs. 2019 Jan;11(1):129-44. doi:
10.1080/19420862.2018.1530920. Epub
2018 Oct 19. PMID: 30296198; PMCID:
PMC6343792.

Zhang E, Xie L, Qin P, Lu L, Xu'Y,
Gao W, et al. Quality by Design-Based
assessment for analytical similarity of
adalimumab biosimilar HLX03 to Humira®.
AAPS J. 2020 May;22(3):69. doi: 10.1208/
$12248-020-00454-z. PMID: 32385732;
PMCID: PMC7210234.

THAI FOOD AND DRUG JOURNAL Vol. 32 No. 2: May - August 2025



