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unAnta Capillary electrophoresis—sodium dodecyl sulfate (CE-SDS) Wumatiamsiwszllseu
daumwlasaaninldug alusduldmumnaluanaiiisnldfunniaansiensiniiaquitansinm
(biotherapeutic products) nnaennmaluladiinmw iy Wluleauasuaudued (mAbs) msAnwiildvhms
ATIRADUANNGNANYBNIS CE-SDS Tumsanaendnuaiuazanuusansusmniniog lagldxain3asiia Beckman
PA 800, capillary bare-fused silica, SDS-MW Gel buffer ﬁﬁm‘%amﬂﬁmmu photodiode array (PDA)
feuemedy 220 nm wuRIEHTUsEanamwlumsueniia sansoanssavasitudiowniudmiiion wu
non-glycosylated heavy chain: NGHC 1¢ Tagflanuswnzuazemnuiiisadiulumananiimua daiidh % RSD
284 migration time (MT) Waz corrected percentage area 784 light chain: LC, heavy chain: HC uaz NGHC
Sennhiawss 3 usrienuamu lasmsnassalasunauarriauaiaa3wuil MT 284 heavy chain uaz NGHC
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tagtiueninagnudalosmalulagdimu™? dusinauszaumugadu sansainlglumssnm
Iaagaiivszaninm endringildiienssnlse (biotherapeutic products) aenaniivaauszian laun
Tululnausauauduad (monoclonal antibody: mAb) Tus@uziiags laun granulocyte colony
stimulating factor (G-CSF), blood clotting factor VIIT slungnaasluy laun erythropoietin,
. . ' s v 1 . . = d o v J é’d
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Tuanazasuaudvadlsznaumelusfiuanadu (light chain: LC) 2 e uazlus@uaneen (heavy
chain: HC) 2 se @annutugudimne (Y shape) drawuszlodalvd (disulfide bond) uaziilutanarnona
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Method validation of CE-SDS for Identity and purity analysis of mAbs Titaporn Pootipinyowat el al.
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anuuagnsiliudddnlumsanaliensiaumwniiion Wasnnmunsousaddiiiudenammwaasen
WALANNFNLEINBABINTELIUMINED MIAvLazmMsaUdsivanzanaen® Tagdnenanauuzinli
aalensigadnunzanansaluaranuuianseasniriaguitamssnmmariiaeisiensi oty
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L%U size exclusion chromatography (SEC-HPLC), reversed-phase chromatography (RP-HPLC),
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), isoelectric focusing (IEF)
ua capillary electrophoresis (CE)®® (flugu

Capillary electrophoresis-sodium dodecyl sulfate (CE-SDS) HumesiamsusnTusauilsd
wanmMadeniu SDS-PAGE wuuwalaswannl¥ivszansmuwgsduniia SDS-PAGE Hiidanialums
THaannilumaedsnes enugnnlumsiensinamidinsldmsieiiisuana® ™ dagtiu CE-SDS
ol Lﬂuﬁﬁ’imswﬁﬁixulﬂu European Pharmacopoeia®” ﬁﬁﬂﬂ%‘luﬁmﬂﬁﬁamﬁmeﬁqmmwm‘[ﬂiﬁu
Tumsmuguanmweniingaio mAb duenanuaiuazanuuignilosmsamaseuisinaluans
woudvadfiouysaiuasuaTnges LC uar HC nFsuiisuivansnaspubdudoazimuadiudmiasas
fmnzandmiuanudazsiio wanmsues CE-SDS da SDS asduiuluanalsiurnlvlusiugadaanin
Tassaawuundsgiivazafenilddumenainsaosiily WarudhllureuatlasdasiiomsuanTusiiu
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muznaluena lealuenaznadnazgnuanasninney mudeluananiiznelvaind daomldlums

waaud (migration time: MT) zasuaazluanavziuaian: Tagazunngianidanugudsan
° = ’~ = v ° 8. & de v
munuadluanaiuenlalosyinawessnsiuenlaiazgnannaniusssazeasiuildiia (corrected
. s - .o -
percentage area) 68l lag35Ha1nN303ANW U non- reducing iandauUTINABIlNENE
¥l monomer W383LtATLHIUINIZ reducing loamssaralassaswwasluanauauived loamsdanus:
logalvdluluanawaudvad mliuamsiensinlainiazes LC waz HC fuanaananiy anuans
Awnziaznldnnuim mAb fqaumwiduldmunasinivuansala 1 gelumsdnniFalaims
asRaauAMMNYay CE-SDS wiatinldiduisinaspueesszmanuivisdulumsanaendnuaiuaz
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LA309dEnTnsIn3Zsuuuuailaan PA 800 Plus Pharmaceutical Analysis System (Beckman
Coulter, USA) Ussnaumegananiinas uazlusunsuyszanana 32 Karat Software version 9.1 patch
ez PA 800 plus Software version 1.1 patch & Lﬂ%}m’?ﬂﬁﬁmiﬂﬂﬂﬁuum‘ﬁﬁﬂ photodiode array (PDA)

wazuwAUam3uuU uncoated INAFUKIGUENIN 50 tm €17 30.2 cm

qmﬁm%i’u“i‘agﬂ HaZEITNINTFIY

mﬁwméu’%agﬂ : SDS-MW analysis kit (Beckman coulter, USA) UsznaumelUsiugeda
mmgmﬁﬁwum‘[uLaqasz‘mfw 10-225 kDa uag internal standard (IS) 1@ 10 kDa, Gel buffer
(proprietary formulation, pH 8, 0.2% SDS), sample buffer (100 mM Tris-HCI, pH 9.0, 1% SDS),
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acidic wash solution (0.1 N HCI), basic wash solution (0.1 N NaOH), 2-mercaptoethanol
(BIO-RAD, US), DTT (GE, US), iodoacetamide (GE, US), milli-Q water
AINNIFIU : NTNINIFIU mADb ez G-CSF nnuIen= pjmﬁm&’aasiwwﬁﬂﬁgu 9

RLEAN

daddmdumanasauanugndasrasisifluaniiiogiansinm 2 ngu #o mAb #ila A
%ﬂNﬁ@lﬁnﬂLﬁaﬁﬂaﬂﬁmegﬂQQﬂﬁ]ﬂuN (mammalian cells) wdz granulocyte colony stimulating factor
(G-CSF) Anaann E. coli 1 1 5iin MIUMTATIFBUANNYNABIYDITD

¢aeN mADb %l B uaz C %ﬂL’fJum%ﬁmqLﬁami%'nmﬁdqmamﬁaﬂiznaumi?iyuml,ﬂﬂum

MILAHIANAIDE N
L3 INAIDEIIUAZEITNINIFIULUENIZ non-reducing
@eanasnasuuazaag N liivsinalusduaglugig 0.2-2.0 mg/ml 678 sample buffer
L@ IS U311as 2 ul uaz 250 mM iodoacetamide U3anas 5 pl aslumaeeuunes 95 ul ﬁﬂﬂﬂuﬁqmw{]ﬁ
70°C v 3 i i liliuiigamgiiiennu 5 Wil feunmanadeu
3aNAIBENUAzEINNMIgIUIUEN I reducing
@oanasanasgiuuasiad liiusinalusiueglugig 0.2-2.0 mg/ml di8 sample buffer
@u IS USun@s 2 pl uaz 2-mercaptoethanol Usinas 5 pl avludmaeeusines 95 ul ﬁwlﬂﬂu‘ﬁqmwgﬁ
100°C U 3 W7 é’?ﬁﬁqlﬂﬁ@uﬁqmwgﬁﬁmmu 5 17 NAUINMINAFaU

5IATIER

ihasmethwuarasnaspuieienl] darhieias CE sunaumsusnansues CE-SDS Usznau
sramsamaluanalusiudsanusouluamwild SDS nntwhluhuueilaa3losiigehenTustuii
ihwiinainasyuluzng 10, 20, 35, 50, 100, 150, uas 225 kDa uaz 1 IS munawiinluana 10 kDa i
Tushaghatiialy mobility marker Tagfldnizanaaiss (m5i 1) wazdwneilogldlusunsu 32

Karat Software version 9.1 patch ttaz PA 800 plus Software version 1.1 patch

MINN 1 dazeeaaiad CE nlddmsviesiz CE-SDS Tuauaaumsimauiuaaueig g

step# event value duration comments
1 rinse-pressure 70.0 psi 3.00 min 0.1 N NaOH rinse
2 rinse-pressure 70.0 psi 1.00 min 0.1 N HCI rinse
3 rinse-pressure 70.0 psi 1.00 min H,O rinse
4 rinse-pressure 70.0 psi 10.00 min SDS gel rinse
5 wait 0.00 min H,O dip
6 wait 0.00 min H,O dip
7 inject -voltage 5.0 kV 20.0 sec sample injection
8 wait 0.00 min H,O dip
9 separate -voltage 15.0 kV 30.00 min separation
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Method validation of CE-SDS for Identity and purity analysis of mAbs Titaporn Pootipinyowat el al.

MsmeanudnuraslusiuuazdSinasarsiwanzana B umMNe Ly
ABUMINAFDUANNYNABNBNSE ladnUSnaenurinduradllsiuuazUsinasa s 9
A o w a P a ¢ ' PP v v o A
NvNzaNanSUMIIANE logdeeiand mAb A Dlanududuaselisdui 0.01, 0.05, 0.10, 0.50,
1.00, 1.50, 2.00 Wa¢ 2.50 mg/ml wazinusmnasarsasannminzaslumsiiaineiss CE lagld mAb A

waLaImUIINASAAT 5, 10, 20, 40 LA 80 T MUAIAU

msnmaaumwgnéfawm‘i%’ (Method of Validation)
1. MINAFAUANNNILINILDAIID (Specificity)

1.1 309129 blank, blank fitiix IS, Tusiugredanasgu uaslusiiusdunasyuiidiu IS ud
Wisuiieuwaiile Lﬁa@mmmmsﬂumsuﬂﬂwmam'sxﬁﬁmuﬂ

1.2 37898819 mAb uas G-CSF ffiusinalusiulszana 1 mg/ml uazansunasgIuas
hathaiiu 9 fesanlagldane non-reducing uas reducing ud3suiiieunadile

2. PINAFAUANNTE (Precision)
2.1 MIIePzRT ety (Repeatability)

System precision 3t05L¥A0814 mADb lagnadaumadnia: 6  TasnagaumeluSuuas
dnME@eiu @uame MT uas corrected percentage area fignuwis LC, NGHC wuaz HC uaseuim
%RSD woaudazeniile Fadasienldannnh s

Method precision It@512%61881e mAb AAIINTIIY 6 Y90 NAFAUNENAE 1 ﬂ%ﬂ Tudu
wardn Mzt mudme MT uas corrected percentage area fignuwil LC, NGHC warHC uazeimn
%RSD woaudaziile Fadasienluannnh s

2.2 MFINATILHTIEIIU (Intermediate precision)

Juaszsidanthe mAb 5110 6 5 TeenagaumesSuduna 3 5u wazwdsuinienzdiuu
2 AU MU MT uaz corrected percentage area fignunis LC, NGHC way HC W 3 U uazeun
%RSD vasudazaiile dedasiienliannni s

3. MINAFAUANINAINUYBIID (Robustness)

3.1 Anwmansznuradiiaisy SDS-MW analysis kit Togdiaszvdag1a mAb 117
6 ‘?}}1 Togld SDS MW analysis kit 991174 2 'g'u MU MT ae corrected percentage area ‘VdiGT’lLL‘VilN
LC, NGHC way HC udl3auifisunaiilannmsld kit nedasya

3.2 Anwransznurasisiiawasurauallaa’ Tnedeeidotis mAb 110U 6 % AU
wadlaandsnuau 2 o muae MT was corrected percentage area fignuwii LC, NGHC uaz HC uda
Wisuiisuwaitldanmslfuatlaadnaaio

NMSNAFaUMBLEINETI mADb
a P o P a < Y ' a a o
IUAISVILDNANHUUIZANINUIFNDVBNNIBE N mAb %Ue B waz C naveatNalsznav
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mMsmenudaturaslsiiuuazUSinasasimanzandniun ez
Nnnmse3endoieliiiUsinalusiy 0.01-2.50 mg/ml wuhssnsaasianuine LC, HC waz

NGHC l@#anusuaanuduiiy 0.1 mg/ml guly (mwdi 2) LLamﬁaﬂ%mm‘[ﬂsﬁmﬁuﬁummgjwmﬁﬂ

iA@Y uines mAb Adadieiasnn 5 89 80 T wuhiienuguwesiaiindumudidu

wunu (Mwh 3) ualnngiiezas NGHC laawuamsiaas 20 Juniizuly
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Method validation of CE-SDS for Identity and purity analysis of mAbs Titaporn Pootipinyowat el al.

1. @aN¥NLIzEada CE-SDS

NNMIIAN blank wuhlififiadulnnguannniiazesansazas buffer uaz blank 7Ly
IS wuieras IS Unngdaau Lms@lﬂﬁﬂﬂiﬁuéﬁq5%16153114*71' 10 kDa %atﬂuﬁmﬁnimaqawm IS
(MWA 4 0 2 uaz @) wsunsanen IS avlulUsfuddenasgu wuhmmgwmﬁﬂﬁﬁumﬂq 10 kDa
gannsdilida IS (MW 49)

Tumsdenzvidede mAb #ia A fedenludnne reducing Unngitazes LC waz HC
LENDANMINAUBENY ALY (mwﬁ 439) uazluamie non-reducing ﬂswﬂaﬁml 4 intact molecule 284 mAb
#i0 A (MU 49) Tﬂﬂlﬂiﬁﬁﬂ%ﬂﬁﬂgLﬂulﬂmwutﬂmaﬁﬁwwuﬂ LLa:ijmﬂ’%amﬁﬂuﬁumsmmgm WUNA

Usngn MT ey

[
.

(N} blank
0.16] 18 k0a o

0.44) J
_' &Da (3) blank with intemal standard

0I0[, JI
{P) MW sze standard witnout IS
AU
008
0.06] {¥) MW size standard with
a s\
004 / \
e \
Tighcrain (8] WU nen-reducing condition
o0 reaw chain
f\
\
oo By '/
H"L %) WdU reducing condien

2 4 [ 8 10 12 4 16 18 20 2 E % F-) E
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MWA 4 Electropherogram 289 blank (n) wasuiiieuiu blank fihu IS (2) Tus@uadaanasgIun
Tsivdin IS (@) wazidin IS (1) Maee mAb 5iia A ludnme non-reducing (3) wazluang reducing (2)

({932 mAD #ila A wsz G-CSF ludniz reducing leaiisunuasunasgiu wuni MT
ARNNUFITINITIULUREINUNG 2 Blle (MWD 5 waz 6) Muaau wazlunsdidu IS aslualane azwuie
294 IS fighusis 10 kDa 1nass uazlaisumuiieuasssaiati

heavy chain

ligh: chain

Non-
glycosylated
heavy chain

il () standard monoclonal antibody

AU

0.04 m\pv \s (%) monoclonal antbody

0.01
{A) moroclonal antibady with intemal
0.00 fe 1 ~

[] 2 4 6 8 10 2 u 1% 8 2 2 2 % B k)
Minutes

79 5 Electropherogram mMs@nsANMNaWIzaadIdaInmIaene mAb #iia A ludn1g reducing
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t@2Inule electropherogram NAMUNINATINUIBING 6 AT (MNWH 7 wae 8) wazAmasina LC, HC

ez NGHC 289 mAb %410 A SI8M9Ka2a9a N Netssvnau Wunad 37U wazanuusuehnnmsie s

TaaiinIesed 2 au (5199 2) laeien % RSD isenin 3
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MITNY 2 MINAFDUANNNENINIY MAD FUA A LLASNIFIATIETHDINUNIIATIEY 2 AU

corrected

parameters migration time (min)
percentage area (%)
LC NGHC HC LC NGHC HC
repeatability (system precision) Average 14.35 17.66  18.11  34.07 0.44 65.49
N-=6 % RSD 0.14 0.12 0.13 0.05 1.97 0.03
repeatability (method precision) Average 14.29 17.62  18.13  34.56 0.44 65.01
N=¢6 % RSD 0.27 0.27 0.29 0.05 1.99 0.03
intermediate precision, Average 14.61 17.99  18.49  34.18 0.44 65.38
between-days 3 days N =18 % RSD 2.41 2.45 2.54 0.36 2.96 0.20
intermediate precision, 2 analysts Average 14.46 17.80  18.28  34.19 0.44 65.37
% RSD 0.86 0.87 1.01 0.39 2.27 0.21

3. ANNAINUBANIFIATIER

WansIadauANNmNUadislaamsidsuwlat analysis kit ulnd wuhuamsiensiaegn

2939 analysis kit agﬂumm‘ﬁﬁa (NN 3) d@ %RSD 28998 MT uaz corrected percentage area

Wpen 3

NAYBIMIATIVFTDUANNAINUYNIBLNBLUAsUBLATaans N WSauisunurady wuniezag

HC uaz LC $ia %RSD aanin 4 19 MT uag corrected percentage area (M1 3)

MINA 3 MINAFIUANNANNUYD analysis kit uazuailass PNMIATIEH mAb 5l A

corrected

parameters migration time (min)
percentage area (%)
LC NGHC HC LC NGHC HC
robustness ¢4 analysis kit Average 14.72 18.13  18.62  34.11 0.44 65.45
%RSD 2.65 2.71 2.87 0.18 1.83 0.10
robustness ¢ capillaries Average 14.76 18.19  18.68  34.32 0.44 65.24
%RSD 2.92 3.05 3.22 0.79 2.82 0.41

L319ILATILYAI981NA39N9 mAD #ile B war C oxndnMzuadls CE-SDS nlansiadauuail

3 2 %l 19 electropherogram @SN UEIULVILNZBIENSNIATIIU (MWD 9 Uz 10) wazaansamuIMsnn

LC waz HC (m'iw?'i 4)
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Light chain

10kDa Nom

heavy chain

() FMNATFI mAD LU
reducing condition

(1) F78679 mAb LUU

reducing condition

(R) FWNRTEFTU mAD LUY

-

LA

non-reducing condition

(9) F81i19 mAb LuY

non-reducing condition

2 4 6

8

10 12 14 16 18 20 2 24 26 28 330 I 34 36 3B 9
Minutes

MW 9 Electropherogram 28461088 mAb %iie B t3suiiisunuasanasgiu ludnne non-reducing
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condition condition condition condition
IgG LC HC IgG LC HC LC+HC
mAb #1ia B 27.10 15.16 19.09 97.45 31.47 67.46 98.93
SD 0.03 0.04 0.05 0.29 0.05 0.04 0.01
% RSD 0.10 0.23 0.26 0.30 0.16 0.06 0.01
mAb #iia C 27.61 14.91 18.81 91.69 33.44  66.21 99.64
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M3ATIAFDUANNYNA B92aNITIANH CE-SDS # lanaaasldannzaaddfauinuienguae
o P 191 v Y_(16) P & a o a

130938 lAATIRFBUANNYNABILAIY (MNTNN 1) INNANNENILWATIINT AB 30.2 cm UALAMNYH
shusumazian SDS Auluanaluséiui 70°C wiu 3 i wahila lviaes 9 meaddmanzan Jelanvue
Wuaameasuieldlumsanmaseil warld 1S aalulusivanesgruring 10 kDa Wudmisimsiedsui
(mobility marker) tNaANNYNABIYBIMIBEIUAINIMTNINDNAVBIGIDEN

NnanaassmnUsunalusiuimansauiamssumadalumsiwsed wuniinees NGHC gl
Usmnanieaazusnngliiiuiialdanudnduresllsiudiageniud 0.1 mg/ml (mwi 2) asnuduiuen

vy v & A Py o o ' A A ' v v A
ANNNTuINganInzanlumseIaNmaENLazia TN log savanNNTuaelysdundn
1 1 Y v = ' = I v pa] N~ U
wunmeNunullsiusEnin 0.1-2.0 mg/ml ns1iduduass (mwi 2 lunsav) uaasldiuneny
wnduludnminsandmsumsiedanmagnaiiamsia i’ uasnnmamaassndinesansiunzas
nsUMANLANElanaasidadiate mAb wie3es CE-SDS Uurina 5-80 ity wuhanngs
o A d o o ] a A v oA ~ p S A A o

YNNALWNAUMNIOU (MWD 3) ﬂsmmwuaﬂ‘nq@u,a::ﬂ'img]wmaq NGHC naunsauaaiu@aa 1n1sae
20 N7 fenuRemMuruaeNuENTulUsAuN 0.2 mg/ml uazUSinasmsdass 20 i lumsasiadauanu
9nAasuaIs CE-SDS 1

KA SNAFBUFNNIZYBNNMVPUAL IINATNANNTIINE ANNTEN WAZANNAINUYBIISBENIWINEN
snsausnlusfusnaspruniisnaluanaluzie 10-225 kDa 166 ia3a9z1ieate mAb (MW 4 3-2)
Tuaniz non-reducing tWaqlutanaziin monomer 2pupudvaduasludn1Ie reducing HiMIAA
logalWduaudluluanavaudvadiiiauan LC uwaz HC wuhiimsuenzesluanan 2 siielumumniai
Foruminmsmnsousn NGHC la (mwdl 5) diadnnzilesld G-CSF Failulusiumadeniminluana
Uszanm 18.8 kDa uazlaifiiheanaludiudsznau Tuaniz reducing wuhuaasmaiuluanalsiiv
MadgnaNysel (MW 6) wamsnagauaNNNlUTUGMILAZIENINIY (MWD 7-8) UasHAN
1UNIAeY 2 aule % RSD 289 MT wag corrected percentage area Wagn 3% mMunmuua®

Uagdunonalinansenuaeid Ao analytical kit (HaIInMTIANLHUALATIADILANAS (0.2%
SDS gel buffer) GanuauMWIBIRaLAazJULNAzUANGNAUENTBY uaaliiansznUaaANNgNABIYaY
HaILAzd uanMnilgannaasualaan3niienuddydanisuenaslumstiaUszgfidantanauun
muluwasie Wisnaasssdzuaatazraualamsnunanmeredds CE-SDS # fanuamu (a5199 3)
laen % RSD w89 MT uae corrected percentage area Uagn™ 3 laawua) MT a9 HC waz NGHC
Walldsuuallamnsazlie % RSD wnant 3 wiieaidniias

Waneassldanmzidnmnilinnegaudiatne mAb #iia B uar C Faudu IgG1 fnwinluiana
aglud9 140-155 kDa waziinamavuluana HC (2wi 9-10) wamsasratanansallasldaniie
non-reducing 16 MT @590 UMUnNzaaansanasgIu waz linu aggregates 1o 9 iavnmsieseiluanniz
reducing sansauan HC Tugu glycosylated HC aanann NGHC lg i MT 283 HC waz LC asifu
IUMINYBNEITHINTTIU MM IANWIMUTIULNGENS monomer 2a9UaUAUBA WaskaTINUFINM LC waz
HC 2239Magand 2 NUNAMINANT 92% waz 95% auaau (a51ei 4) Falluldamudamyuazasen
19 2 %l (specification) Ngjn@amvualilumspedunsideuen 35 CE-SDS fimwueauiiihisnldiu
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Method validation of Capillary
Electrophoresis—Sodium Dodecyl
Sulfate for Identity and Purity

analysis of Monoclonal Antibodies

Titaporn Pootipinyowat Wichuda Jariyapan and Saiwarul Jadoonkittinan
Institute of Biological Products, Department of Medical Science, Tiwanond Road, Nonthaburi 11000,
Thailand.

ABSTRACT Capillary electrophoresis—sodium dodecyl sulfate (CE-SDS) is a qualitative technique for
protein analysis and is widely use for separation of protein by molecular size. This technique is increasingly
applied to analysis of biotherapeutic products derived from biotechnology including monoclonal antibodies
(mAbs). This study, validation of CE-SDS technique for identity and purity analysis of biotherapeutic
products was performed by using Beckman PA 800, capillary bare-fused silica, SDS-MW Gel buffer with
photodiode array (PDA) detector at wavelength 220 nm. The results showed that it has high resolution
for detection of product — related impurity such as non-glycosylated heavy chain: NGHC. The obtained
data has specificity and precision related to standard criteria as shown that the RSD of migration time
(MT) and corrected percentage area of light chain: LC, heavy chain: HC and NGHC were less than 3.
The robustness was also determined by using new lot of SDS gel buffer and capillary in analysis. It’s
found that only %RSD of MT of HC and NGHC were slightly exceed 3 when using new capillary. This
method was used to analyze 2 mAb samples, the results were correlated with results of standard
material supported that CE-SDS is suitable technique for using as standard method for identity and
purity analysis for quality control of marketed mAbs in Thailand.

Keywords: CE-SDS, monoclonal antibody, biotherapeutic products

'J']ia'ﬁﬂiﬂaﬂﬂ'lﬂ']aﬂ{ﬂjﬁuwwfj..5"'7".\._
aay o o o L
Uh 56 aUUN 3 NINHYIPN - NUBIYU 2557 ~ =






