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Abstract Determination of sildenafil in tablet formulations using high performance liquid chromatography
method was developed. The chromatograph was equipped with PDA detector at a wavelength of 254 nm.
The analysis was performed on Hypersil Gold C18, 5-um, 4.6- x 150-mm column by isocratic elution using a
mixture of methanol and 0.01 M ammonium acetate (60:40, v/v) as a mobile phase at a flow rate of 1.2 ml
per minute. Validation was conducted according to the ICH guideline Topic Q2(R1) Validation of Analytical
Procedures. Specificity indicated that sildenafil peak was not interfered by its degradation product peaks
from any stress conditions. Linearity was demonstrated over the concentration range of 0.15-0.35 mg per ml
of sildenafil with correlation coefficient (r) equal to 0.99999. Recovery performed at three concentration levels
of sildenafil were in the range of 80.0-120.0%. The percentage mean recovery of sildenafil was 99.9 (%RSD
= 0.2). Precision was achieved as repeatability was 0.2% and intermediate precision was 0.3%. The method
was robust when HPLC conditions such as the HPLC column, the ratio of mobile phase, the column temperature
and even the flow rate, were changed. This method was successfully validated and useful for the quantitative
assay and quality control of sildenafil products under the project “The Quality Assurance of Medicine for
the Universal Health Care Coverage Scheme  in fiscal year 2560.

Key words : sildenafil tablets, HPLC, method validation
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UnAage 33 TasinTnnsilsiaveunaiss “niam mqﬁﬁmuwéﬁu mSUAnTzHUTI sildenafil JUuDY
vufia Usznoudleneduiivia Hypersil Gold CI18 VU1 4.6- x 150-Haawas vueeynn 5 Tulaswas 13
azeAINY5znoUAIY IUN UYBY methanol AT 0.01 M ammonium acetate 1USAI1 U 60 : 40 lpg
Sas dasimsIvnaves 1sazanedam 1.2 Jaaansaeuifi as193adieniensiviaria PDA finnwen
adu 254 wTuwas auiiumsas PUANNYNABIVBIITAWLUINIYEY ICH-Q2 (R1) WUIIATHANUTUWIE
zae INUMSSUNIUMIINIZEIN 15 a10§1ee sildenafil MAAMINMEIEE aedadie a1z I
A *uasalugig 0.15-035 Taaniudedaaans laom “uilse nd W “wiug (Correlation coefficient, r)
RD 0.99999 nsna puANuuLAANUEETY wszdnluTae 80.0-120.0% wuhAunAeTesazveans
ARUAUITIAD 99.9 (%RSD = 02) M5NA BUANUIRABIVEIITNL ﬂ'ﬁ'@ﬂazmaa@inﬁmmummgm “ims
NAMINA BuANIMINa1E Y 0.2 uath%'aﬂazmm@inﬁmmummgm “PRNFINMINA OV intermediate
precision 1Y 03 F3TAneHTANuNUdemInfAounlas anzanaiing ou A nedutl gumginedunl sas
"JUVDY 17ATAYAINLALOAIING IHAVBY 1502A1WAINT IANANITATID aummgn@’famaﬁ‘ﬁﬂa%ﬂﬁ%
ﬁﬁmméﬁu"lﬁ'mmgm wnsmhisainanllasninngdisu sidenafil jnuvendalulasims $andn
Usziugaunmiazinasgiuusmsaen Useiiihulszunm 2560

N

01 sildenafil {3nuwsnareludonsf Viagra® Taserdandioon Wosnaraluil we. 2541 1fiitesnmn
Tsandou wssommmianalumeans dailuerlungu Phosphodiesterase-5 inhibitors (PDE-5 inhibitors) i
Tase Hramdnmilu heterocyclic nitrogen-containing double-bond system ‘?Qﬂﬁﬁﬂﬁ}‘u purine base Tulnse $e
409 cyclic guanosine monophosphate (cGMP)(1) $amwii 1 v‘iﬂﬁ'mmjufié’m]zqmu'l%ﬁ PDE-5 lu@wuimia
1820 cGMP UUDLAITU (reversible competitive antagonist) Famstuda PDE-s vzl ludmsshats cGmPp
1l msvoveasaideauaaaziden liaiii Ul corpora carvernosum 1niuifansudedivesena
auan awilszmAnzning s 4 309 e1nAuTey atiui 35 4o 1 Saerlungu PDE-S inhibitors 15y
naunuieE3) dodlinoldnmsquaveaunndvie J’a%'miﬂﬂuw1/1fﬁvinfuuaﬂuﬁﬂﬁﬂmﬁﬂumGmﬁ WA 2559
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analytical procedures: text and methodology Q2(R1). Geneva: ICH Steering Committee(4) (ICH-Q2 (R1)
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Sildenafil

I I

cGMP

N1 Tase 1amaniiveten Sildenafil 1ag cGMP(2)

% Aas
3 AUASIBNI

A A ¢
!ﬂiﬂﬂuﬂ!!a$q1jﬂim

1. High Performance Liquid Chromatograph (HPLC) with PDA Detector : Model Waters 2695-1996-

a o o
Empower WafinUNUYDI Waters, Millipore Corporation, USA

2. High Performance Liquid Chromatograph (HPLC) with PDA Detector : Model Agilent 1100 Series

a o o
WAANUNUDY Agilent, Germany

3. Analytical Balance : Model XPE 205, Mettler Toledo, Switzerland ANNAZIBEA 0.00001 AT

Model MXS5, Mettler Toledo, Switzerland ANUAZIBEA 0.000001 DTN

Model MS3002S, Mettler Toledo, Switzerland ANVAZIDEA 0.01 NTW

4. Column : Hypersil Gold C18, 5 mm, 4.6 x 150 mm
SunFire C18, 5 mm, 4.6 x 150 mm

5. 1A509R) class A
6. Nylon syring filter 0.45 um

1NN
Sildenafil Citrate: DMSc

151A3
1. Ammonium Acetate : AR grade
2. Methanol : HPLC grade
3. Water : High Purity

GRLIK

P < A a o 1
AIVYNYUNA sildenafil YUIAANNLULII 100 WDANTUADINA

Y J A Ao o @ [P= Y] . . aAaov Y a
Placebo U5znoudlvesnlsznavaunilu LATANTY Iﬂﬂ‘lllllﬂ?fﬂ sildenafil MNUITHNHWAN
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Column - Hypersil Gold C18, 5 mm, 4.6 x 150 mm

Column temperature - 30 °C

Flow rate - 1.2 ml/minute

Mobile phase - Methanol : 0.01 M Ammonium acetate 60 : 40 (v/v)
Detector - PDA 254 nm

Injection volume - 10 wl

0.01 M Ammonium acetate solution
(CH COONH : 77.084)

a2a18 ammonium acetate UL 0.77 ATY Gl“Ll‘LH 1000 Naaans

Standard solution
v v v
@ a a o Y o Ly ]
FI 15MAIIU sildenafil citrate Uszaa 5 Taansy (inwihwiniuuuey) adlu volumetric flask
VWA 20 Uadans AN mobile phase Yszansr 15 Tadans Wwe1IUAZTAWHNA 13991948 mobile phase IUATL
UT11AINT0IULHLNT B nylon V1A 0.45 TuTATNAT
Sample solution
v & o < = < Y o . . . a a o Y
FULASITIUIY 20 1A UAAZIDEA TN 1WA sildenafil citrate Uszua 50 Uadnsy (Ivinsw
Y [
minfmiuey) aaly volumetric flask YMIA 200 Haaans AN mobile phase Usvanar 150 Haaans vl
WEAIBIATOUVET 15 U 13991938 mobile phase IUATVYTNIAT NIDIWMIULWUATOL nylon VWA 0.45
IuTasmas
a d
MIUNIZH

° . . A a 7Y an v =
U1 standard solution LlA¥ sample solution lRaTnszae3% HPLC meld azamasan 1

NN aummgne’u’awaﬁ%‘imiwﬁ (Method validation)
1. MINA BUANUIUNIZINIZVIVDIID (Selectivity/Specificity)

Standard solution : %3 1509591 sildenafil citrate U5zana 5 Jaansuy (Gl,ﬁ’mwmfmﬁﬂﬁmiuau) aalu
volumetric flask YH1A 20 JAAANT AN mobile phase YszINA 15 Tadans WE1IUATAIHUA 13DV1AIY mobile
phase UATUYTUAST ﬂiawhmwiunim nylon Vi@ 0.45 1ulasns

Sample solutlonl G]N placebo °l‘nuumuﬂmﬂummuumuﬂm’Jaanﬁumm sildenafil citrate Uz 5
Haansu (“1wmmumuﬂmmuau) a3lu volumetric flask YA 20 UadAAT AN mobile phase Uszum
15 fadans 1 lwdridrenioandr 20 11T 159919870 mobile phase IUATUUTINAT NIBIHILLHLATEY nylon
vina 045 Tulasmes

Sample solution2 : "]i’lﬁ placebo 1ﬁjﬁ1§1ﬁﬁﬂ1ﬂglﬁﬂﬂ Sample solutionl AL 1TNWIATIIU sildenafil citrate
sz 5 Haansu (Gl,ﬁ’mwmfmﬁﬂﬁmiuau) 231y volumetric flask VU@ 20 UAAAAT AN mobile phase

A aa ° vy 4 ' ] A ' '
ﬂizmm 15 yaaang m‘lﬂvuamaam?aumm 20 ‘N"Iﬁ !%ﬂﬂ1\1ﬂ?ﬂ mobile phase i]uﬂi‘U'llﬁNWGIi NIDINTUINUNTD
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nylon ¥11a 0.45 lulnswas
Stress test : 44 15UINTFIY sildenafil citrate Uszuns 5 Haaniu (“lﬁ'mmfmﬁﬂﬁmiuau) a9l test tube
Wnmly awdalu nnz@haqwﬁqmmfu pipet mobile phase 151103 20 HadaAs adlu test wbe WE1AU
ATAONNANTOY 150YUHIUIAUNTEY nylon YU1A 0.45 TuTnsiuas
mawmmmwﬂmﬂﬂmﬁ ABA(S)
- Moisture : @1 23 vea W ulshAunazih i ¥ Zeurszna 80 °C nat 6 $1Tu
- Temperature degradation : 11 11/¥1#Zeuals2ana 80 °C a1 6 $2Tua
- Oxidation : 1A% 3% hydrogen peroxide 2-3 %oa W Wlmdiuuaziih v lddeuszana 80 °Cc
35w
- Acid hydrolysis : 1A% 3 N hydrochloric acid 2-3 oA # ulvfitndunaziilihlnFeutszana 80 °C
na 6 $1Tua utaniiiduna1sdis Sodium hydroxide solution fouRaAKh HPLC
- Basic hydrolysis : Il 5 N Sodium hydroxide 2-3 ¥ioa 1 ulvfishAunazii 1 Ideudszana 8o °c
na 6 $1Tua utawiliiduna1sdas hydrochloric acid solution RewRA HPLC
_ Photolysis : 11saee1alimen aTasnaldvasarigoos wudwianlar 8 527
- Blank 1M5UNA OUMSITING a10AIUD9E sildenafil citrate 14 1122 oxidation, acid hydrolysis (lag
basic hydrolysis ta3ouloudumimisuming euluuday angdenan ondulil ' suasgu
MIAANEH
11 standard solution, sample solutionl, sample solution2 18 standard solution ﬁgﬂﬁ'ﬂﬁ/ MeAINY ANIZANE
13a3n5127@203% HPLC meld nzaumsad |
NUNMILONTY
Peak ¥04 sildenafil liignsuNIUIN peak 9uq Tagiinsan 1nA1 resolution iifesndn 2.0 waz peak i
AMWLS N3

2. M3na auniu “unsawezy19ms NN (Linearity and Range)

"]N 13U U sildenafil citrate sz 100 aanswy (lemmumuﬂmmuau) aaly volumetric flask
VWA 100 Jadans 1AY mobile phase Uszana 70 HAaAT 1VE1IUATABYNA (39919A28 mobile phase IUATY

Y
5103 90U pipet  15azawaInandTingg 3, 4, 5, 6 uaz 7 ml uenl ‘a9lu volumetric flask YUIA 20 ml
Y5u151195428 mobile phase F9zld 15azaroAsgIN 5 Anuwuduldun 0.15, 0.2, 025, 0.3 WAz 035
v
mg/ml MIAFY MMIATEUANUANTUAZ 3 $1 ATBY 15ATAPFIULHLNTEY nylon V1A 0.45 TuTATuAs
d

MINAIH

o . ogj Yy 9 A a dY an Y a

11 standard solution 14 5 ANWYNIU URATATIZHAIIT HPLC meld Aazaiwasen |
MIMUIN

o 1 A Aqyu Ay ¥ a X ' 9 ] ° ' a o

WAmNuinld peak 711@91nN15RA standard solution UAAITAUANWINTUINMUINMIAURABLAZ I

) v o ¢ ! v 9 A A dqy Y o v '
T Hensmany “wiussenianudutiutazaunasueaiuild peak udrmuiwm ums “uase ArnNwy
" a & v o &
aaveavens v (slope) tlaga W52 NS 1 WU (Correlation coefficient, r)
d [

INUNMILONTU

"o a v o ' '

A WYsE NG 1 U (Correlation coefficient, r) lirfesnin 0.995



6 15615181 UN 23 AUUN 1 NASIAN-LN¥I8W 2560

3. MINA BUANWIY (Accuracy)
Standard solution : 1938UMIOURUMIINT N standard solution TUHITEMINA DUANUIUINIZIILIIVDIID
. ' ama 7 . = o Y 9 A
Sample solution : NA DUANUUNUYDIITUATIZY IAUMT spiked placebo N1 3 FEAUANMAINTUAD
' v ¥ '
0.2, 0.25 uaz 0.31AB%4 placebol¥tiinviiaieuMALINHITARI9619N A0 sildenafil citrate U3zanm 50
maﬂm (1%%31uumunmmuau) 1Az 13TV sildenafil citrate Uszanas 40, 50 way 60 Haaniu (v
mmumuﬂmmuau) a9lu volumetric flask YW@ 200 HadAAS 1A mobile phase szana 150 Uaddas
i hgrdrenToadr 30 1R 39919820 mobile phase 3UATULUTUIAT NIOIHIUUAUNTOS nylon VYUIA 0.45
Y
Tulaswas Mmsna suaNuNTUaL 3 9
a d
M5 INIITH
o . . o 1Y Jy 9 a a JY Aax Y
11 standard solution U@% sample solution W4 3 srAvuANMTNYUIURAIATIZHA0IT HPLC aeld
AITAUAITIN 1
MIAMUIN
v
AWK %Recovery Al
Ysmar 13713n 5121 111 Spiked placebo

%Recovery = — - x 100
USuar 15neuaslal

d U
INMANNTHONITV
Aundssosazveamsnauiueglugae 98.0-102.0 naz %RSD limnndn 2.0

4. MINA dUANMTNYY (Precision)
4.1 anumudnle (Repeatability)
Standard solution : 19138UMIOUAUMIING N standard solution TUIHITEMINA DUANUIUINIZIIZIIUDIID
<3 o < o @ a a o
Sample solution : VAIATIIIUIL 20 1A Faraen 1A sildenafil citrate 1J5zana 50 daansy (4
mmmwuﬂmmuau) 231U volumetric flask UU1A 200 Uaaans AN mobile phase Uszana 150 Uaaans i
Nahwehdreinsoaue 15 1di 159919878 mobile phase MATVLTINAT NTOINULNUATOI nylon VMR 0.45 T TATInT
Y
MMINA DVIUIU 6 9
a d
MIIAIISH
o . . a Y  ax Y A
U1 standard solution @& sample solution “l,ﬂ’J!,ﬂiw‘Iriﬂ’JEJTﬁ HPLC mMold Azauasnai 1
MIAMUIN
MUIUYTUIUAH UV sildenafil JUUAAZAIDENE MUIUAIRAYTIUADHUIBIAZAMUIUAT relative
standard deviation (%RSD)
d v
INUNMTLON5Y
fN relative standard deviation (%RSD) Tynnni 2.0
4.2 Intermediate precision
o a VA o R, A v a ¢ o Aa ¢ A a4
AUTUMING DUFALITUMING BUANUNIUG 18 Taen)deuiindngizy TunInsgy taziasosiien
a s ° ' { a ' ' ° '
193105129 (HPLC) mudaanaslSunaaoniiieves sildenafil (azfmuIaia relative standard deviation (%RSD)
d v
INUNMTLON5Y
1 relative standard deviation (%RSD) ‘lijlﬂﬂﬂ’j? 2.0
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5. MINA DUANNNUVBIID (Robustness)
= ' a 7 a ' A v ¢ o
ﬂﬂ‘}_«lWNaﬂizVI‘]JG]fJf’ﬂﬁ3!ﬂ51$ﬂ81ﬁ11ﬂﬂ1§!,ﬂaﬂu!,l,ﬂa\1 ﬂTJ%GlN@]ﬂlﬂﬁiz'ﬂ‘ﬂiﬂiu?j'ﬂﬂi?ﬂ D ADANY BNIN
' Y a o 4 o @ a d 1a
AUUDIY 170818 AIN qmwgmmﬂaanuuazamwmi‘lwamm 13021 AINT Tﬂﬂ?lﬂﬁzﬁﬂiu?m sildenafil
< ' o ' A I y '
gﬂuuumma"lu NITANPINANT Lmzﬁﬂmwwammmmmﬁm%ﬁwaﬂiwummmmmz IARIRNEEA TN

TasuInn3519 195U retention time, tailing factor, theoretical plates 11/381NeVAY ANIZHANVDIIT
g p

6. msdszdiumanylinyveuveansin (Measurement uncertainty)
A v 3 A o Yt A " o o
e lvhilu lawanassiu 1SOEC 17025:2005 fimvualdiimsdszdumanuliuiveuvesmsia 6

v
@

=2 dyﬁ o a ' 1 1 a J o =< <K U ] ]
‘L!‘L!Gluﬂ'liﬁﬂ“ﬂ'lLli]Q“ﬂ1ﬂ']ﬁﬂi%lll‘Hﬂ'lﬂ’J'llIvlllL!,uu@uﬂl’f)ﬁﬂ']i@]ﬁﬁi]ﬁ]lﬂi']%ﬂﬂ'l Iﬂammmgmawmmm“lmmuau
' I a 4 ] ] a <Y [ a
NnUyvial uamﬂu“lﬂmmmmnmiﬂizmummm"lmmuaummmimammﬁwmumuamqu NAA(6,7) ANV

T o & o e A (a v A v

hlllL!uuﬂuﬂlﬂ\iﬂqﬁjﬂlﬂuﬂ']i')u"uﬂQwaﬂﬁgmﬂﬂ\iﬁuﬂﬁﬁﬂﬂwamﬂ 'ET]JLGK\T]Jﬁll’]miﬂmlﬂﬂQﬁu’]““ﬂﬂﬂj’]llvllll!uuﬂu
a ¢ |a 2 A o o &

61]@\1ﬂ’]5')£ﬂi’]$ﬁﬂiinm sildenafil qﬁ]ﬂll‘ﬂ‘ﬂﬂ’lu\lﬂ W%’]jm’lvlg{inﬂ M@]iﬂWUjmﬂ\iﬁ

USuna sildenafil (JaAnTUABLIA) = A, x Wi, x P x Vy, x 474.58 x Av.Wi/tablet

A, Vy, 100 666.70  Wt. taken
dy Hq g . . @ 1
A, = funlddia sildenafil T 1592019810619
dy AqQ YA . .
A, = Wunldna sildenafil lu 13azareNIATgIU
Y
Wi, = NMWNUeIAIIAITIY (Hadaniw)
Vs = Volumetric flask YU1@ 20 Uaaans
J
P = ANMWDT NFUBY 1IANTTIU (% purity)
Vano = Volumetric flask U119 200 Haaans
Y
474.58 = dmiinTuanaves sildenafil
Y
666.70 = dmiinTuanaves sildenafil citrate
Y I = o
Av.Wijtablet = 1wntinmagaeia (N5y)
Y ! a ¢ o
Wt taken = mdameennlFlumsinger ()

Wa

1. MINA BUANUIUNIZINZVIVDIID (Selectivity/Specificity)
Y A o 1 = . oA a ~
Mala ﬂTJg"’U@\ﬁKU‘UTﬂﬂHIVIﬂﬁW\IVIWGJI‘LH"UHW‘]JW‘F]"U?N sildenafil N5z 6.0 WIN (NN 2)

Sildenafil Citrate - 6.001

—— —t— —— 7 T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

MNA 2 Tasun Inunsuved 13a2PNINITIIU
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Tasmsina placebo, diluent llag sildenafil citrate e

Y a @ 1 @ . . . ! . - !
TRams awdafl azaee WSeufendy 1sazaenasgIy sildenafil citrate WUAAYON sildenafil 1]

A0IUNIUDIN diluent LA placebo Aamni 3 (A) o 3 (O

WATOUEN 15 AI0AIVON sildenafil NNANST

g R . . = . LMY CE . "o
[YAIN N1IT oxidation LAY ac1d hydrolysis D9NIINNAVD sﬂdenaf]l JEGTAR HYTUAIYAT resolution NN

@

7.6 uaz 150 MNMAL mmwm 3 (G) uag 3 €)) ANAIAL 1/] NIY moisture, temperature, photolySIS uag

basic hydrolysis GliTﬂ‘hIW‘]J ERGRLLGE! GNIHW‘I/I 3 (D) 8 3 (F) uag

nN1Ina ’éJ‘Uﬂ\W]”IiN‘V] 2

3 (H) WAVDY sildenafil V3 q‘V]‘ﬁ‘I/Jﬂ e

1 {
(A) (B) (©)
1" v |
i} 1 1] .
] " g
] { i :
i H ] H
" L s %
{ | ] H
i H { !
. e i —
I T T T T I T T T " " " % M & W 1 wm aw  wm sm Wn 3%
e e -
) 1 P
1 1 1
| | |
I | {
B (D) »l (E) w ( )
| 1 i F
} 1
) ] |
| 18] #
5 1 308 1
1] - i i ] o
1 ° : @ . e
| < 1 - i 4
} H 1 1 I
] ; ] ! | i
I 0 ! ol g
o : = M Ll 3
1 L] | i ! .
iy ) w = - Tx 1
A T T i @ @ @ %m 9% %E % um | sx & M 3 B B % o W ¥R us 3
e - e
1 b vl
1 1 ' 1 ( )
|
Xl k] | 0 |
N
g ; g : g (F
0 ‘ [ 0
y ' u 1 1l i
] N
i ¥ | % 0 %
o s H e H
L] “ 0 " 0
14 v ) :
i [ g ' | § ng g i
¢ g
BN R [
) A i A [\a i
g ISt u T ot w 1 it
—_— T — e
0 P A 60 8 (A V1 1} o '1 S ] mw glil (1] 1] 1m0 M0 N N MWes 0 m n 600 (1] L) 1. ] 1600 oA
s Y s e s

Mun 3 TasnInunsuuesdimazatd (A), placebo (B),

151059 1U placebo (C),

TSNWlijjﬂ!Glu N

3al¥iRaMs aedde moisture hydrolysis (D), temperature degradation (E), photolysis (F), oxidation

1a¢ blank (G), basic hydrolysis 8¢ blank (H), acid hydrolysis ti6g blank (I)
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M3N 2 1 A ﬂ??%ﬁﬁﬂyﬁ]ﬁ YAV sildenafil 1A 15 AWAINATIVNL

Retention Purity of sildenafil peak Match spectrum of sildenafil
time degraded
PDA PDA PDA
Stress condition degraded |substances| Purity Purity Purity
match match match
substances (%) Angle [ Threshold Flag
Angle |Threshold | Flag
(mins)
Moisture ND* - 0.032 0.254 no 0.035 1.012 no
Temperature ND - 0.035 0.249 no 0.033 1.012 no
Oxidation 4.05 8.06 0.034 0.253 no 0.031 1.013 no
Acid 2.06 4.82 0.033 0.254 no 0.033 1.013 no
Base ND - 0.033 0.251 no 0.032 1.013 no
Photolysis ND - 0.035 0.250 no 0.041 1.013 no

*Not detected

d
2. anuili “unsaazy19v09mIVATILH (Linearity and Range)
4 v 9 Y o o '
o 13azaomIaTgIn 5 anwdudu laun 0.15, 0.2, 025, 0.3 waz 035 mg/ml AWMLY WUN
o o ! y v A dgya Ao % v , Yy 9 da ¢ -
AN MWUTTEHINA Nt NTULaz iR ldNalanyaTu “uasinaear A NNIINIURBATIEH  Tagdl

Vo A o v o " w {
A WY52 NS ¥ WWUF (Correlation coefficient, r) 11AU 0.99999 (NN 4)

4000000 -
3500000
3000000

2500000 -~

lavin

2000000 -~

i

w
4

1500000 —
y=1E+07x - 2997.

1000000 |
?=0.999979
500000

0 T T T T T T T

0 005 01 015 02 025 03 035 04
ANIIALBITamila Fain (laansuMeiladans)

]
=1

A v o & ' Y v & Y . W
MNUN 4 AN UNUTITUINANWUVNVULASWUN LANAVDY sildenafil citrate

3. MINA aummmmuﬁu (Accuracy)
a A a . . A o Yy 9 A g
WAINNITRA 170201y placebo NnAaN 19NATZIU sildenafil citrate 1 3 FLAUANUVNUY AD TD8QL 80,

100 tag 120 1 ﬂ\if’h%)ﬂﬂaz"llﬂﬂﬂ?iﬁuﬂﬁﬂﬁﬂ@ni%ﬁﬁ 3
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M3N 3 1L AIWANTNA BUANNLLY (Accuracy)

sEAUANUATNTY s s )
($ovazveenny 13IRTgILTHY 13IAITIUA mﬂjz . Aundv | %RSD
Wutuiing o) (Haansu) @3N (laansu) voanRnay
44.57 44.66 100.19
80 42.14 42.12 99.96 99.98 0.20
44.98 44.88 99.78
52.00 52.03 100.07
100 50.68 50.69 100.02 100.00 0.08
50.93 50.89 99.91
60.98 60.82 99.74
120 61.36 61.33 99.95 99.79 0.14
61.93 61.74 99.69

AUNDETDIAZUYDIMIAUNGY  99.92 0.16

4. MINA BUANMNEN (Precision)

4.1 ANUNMUE1A (Repeatability)

WAMIAA 1502A18AI0819ANUTNTUTZNA 0.25 UaansuANaaans 1UIU 6 FI9819 TAgAUINM

a g Y VoA v o o {
ﬂiﬂJTﬂl‘Uf’N sildenafil ®19IUA Lmzmiaﬂazmmﬂuﬁmmummgm UNNT (%RSD) ﬂ\i@]"li?\iﬁ 4

A >y v
MINN 4 WaNITNa @uﬂ')’]ll‘ﬂ')u‘]ﬂllﬂ

§106haii US1al sildenafil (Taansuaviiia)
1 90.99
2 91.33
3 91.55
4 91.34
5 91.40
6 91.31
Lﬂalﬁl 91.32
%RSD 0.20

4.2 Intermediate precision

A a ¢ ' °o a o oA A A v a 7 a ¢ o A
LHDAUATIZTNAIDYN 1 LAINTY Tﬂmﬂaauuﬂm AUN ATOINDUAZUNIAUATIET WANITIAUATIEH AT NN 5
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M9 5 WaMsNa o Intermediate precision

518M15 U510 sildenafil (Taansuavifia)
na ou 1 2 3 4 5 6 may | %RSD | wmay | %RSD
Waasein 1 | 9099 | 9133 | 9155 | 9134 | 9140 | 9131 | 9132 | 020

A 4
TN 1

— 915367 | 0.32
NN 2 | 9151 | 91.82 | 91.60 | 91.65 | 92.11 | 91.82 | 9175 | 0.23

A 4
IATDIN2

5. MINA DUANUNUVDIID (Robustness)
as d' 1 a d a . .
N1INA aummwumm’Jﬂﬂmﬂaﬂuuﬂm ﬂn%ﬁNG]ﬂl’f]ﬁ%“]J‘UTﬂillﬂ‘VlﬂiW\l ’JLﬂiW‘Hﬂiiﬂm sildenafil
< { 1 @ T a Eal § [
gﬂu‘uummﬂﬁ NNITANAINA uazﬁnmwwmmaimmﬁﬁwamzmmammmmz Nﬂl’t’)ﬁ%ﬂﬂiﬂiuﬂ‘ﬂﬂﬁw

1% retention time, tailing factor, theoretical plates WToUNIUAY NNMLHANVDIIT HANTNA OUAIAITINN 6

M3 6 WaNINA PUANUNUYDIID

HAMINA BUANUNUYDIID
Azeeszuy Iasun Innsn Retention | Theoretical | Tailing | USinaFaaunila (laansudeiia)

time plates factor ﬂ'iméﬂ (n =6) %RSD

HPLC column No.1* 6.18 6609 1.4 91.32 0.20
No.2 10.95 6553 1.1 91.41 0.17

9aU¥IVe column (°C) | 25 6.72 5983 15 91.27 0.18
30%* 6.18 6609 1.4 91.32 0.20

35 5.71 7207 1.3 91.25 0.11

Flow rate (ml/minute) 1.0 7.40 7398 1.5 91.39 0.16
1.2% 6.18 6609 1.4 91.32 0.20

1.4 5.30 5982 1.3 91.25 0.22

MeOH : Buffer 55:45 9.99 7016 1.5 91.29 0.30
60:40* 6.18 6609 1.4 91.32 0.20

65:35 4.12 6255 1.4 91.25 0.38

e azndnvesszuulasin InannlfSeuineniondeunlas azaeg

6. msdszidinmanuliuiiveuveamsia (Measurement uncertainty)

malszfumany iniuouvesmsiavesising iz dumasiiuvosany liuiveudail mnmita
15U1ATIULAZAI00 1 w5oainialsinesily wtyigwtumsmaiﬁmauﬂ%qﬁamnfimﬁzﬁ ag AMNNIU
1180433 (repeatability) Wan3Vsziiuanulumiueuyeansasannzy  1aamanulumineumiiy
0.8520 wazAauliniveuves AssduanuEey 95% k = 2) AU 1.7% enansaninizrlsina
sildenafil Y 92.6% vosSaiinds duiuieroamamansninaziiy 926 = 1.7% veaSnauds
Fapsaii 7
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~ P o a s . . <
M139N 7 miﬂimnummm‘luuuuauﬁummnmﬁw sildenafil Eﬂ!L‘]J‘]JfJ']!,llﬂ

Standard uncertainty, Relative standard

Components Value, xi Unit
u(xi) uncertainty, u(xi)/xi

1. Standard
Wstd 6.270 mg 0.000000502 0.0000000801
Volumetric flaskstd 20 ml 0.067330033 0.0033665020
Peak area (As) 3035732 - 5123.6 0.0000168776
Purity - - - -
2. Sample
Av.Wt/unit 0.50991 g 0.000000794 0.0000015581
Wsample 0.25915 g 0.000007778 0.0000300142
Volumetric flasksample 200 ml 0.351188458 0.0017555942
Peak area (Au) 3247599.5 - 2711 0.0008347700
3. Repeatability 91.32 mg/tablet 0.745624 0.0081649750
Sumsquare relative standard uncertainty 0.0000846298
Combine standard uncertainty 0.0091994440
Standard uncertainty (Uc): 0.0091994440 x 92.62 0.8520837940
Expanded uncertainty (U): k = 2, 2 x 0.8520837940 1.7041675890
Report value: 92.6 = 1.7% la.

a d
V1M
A [ 1Raga 4 < . . o o a A o
iosnnda hiliiFaingrouda sildenafil Tudservesszna wigewim (USP 39) nie 13101904
o ° i Ao o 1A, ° o a s
Uszma ¥3weaning (BP 2017) niemenounsguuaidizma 336910035 masgu mSumsasnimie
@ U L!yo) [ o < . . A v YA A 9
odana1n uennniidalime 159nmnmuee il sildenafil NN lulszmalng Usznoududil uneddeslu
o ! { g . L v e o w o a Yo
MITANIIINT59N01U18A 1 NRDINITNTIVAMNINGT sildenafil A9tiu 1inewazTag wandelddadons
o ' 4 Y] ) o a Y o
aanaraufieasrguamlulasims Sunandsziuguanmuazmasgiuuimsaiver Uszaihulszana 2560
° o Aaxa s A o o '
HAZIMINAILIT AT WI935V TATINTAINE
ana g a . . A o = zsyd ax A a a £ v
BenTine sildenafil NWANAVVEADIT Insun Innawiiaveuriadlsy ninm alaeldnodun
¥ hypersil Gold C18 ¥ 4.6- x 150-Haamas vaoyma 5 lulaswas fguugl 30 osruwaido
o Y ' . o '
15821991115 2A0VAIY UK VU methanol LAY 0.01 M ammonium acetate 1UOATT U 60 : 40 lag
a @ o Aa aa 1 v Y 4 [ a §
151195 993103 [Maved 15azangdInn 1.2 Uaaaasaouli A393aa1einTe90I193A YA PDA NA11581)
Adu 254 wluwag
o A Y aga g a @ . . 1A
AUIUMIATIV BUANNYNABIVEITUATILHUTINWAIN sildenafil MWLUINT ICH-Q2 (R1) WUINTF
o [ a 4 @ { a
Hanusumzmizas lnumssunumsinsIzHan diluent, placebo LAY 13 A1WAIVOY sildenafil NNAIN
Ma3ald aedidie A1aza1ag 1 AT oxidation WU 13 @8f7 Lag sildenafil 71 retention time MR 4.1 Az

P
6.0 WM MUAIAY A resolution WNAY 7.6 Hazt@azNALANLT NT N NIZ acid hydrolysis WU 15 a10A9
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1ae sildenafil N retention time (NN 2.1 1AL 6.0 UM AIWAINY A1 resolution MAY 15.0 ugaziANANY
¢ v il
a = 1 1 @ 9 . . . . ' . .
U5 N5 19FN 15 a1eAImeld 7192 oxidation 18% acid hydrolysis 145UNIU peak VO sildenafil f1 N1
moisture, temperature, photolysis ¢ basic hydrolysis a5 liny 13 aeduay peak U®Y sildenafil Hanw
4
STERRTN
I~ Y 1 a 'd U = I~{ 9 1 a a o 1
MINa oUANUTUL  UATIAZFIVDIMTAATIEH WU Banudu “uasaluae 0.15-0.35 Haansuae
A aa Vo a v o & Vw ' o o
Naaans Taea “wilsz "nF ¥ “WHUT (Correlation coefficient, r) 11117D 0.99999 og lunainmMssoNsy
MINA BUANWLNUYDIID NUNAURASSrazyeIMINdAUN 3 szauANUdLTuEgTuTI 99.7-100.0
' § 1w o ' s o
AURTEIINNNY 99.9 1Az %RSD AU 0.2 ag lunamMnseansy
T v
MINA BUANNHNLIVIIT HamMINa ouANUNMIU 1A 1ag intermediate precision WU %RSD 1A
o w 1 o 1%
0.2 uaz 0.3 MuAAY oglunanNmIsoNsy
A § ' v & A o ' o
MINA BUANUNUVEIIT Iaoldoumlas nizae flo AoduY gl 8AT1 IUVBI 15ATAIWAINN
HALHNIINMT IMaved 1sazatedinlSeueuny MIzranvedds wumsalasuulas anzdenainluiing
' a 7 |a o a 4 ' ' P A aad o 4
ATENUADMIATIVNATIEHUS UG sildenafil TAsHDITAUIIN %RPD F411u1AA 2.0 UIFMITAWNTY
~ 1 A (A
ganunuae anzinasuutlas
A ' o A v A o Y
msdsziiuamanulimiveuvesmsia eldiduldaminasgiu ISOMEC 17025:2005 Amvualii
a U ] ] [ Y U ] ] 9 I~{
msdsziuaany liniveuveamsdanazdess 1W1I08UAIANY IulvsuYBIRanIna v ldninilu
9 P a 1 1 1 a 7 a . . S Y ax
ANudoInsvesgna nnmstszdumanylunivenlumsinsiziilsum sildenafil 3UuvvsUTiadI1833
o 4 PR ' Vo ' ' § o 4 o 1w
Aiannvu ldmany luuiveumindy 0.8520 wazanny luusiueuvens AszduanuFeiu 95% (k = 2) AU

1.7%

51

Q

ana Jd a @ . . < ag Y v d A .
BUATEHYT NI sildenafil Tuouda Taed5 HPLC dUsznoudls noawuvila Hypersil Gold C18
YA 4.6- x 150-iaamas vumeyma 5 lulaswas Nguvgil 30 esruvae  15azatodamilizneudie
"JUH UUDY methanol 4AE 0.01 M ammonium acetate 1UBAI1 I 60 : 40 Iagilsuias a3 lvaves
@ a aa 1 @ 4 @ a H 4 I A, §
15aLAEAIN 1.2 Haaansaoui as193adl1n5090I197arila PDA Nanuenaay 254 i lumas (Huish
180579 ouANUYNRBININIUINI ICH-Q2 (R1) WUNTANNIWMNZS wiud1 gades  wsoi T4l
a 7 (a . . < Y o s
MIATINUATIZHUTIY sildenafil Tueudaldawiagiss A

9N 1591999

1. 3find 3%eTe, Swa) Beulaa. ms 3aemsldenlulsanden wssammmame (113 15eeular]. 2549;
[fufu 5 A, 2557] :[42 wih]. 91991891n: URL:http://www.pharmacy.mahidol.ac.th/th/service-research-
special-abstract.php?num=41&year=2549

2. Chemical structure of sildenafil, [cited 2015 Apr 27]; [2 screens]. Available from : URL: https://pubchem.ncbi.
nlm.nih.gov/compound/sildenafil

3. WL YA WA, 2510 waznund ludiudy Uszmansensie 1515w K o 9IAIVANNAY atfud 35
(W.A. 2551) TIFNVNYUAY 1N 125 aoUNeY 173 3 (3’1417; 5 WAINIeU 2551)



14 15615787 UN 23 aUUN 1 NNSIAN-LNEIEW 2560

. International Conference on Harmonization of Technical Requirement for Registration of Pharmaceuticals for
Human Use. Validation of analytical procedures: text and methodology Q2(R1). Geneva: ICH Steering
Committee; 2005.

- ls$adl $andiu. msAinpianuas MWUesdlen. uumys : NSUINGI ASMIUNNG NTTNTI 1T T;
2539. 1 67-73.

5500 113y vazaae. tunlfianmsdszanamany liiveuvesms Samanil. vunifs : nsuinem ad
MSUNNG NTENTIT 15158 9; 2550 Wi 22-31.
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Semi-quantification of aggregate in erythropoietin pharmaceutical formulations

using size exclusion chromatography/SDS-PAGE/Western Blotting

Yanika Rattanasuwan*
Pinyapat Tansin*

Boontarika Boonyapiwat*

Abstract Aggregate in erythropoietin (EPO) products may cause lower activity, anaphylactoid reaction and
important adverse drug reactions in patients. The quantification of aggregate by using size exclusion chromatography
(SEC) is a test item recommeded in British Pharmacopoeia 2016 (BP) for erythropoietin product; however,
the method cannot be used to analyze the aggregate in EPO containing human serum albumin due to the
interference between albumin and aggregate peaks. The combination of three methods (SEC/SDS-PAGE/Western
Blotting) was studied to analyze aggregate in EPO samples. SEC was employed to prepare 2% aggregate
standard, which is the limit of aggregate for EPO production stated in BP. SDS-PAGE/Western Blotting
was used for semi-quantitating aggregate in EPO samples by comparing the density of aggregate bands with that
of 2% aggregate standard. The results showed that the method was specific to the aggregate in EPO samples
as there was no band appearing for the human serum albumin. In this study, three EPO samples were used. Two
EPO samples contained albumin, while another did not consist of albumin. The aggregate in all three EPO
samples was 0.42, 0.33 and 0.27%, respectively. It demonstrated that the aggregate in three EPO products
conformed to the limit of BP 2016. The results of the study confirmed that the method was reliable and
applicable for semi-quantitation of aggregate in EPO sample with and without human serum albumin.

Keywords: Erythropoietin, Size exclusion chromatography, SEC, SDS-PAGE, Western Blotting, aggregate,

dimers and related substances of higher molecular mass

*Bureau of Drug and Narcotic, Department of Medical Sciences
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Introduction

Recombinant human erythropoietin (thEPO), one of blockbuster biotechnological medicines, is a well-known
glycoprotein hormone that regulates red blood cell formation(1, 2). Storage in inadequate physicochemical environ-
ment conditions such as high temperature can induce the formation of aggregate(3). The aggregate in EPO
formulation is a possible cause of pure red cell aplasia, a fatal adverse drug reaction for EPO treatment(4). In
addition, EPO aggregate may cause lower activity and anaphylactoid reaction(5, 6). Size exclusion chromatography
(SEC) is recommended by British Pharmacopoeia (BP) to test dimers and related substances of higher molecular
mass or aggregate in erythropoietin products(7). However, the SEC method could not be applied to analyze
aggregate in erythropoietin products containing human serum albumin as a stabilizer due to the interference of
albumin with aggregate peaks(7, 8). Moreover, the SEC method for the determination of aggregate in BP suggests
the usage of UV detector at wavelength 280 nm which is unspecific with erythropoietin because it is a general optical
absorption for all proteins including human albumin(9). Nowadays, more than 90% of EPO products in Thai
pharmaceutical markets contain human serum albumin in their formulations. Therefore, SEC/SDS-polyacrylamide
gel electrophoresis (SDS-PAGE)/Western Blotting was studied to quantify aggregate in EPO formulation. The method
is based on SDS-PAGE/Western Blotting technique to solve the albumin interference problem. SDS-PAGE is a
common method of separating compounds based on their molecular weights, and Western Blotting is an important
analytical technique which is used to transfer protein from SDS polyacrylamide gel to an adsorbent membrane and
detect protein of interest by specific antibody(10). The utilization of these three combined analytical methods has not

been reported for the determination of aggregate in erythropoietin products.
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Materials and Methods

Chemical and reagents
Disodium hydrogen phosphate, potassium dihydrogen phosphate, sodium hydroxide, sodium chloride, hydro-
chloric acid 37% were purchased from Carlo Erba (Val-de-Reuil, France). Potassium chloride was from Merck
(Massachusetts, USA). SDS, bromophenol blue, glycine, tris, 30% acrylamide/bis solution (37.5:1), isopropanol, 2-
mercaptoethanol, TEMED, ammonium persulfate, Tris, tween-20, nonfat dry milk, blotting filter paper, colorimetric
AP substrate reagent kit, and Goat Anti-Mouse IgG-AP Conjugate (secondary antibody) were obtained from Bio-Rad
Laboratories LTD. (California, USA). Nitrocellulose blotting membrane and molecular weight markers were from GE
Healthcare (Uppsala, Sweden). Glycerol was bought from Sigma-Aldrich (Missouri, USA). Mouse monoclonal
antibody to erythropoietin (primary antibody) was from R&D Systems, Inc. (Minnesota, USA). Erythropoietin
standard was obtained from European Directorate for the Quality of Medicines and Health Care, EDQM). Erythro-
poietin samples were received from the EPO import companies.
Size exclusion chromatography for preparation of aggregate standard
- Preparation of aggregate standard
Aggregate or dimers and related substance of higher molecular weight (DSHW) standard of EPO was
prepared at the same concentration as tested samples by using reconstituted erythropoietin BRP standard with mobile
phase and heated at 55 °C for 7 days.
- Preparation of mobile phase
Mobile phase consisted of 8.1 mM of disodium hydrogen phosphate, 1.5 mM of potassium dihydrogen
phosphate and 4 M of sodium chloride at pH 7.4.
- Chromatographic condition
A liquid chromatography system, 214 nm UV detector was performed for size exclusion high performance
liquid chromatograph method. A TSK gel G3000 SWXL column (30 cm x 7.8 mm, 5 wm particle size) with TSK
gel SWXL Type guard column (4 cm x 6 mm, 7 wm particle size) was used for separation. To get the appropriate
consequences, isocratic mobile phase at flow rate 0.5 ml/minute was used. SEC-HPLC was used to quantify the
%DSHW standard. Afterwards, heated EPO was diluted to obtain 2%DSHW standard which is the limit of aggregate
in erythropoietin injection stated in British Pharmacopoeia 2016(7).
Semi-quantification of by SDS-PAGE/Western Blotting
- SDS-PAGE
Resolving and stacking gels were prepared at the concentrations of 12.5 and 4% (w/v), respectively. The
resolving gel mixture (2 gels) consisted of 4.125 ml of 30% acrylamide/bis solution (37.5:1), 2.5 ml of 2 M Tris
buffer at pH 8.8, 100 ul of 10% (w/v) SDS, 3.225 ml of water, 100 ul of 10% (w/v) ammonium persulfate and
10 wl of TEMED. The stacking gel (2 gels) contained 1.32 ml of 30% acrylamide/bis solution (37.5:1), 2.5 ml of
0.5 M Tris buffer at pH 6.8, 100 ul of 10% (w/v) SDS, 6.0 ml of water, 50 ul of 10% (w/v) ammonium persulfate
and 10 wl of TEMED. 5x sample buffer (10 ml) contained 1.2 ml of Tris-HCI pH 6.8, 2.5 ml of glycerol, 2 ml of
10% (w/v) SDS, 0.5 ml of 2-mercaptoethanol, 1 ml of 1% (w/v) bromophenol blue and 2.8 ml of water. Running
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buffer was composed of 14.42 g of glycine, 3 g of Tris and 1 g of SDS dissolving to the volume of water at 1000
ml. The EPO sample, DSHW standard at 2%, EPO standard or human serum albumin was mixed with 5x sample
buffer at ratio of 4:1. The mixture was heated at 100 °C for 6 minutes before loading into gel. The gel was run
in a chamber containing the running buffer at 200 Volt until the dye-front was about 5 mm from the bottom.
- Western Blotting

The protein on the polyacrylamide gel was then transferred onto nitrocellulose membrane by using the Mini
Trans-Blot® Electrophoretic Transfer Cell at 100 Volt for 1 hour. The ratios of primary and secondary antibody and
incubation periods in Western Blotting step were performed according to our previous study(11). The blotted
nitrocellulose membrane was firstly incubated with primary and secondary antibodies at ratios of 1:400 and 1:1000,
respectively. The incubation period for each primary and secondary antibody was 60 minutes. The immunoreactivity
of antibody and specific protein was detected using the AP conjugate substrate kit. The density of aggregate bands
in EPO samples was measured for the reflective density comparing with that of aggregate band of 2% DSHW
standard by using GS-900 Calibrated Densitometer (Bio-Rad Laboratories LTD., California, USA).

Results and discussion

Quantification of EPO Aggregation by Size-exclusion Chromatography

Size-exclusion chromatography (SEC) is a technique for separating protein mixtures depending on their
molecular sizes, therefore, SEC was applied to quantify the amount of DSHW standard in term of percentage.
The SEC chromatograms showed that the peaks of DSHW standard and monomer appeared at retention time of
17.78 and 19.86 minutes, respectively (Figure 1). The resolutions between these two peaks for all six injections
(1.47 = 0.036) were more than 0.8, which were in line with the acceptance criteria of BP 2016(7). The resolution
values proved that the EPO monomer could be well separated from the DSHW peak. The relative standard
deviation (RSD) of six injections was 7.09, which was less than the RSD limit of BP 2016 at 10%. The aggregate
standard was quantified and diluted with mobile phase to attain DSHW at 2%, which is the limit suggested in BP
2016 for erythropoietin drug product.

Semi-quantification of DSHW in EPO formulation by SDS-PAGE/Western Blotting

When human serum albumin was run on the SDS-PAGE/Western Blotting (Lane 2, Figure 2), it had no band
appearing on the membrane. This proved that the antibodies used in the experiment was specific to the protein of
interest. Additionally, an EPO sample containing human serum albumin (Lane 4) and 2% DSHW (Lane 3) visually
displayed 1 and 2 bands, consecutively (Figure 2). An EPO sample demonstrated a monomer EPO band at
molecular weight between 31-38 kDa, which conform to the molecular weight of EPO structure. On the other
hand, 2% DSHW lane contained a monomer EPO band and an aggregate band at molecular weight between 52-76
kDa (Figure 2). One aggregate band shown on the SDS-PAGE/Western Blotting in the 2% DSHW lane (Lane 3)

conformed to one peak of aggregate occurring in the chromatogram of SEC-HPLC (Figures 1 and 2).
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Figure 1 SEC-HPLC Chromatogram of aggregate(1) and monomer EPO(2)
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Figure 2 SDS-PAGE/Western Blotting: (Lane 1 and 5) Molecular Weight Marker; (Lane 2) Human Serum
Albumin; (Lane 3) 2% DSHW; (Lane 4) EPO Sample containing human serum albumin
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Figure 3 SDS-PAGE/Western Blotting: (Lane 1 and 7) Molecular weight marker; (Lane 2) Unheated EPO Standard;
(Lane 3) 2% DSHW; (Lane 4-5) EPO Sample Brand 1-2 (with human serum albumin), (Lane 6) EPO

Sample Brand 3 (without human serum albumin)

Table 1 Reflective density measurement for aggregate in unheated EPO standard, 2% DSHW and three EPO
samples from SDS-PAGE/Western Blotting in Figure 3

Unheated EPO EPO Sample EPO Sample EPO Sample
2% DSHW
Sample standard Brand 1 Brand 2 Brand 3
(Lane 3)
(Lane 2) (Lane 4) (Lane 5) (Lane 6)
Reflective density 8.18 1741.74 364.29 286.03 238.04
of aggregate band

The aggregate band of unheated EPO standard was not visible, while those of all three EPO samples slightly
appeared on the blotting (Figure 3). It was clear that the aggregate band of 2% DSHW visually displayed the highest
density band comparing to other aggregate bands of unheated EPO standard and samples (Figure 3). However, when
the density values of aggregate bands were measured using Calibrated Densitometer, it demonstrated that the density
of unheated EPO standard, 2% DHSW and all three EPO samples (Brands 1-3) was 8.18, 1741.74, 364.29, 286.03
and 238.04, respectively (Table 1). Aggregation of protein naturally occurs under the tropical climate; thus, the
stabilizer is commonly added into the formulation to prevent this problem. The density of unheated EPO standard
could be recorded by densitometer since the EPO standard was dissolved with mobile phase, which did not contain
any stabilizer. Even though the EPO standard was reconstituted with mobile phase for a short period of time before
performing the experiment, it was possible that the aggregate was produced with low quantity until it could not be

visually noticed. The density of aggregate bands for all three EPO samples was lower than that of 2% DSHW;
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consequently, it confirmed that the aggregate in all samples was lower than 2%. Furthermore, the aggregate in all
EPO samples (Brands 1-3 or Lanes 4-6), calculated in terms of percentage by comparing with that of 2% DSHW, was
0.42, 0.33 and 0.27%, respectively. The results proved that all EPO samples conformed to the limit by BP 2016.

Conclusion

The SEC/SDS-PAGE/Western Blotting has an advantage as it can solve the interference problem of albumin
and aggregate peaks using only SEC method. The combined method is specific and reliable to detect the aggregate
of EPO. Therefore, the SEC/SDS-PAGE/Western Blotting can be used as a method for semi-quantitation of aggregate
in EPO formulation with and without human serum albumin. It can be concluded that the technique is suitable to

determine the aggregate of EPO products in Thai pharmaceutical markets.
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