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Project Code : MRG4980090

Project Title : Simple sequential injection analysis system for rapid determination of
microalbuminuria

Investigators : Dr. Wanida Laiwattanapaisal et al Department of Clinical Chemistry, Faculty
of Allied Health Sciences, Chulalongkorn University

E-mail address: wanida.k@chula.ac.th

Project Period : 2 years

Abstract

A simple, specific and sensitive sequential injection analysis (SIA) system based on
non-immunoassay fluorescent detection has been developed for the determination of urinary
albumin. The specific binding of the dye Albumin Blue 580 (AB 580) to albumin in urine
generated high emission fluorescent signals. The excitation and emission wavelengths were
set at 590 and 610 nm, respectively. The calibration range was obtained from 1-200 mg L'1,
with a limit of detection of 0.3 mg L_1 (S/N = 3). The SIA system gave high precision with
relative standard deviations (RSDs) of 0.9% and 1.4% when evaluated with 15 mg L'1 and
100 mg L'1 albumin (n = 15), respectively. The method exhibited good reproducibility, as
assessed by performing four calibration curves on different days, and intra-run CVs (2.3-
3.3%) and inter-run CVs (3.8%) were obtained. Rapid operation was achieved with a sample
throughput of 37 h_1. This method was successfully applied to the determination of urinary
albumin, and the method was highly correlated with the immunoturbidimetric method (r2 =

0.965; n=72).

Keywords: Sequential injection analysis, urinary albumin, diabetic patients, Albumin blue

580,
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Nl uaeiN9f uaﬂmﬂﬁfuﬁawu’jﬂﬂagﬁu (globulin) LAZENTAKY MITUNIWNNTATIIAAI82DH
anane é’oﬁfumsmni’@ﬂ%mmmmLﬁuﬁumaaé'agﬁuluﬁama:ﬁaﬂﬁnm Albumin blue 580
(AB 580) ﬂ’]ﬁ]:LﬂueJ%‘ﬁaLLazmNWSﬂIﬁLLﬂ‘Lﬁ%ﬁI‘ﬁ%ﬁﬂﬂ’]iﬂ’ldﬂuﬁﬁ&lﬁuemf;l’l (immunoassay)
laluawina (11) LL&T’hmim%ﬁ@]ﬂ%mmmmLﬁuﬁumaaé'agﬁuluﬂamazﬁw Albumin
blue 580 (AB 580) NWawlag Kessler wazane asswsnumsiiauanisasiaialasls
dll Aa 6 ad g; a 1 vl o :’
LmadaLﬂﬂIMWQQaIﬁmms (spectrofluorometer)  LULATAILAN dax ladinistinsinen
Albumin blue 580 (AB 580)  anuszyndltlunisaaiasTnmdayiiuludaaiziidunis
Aazilasldiasasonluld (automate) (11) wialunuwidulasldiaiasiiodus 1w capillary
electrophoresis  (20)  Lab-on-a-chip ( LOC ) (21) at1dlsia1u3Tasnan gelidasinalu
A A Aa 6 ad . . %
3092893202 IUNT95293@ % LaeAT capillary electrophoresis Mtaanlunsasia
a891ae 4 wNdaniteaating (20) §15U3T  Lab-on-a-chip (LOC) @aslgiianiis 10 wifilu
¥ o a 'a [l ] [~3 . v A 1 ¥ [ s

mimaaayuuﬁmaglwammmaﬂ (microchannel) aanliuue T9tiain bk HawIUdaInILNNT
A73A1EA (21) waz llransan nIUNNIATNIIALUL UL

TUUTLAIWTLADWLINTUSUIRTE (Sequential injection analysis, SIA) (Juwdnszuy
'ﬁﬁaﬁgﬂﬁ'@ummﬁnm:uuMa‘éuLaﬂ“ﬁ'ua:mﬁ%a (flow injection anaysis, FIA) Lialdfnsy
NWATINIAUALIATZRE LA TN g saiduszuunianzdansuuusaluidlas]sseuy
AauNaafidudmuguimiunsgauazddesiien (13) swuy SIA #ldefnaiuizns
1AUTEUVITRINITOATIVRIADLI b ATIATIIUINIIN LLazIﬁwanﬁsmsuai'@ﬁgﬂﬁaa W

= ) @ g v 1A 4 o a & a A
0157 wazdszngaanldany wzszuy SIA - BaltuUSunasihetesuin 8nnsvedadufesn
NNTTULARUSI MlRa@E (14) UaNINUUMITIATITARNTAIATIEIZUL SIA REIa313D
\WweNdanuUNNaUZA3eN gas diffusion, extraction (liquid/liquid, gas/liquid and solid-phase),

6 a 6 U o v A a 6 v A
ulmiuazduylunasad ldhoildifeanuszainlumsiiensd (22) andediveszuy
SIA Ananfirlwszuy SIA & Jenuwmanzsunazihanlsluiasdfuamsmensunndiin
atnann lagldinsldszuy SIA adszgndldasaasnsiinw ldun nmsamamlyséu



imJLLa:ﬂQTﬂaluﬂaaﬁa:maapjﬂaaJmeww'fiawudﬂﬁmaaLLa:mmml‘*ﬁﬂu’i%mimmmaa
(screening test) MRIUMPAABLLMNULG  (15) w3 msamam bilasy waslwasnly
FsuawRarnwstadndosluninialsa (16)
fmiunsamiaszaululasdayfivludasn:  dvldeslinmbszuy SIA an
Uazgndld é‘aﬁ?ﬂmmﬁﬂfﬁdﬁi’mqﬂizmﬁlﬁaﬁwmszuu SIA & wIunmIaiaszauly
Imé’agﬁﬂuﬂaaﬂumudm LazIIAS? lasadawanms  Albumin Blue 580 Florescence
assay doulundnnsifilseansmwifisuyinduis  radioimmunoassay (RIA) il gold
standard  (17) LLa:Lﬂuﬁé'ﬂﬂﬁﬁ"l;isl‘%ﬂﬁﬁ%mmagﬁﬁwﬁ'ﬁﬂm (non-immunoassay) 344
$uiludadlfuandveddsinaunidumafadfite mbisndadlfinslumams Salu
FIWVDINTNWWITZUL  SIA ﬁa:ﬁmnﬂ%yuLﬁ:mﬁ'umsi’m”tu‘[mé’ayﬁuluﬂam’;zﬁ’;ﬂ%%
immunoturbidimetry  Fa1Hu3FAllwiestiamsvaslswonamly uasldimsfigaius
Iianuhuazuduings swnaalfiduitiasguld (18) nsdawszuy SIA Tunsaiilas
MIMENTETmanzas  (optimization) vaIwIiiaaiangg ﬁﬁwasiaé%ymnmumvxlgaama
LTUG  LAZWUINTEUL SIA f:mmsﬂﬂizﬂqﬂm“l"ﬁ’lumimaﬁﬁ'm:é'uvluimé'agﬁusluﬂamazﬁm

MNARUNG LLaz;jﬂw"l,@Tasmﬁﬂizaw%ﬂ’]w

c B0 -

% Ci

E NC CN .

0] - K

o 40 - CN CN

L[]

|

)]

B

o Albumin Blue 580

E 20 i Umin e

|

=

l11]

B

% U - T T T T 1
T 500 550 600 650 700 750

Wavelength [nm]

31 1. mmm’mﬁmaamins:ﬁu (1, 3) uaznydaadaay (2, 4) msﬁammﬂgaanamuﬁ
289817 AB 580 TutiWiwas pH 7.4 nau (1, 2) LazWad (3, 4) NM3LAN 11.1 mg/L human serum
albumin (Modified from Kessler et al, 1997)



NUNIBIFIFIWNIIN

Q

1. 9a Y%
o a ~ { [ Aa . ~
aayfiwduldsfudanuinnluwaanlafisuivldsdulnaydu (globulin) uazlwud
luiau (fibrinogen) AaiiuSanms 50-60% vaslusduniuninualuwaaan daylullsznavdiy
seolwdilIndidssmoidor Snsaaziilu 575 a1 Sihwminluiana 65,000 aadu azanavile
v J { L Q v Q [ Q Q = 1 =3 { = 1
uwazgnaieuiay lasfidanmasfadszanm 10 niudadu dayduazligniiufiay uedazgn
.  d an . o A .
daagaanun lnadouluntzuamien JA1a3953q (half life) 15-19 11 H6 Isoelectric point (pl)
Wiy 4.7 waslidszagnBiduauianizanudunie-aazesinme (pH = 7.4) 1hadan
o A & A Ao ' a a oA =< o o . o a
aquJwouuIﬂmuwwﬂxqaumnmﬂﬂmu%u@au6] ENTNILAY  ligand  laranesiia
daufiuiinthninmaugavesiluiteme oinw oncotic pressure uazzItlun1IVURIAT
luanazwialan 1w uaaiBun (Calcium) (23), D&jduziialaiinisaiudy (unconjugated
bilirubin) (24-26), n3a luiudasy (free fatty acids) (27), nasaTeaa (cortisol) (28) wazlnsandu
(thyroxine) (29, 30) #anaNAEIaNNTIUALENIUGIN LS 1BUTWTU (warfarin) (31), Aiiadn
Ml (phenylbutazone) (32) uazaaa IWLLUTN (clofibrate) (33)
aayfiulwRsadanuddynendiing maunsnuenfiian1IzraIIMBuazNIiL
p040U uazlald nanUTnudayiuludiudindiung enaiannainaengg igu
1. auasleas hasanidulsadu (iver disease) v3as19melasulysaulaiioiwe
) . . a & s o« & A o
2. ITUUAMLBATN (catabolism) veItwmuiinin  Safunainanibaitegnyinaie
WIaNNIIONLEL
=X A A =2 A A
3. nigafuninazliluanas asnaunanisgadulid wianznwlazuinig
4. guyidelidunedasizitiasainliale (kidney disease) nruladniauiiess wiaidu
Tsaunnnu
5. é’agﬁmﬂﬁsﬂﬂagjuamﬁmﬁa@ LT slu;gﬂ’sﬂiﬂﬁaams (ascites) ANNABVBILE
A % = L 1 :’ [l v = =
Waaluduazgs aullsd@ugndvaananagluinlugesrias nmagmdulusdumadasa:
wazge913z  Lunaliiianzdayfinluifeadiagioguuss  dszdudayluluifand

A1 2 g/dL aziiaamsuanle

sutTunudayuludeagelilianudayneadin woldlidasin anawuldlu
N3N (dehydration), 13AaNLAA (sunstroke), BanfaINMBaENInLN, lsaladAasAfe

15%w (multiple sclerosis), nznagasluninsesd (hypothyroidism) L udn

2. mzlalasaayduluilasniz (microalbuminuria)

lun1znlavinanuladng ﬁ]:@m«’ﬂvl,ajwué'agﬁuluﬂama: nIaWL Lo buwlSunmwiay
1 A s a 1 1 a a = a & =3
i 1% vesfinmdayiuluivme  ddndvesdSanadayiivandasizdaivay 24
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]
a

0'4 a v 1 A A s o 1 dl' a a QJ ai =3 - a
Tlu9  Ueawnin 30 RaRnTNAR  udilaiannuReUndawn e Mazlianyiuin
J o v A % a = dld s % a
aanIN IilRENIZIINT 71’11%m@mazvluimaaywﬂuﬂaaﬂ: winpflannenfimatudayiiv
sanmadaaizlulTinaian g avanudayfiugSanm 30 -300 Hadnsunsluiam 24 Tlus
wya1Sunm 30 — 30 lulaTnTudalafnTuvaInILanin Lazasdadny 2 1 3 aTsra9llRals
A = ' o A g A= A o A a o
ARUEIANY TIn NIt B RauninfvedlaluszzSuusnle (34)
uaﬂﬁnﬂﬁwudwma:"tﬂmé’agﬁuluﬂam’;: mmﬁ@mnmm@ﬁuﬂ,ﬁ LT mazvlﬁga
TRENZHINARALAIUY  MIAALTVDITLULMIABITFRIIE  ASLWILURRIICANRY M3
MAIIN ANz alanng  nNsaantNaINIBaLtIIRn LLazﬁizé’uﬁwmaimﬁawgsmnndw 300
URRNINGALATANT L wew ﬂagﬁuﬁmsﬁﬂmwudﬂmﬂﬁmluﬂquﬁmmsﬁ'mumaa
Angiotensin Converting Enzyme (ACE Inhibitor) LT% 818418 1W3a (Enalapril) %dL‘ﬂumﬁ&lma@
mwﬁuiaﬁmge ﬁ]:ﬁma‘*ﬁaUa@i:é’ué'ayﬁuiuﬂaan: LRZENNNIDTLAANIILRANYDI 161 La
=< ' o a & o A Ao o
ﬁnﬂmsﬁﬂmwmﬂmaﬂﬂmaayuﬂuﬁama: duiladuiFaandagvadlianasa
o 2 = 0 @ A ' Y @
deeiladiy (2, 3)  FudusmimedmdglunadeTisetadounaulasianiclugie

Iﬁﬂmemuazmmﬁﬂaﬁmqa MINIIATIINTAINanI AR R Uz Lumtlunstae
v a d“VL Py = Ao ae & ° ° &
flasnumatialsaiblaannionieg WANAINNREINTDUITONN AUV DIFUIANLWNE

lsawmnuluanigowsn (1) Elﬁmsmfsﬁﬁaﬁmmaﬂﬂmé’agﬁuiuﬁamaz WuwnIana
ﬂiaalupjﬂumiiﬂLuW%aﬂuﬁﬁ@ﬁ 1 ELumUﬁmioﬁ’wLﬁu‘[imﬁwgﬂﬁﬁ%ﬂuﬁﬂﬂ LLazlupjﬂay
T3UNANUTRAN 2 AT LATUNIATIVAING LATUM TR TNTUITALINIG LASHINGTI
' P = o @ A oA = & X
"wauma:unmsmwmm:@u"lwimaag&mﬁluﬁam’;:mmuamﬂ6] 7l saumlu;dﬂwi‘m
ﬂawwﬁuiaﬁ@;gaﬂ"lﬁwiwuaﬂL%Q AAIIOTINTALTWLALINY TIazmrelArRINITDGANNIL TN
v d' n' £ 1 = a a & & d' d' g a a
winnvadlaluszozusnisulaagefidssdansaw  delsawnnnwmiulsafinginuanutialnd
maﬁ'wamUiuﬂﬂiwﬁmaaﬂuuaugﬁﬂajLﬁ'mwa ﬁﬂﬁizé‘uﬁwma‘lum:l,l,mﬁamgq URZALTNE
PaNuraaalaaa 1 Iz 8zg1w N 10 ldTuN1 3TN B 89U/ awﬁ']"l,ﬂg'nn:l,l,mﬂsfauﬁ
‘gmmvl,@ﬁ” lasnzunindaundny nzunindaunidle (Diabetic nephropathy) tiaa1n
A =} =3 dl 1 U a Q o v 1
WenTan WTaIaaALEaaALAN g wﬂquauIa%@]NaUIﬂaLwagaa azvinlinsiaela (Nephron) saw
v a o v o @ . o & = ° v a
Imaywmaaaﬂvlﬂ"l@ ¥il# Proximal tubule QARINALINUL d3luszazaazvinlwiianng

loaizaule

3. msasvinszaulalasdaydnluilasae

lunein@ wué‘agﬁﬂuﬂamaxﬂ%mm@‘iﬂ wialusznsfidanuidyneadfinug
viu szozlulasdaufiugi3e (microalbuminuria) thldnisasalusduludaanzdiomslduny
nagoUsTINAn (urine strip) undanulliisawe asenmsliununaseussuanasl
naundaldsan AdailafiUsunmlusausudanududusinnii 300 mg/L Tull wazazii

d a2 s a QII 1 v v té [ { v 1 e
332]3“7]1]5&]’1%8@%&]%5’)E]E]ﬂ&l’]ﬂa%"lﬂd&l’ml,tﬂ’) FodurzpeNudazasiany ﬁvlllﬁ’llniﬂ‘iﬂ‘]:ﬂi‘iﬂ
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v v I =) g dl v g & v v dl 1 g: o
T nia1ale LﬂuL‘wmmiiﬂmmal%miwwmLﬂuvl,@mmwzq@mwmq@mmu Iuﬂﬁlguu
s 1A e a v e a J o = (%3
mmmmmﬂsmm"twimaaymu Imﬁaﬂﬂ’\sawiuuamsﬁﬂ mﬁmwﬂuﬁmwammuaag
A ~ o ad A o A A & Aaa o A
fulsunotas 9 lutlasz Anltlwiasddfnmememawnndnald§isnang fa n3asas
A . . = a . . . A a
QMW (qualitative)  MNIaTIRLULNIUTINGL  (semi-quantitative)  wazuUULEISTaN A
(quantitative)
tﬂl o L= 1 U ad v a A a v v 1 1
WarinnIaTadadetascad Tl TiauaTaTianslSuno LLG’JI%N&’J’]B%SL%
nnﬂu‘[mé’ayﬁuw‘%m ANIATIALWIUAIINNITATINAANVIWNITUINNILEND L% AT
v A a . . = ° [ a
A773ALTILSN M (quantitative) TIau1savinle 3 3% Aa
1) avnnndaanzninuluiisnaianie (timed collection) W liaTU 24 TalN9 Lo
& < A & o A A o @ o o A A
uluwszezingn 4 T luanIalAuduan Lwammmmamwm?uuaaguumanvlﬂmaﬁamaz
@8 1 %1181 (albumin excretion rate)
2)  @99NdaEIzNguaTaniiael (spot urine) iWemEadmnIIMAAY LD
a a aa . . R . . A I nt:ldln v
USunuasuefiduludaai: (urine albumin/creatinine concentration ratio) Faduisnfienls
uﬂﬂﬁq@
3) msavenndsaniz 24 mImL‘wamﬂsmmaayuummwgﬂmuaaﬂ"l,ﬂma
Taamzlugig 1 7n

3.1 NMIATINBIAMAIN (qualitative)

n1315UauIH (Albumin dipsticks)

s s a v v 1 | ad 3; a & s 1

mianvialulasdayduludasizdionslfunuiniduitandan  Tidnagavasuny
oA o o Aaa A Ad & | o ' v .. . .
Jufindunannisljisoimaalivesanaiaiifiaisegiuuduasia léun Clinitek Microalbumin
dipsticks (Bayer Corporation) Iﬂﬁé‘agﬁﬂuﬂﬁa’]’amzﬁ‘i’uﬁu sulfonephthalein dye wasyin e
FUALENUAILRANNITNNTASBUNAL  (reflectometry) 628La389 Clinitek 50 portable urine

. . A o a a o Al oy A Y PR ad

chemistry analyzer (Bayer Corporation) tJavinn13td3guin UUﬂU’Jﬁaﬂdadmadﬁmﬂgummi 5]
Adanuhuazanuiimzdautedin aunsnunuindanula (sensitivity) ¥IamIaTIaNy
laduannuiaselugig 79%-954% uazlidianudinne (specificity) HIaAHARLNLITI
e 73-%-81% (35)

3.2 ﬂ’lims'aﬁll,mu?idﬂ'%u’lm (Semi-quantitative method)
rm@maLLuuﬁaﬂ%mmli?%é‘ﬂmsﬁuyiﬂmmimmﬂ (immunochromatography) #a
maunuguimmiululasdayiu %ammmuanﬂ%mmé’agﬁuﬁwuluﬂam’;ﬂﬁ@umae] WAz
a'm@ﬁ”aﬂmLﬂﬁiﬂ@mﬂ%ﬂmﬁﬂuﬁ'uLmuﬁmmgmﬁﬁmu@mlﬁ uwnuara lulasdayiiudingnd
fnendaudig %ummﬁiuﬁﬁuﬁﬁﬂﬂ%ﬁ;ﬂﬂﬁa Micral-Test test strip (Boehringer

Mannheim, Germany) aﬂﬁﬂuﬁﬂﬂﬁiﬁdﬂé'mq_llfmﬁ]zvl%amu wick fleece lUg9L51904 conjugate
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~ a { 04 [l o 0’ a d o . .
fleece TauduuSimnAnNIIVaL 9T UNITALLEUALBANAIINLNEY (gold-labelted antibodies)
& A v v a o . A A A Ao v o
nnunluanaiBifeuazlnalddiiiimannia (detection pad) Talimaifaddnalddioem
. ~ A v Ao Ay a da aad a [
wan uaziSpuifisuanududiuunuddedmdlugenasey SRventTumveslulasday
fwdusa99 1w 0, 10, 20, 50, 100 mg/L AMNsWITBRANINLUIBLRBUNTIAa183THNVAD
immunonephelometry wuindsuauanaasnanfianuduwizgs (High specificity, 98%) ud
anuhdaudnadn (low sensitivity 89%) AIHHNNIATINIAMILUALINAINGT ORISR EARTE s
fmsunanansaadasdwrinug  ldfesltlumsGaauna  (follow-up) iasaniiaany

Wranatey (36)

ANUYNABIVBINTI  Micral-Test 1l 1efinms@nmunneunitianuneauly

P A @ A o o A, aada ° | ) ' o 'Y
@139 1 Daliwanseandasnundn BAlanuduwzdendiigs wdanuliei sncduung
TIBIULYINH L1 VB9 Cheung Tie et al (37) TENWINATINIA WHATHALINITIABUL1967 (12

) . A wA v § wa \ i | = Y o [
NN 75 @) Bendaunguianndiaslimaiilaanziusudsliininasia
szaudayiin - Ansnwitsihzausayivaaaedalitoiay  Welimaiiuaiedausuds
(frozen) UAZANNINWITLVDY Jensen et al NWLNIT Micral-Test FauwIzdr anatlasann
nwiTeaIna  imslddadwdasizanaulng  ldldnndihowmnwmlenlunuids
B (38)

NWIBVa4 Le Floch et al lalins@nmnislsz@ndnadasnliang (cost-effectiveness)
vasmsarantasnzlulasdayluludasiz  laold  Micral-Test  wiamislditms
v a wa di v Y 1 ad v a wa dl' Y & A 04
wealjidn1sdug uazlddesylifitnanedesdjiansaug aaldidumsanaduiu lu
X Aa o . v & adda A A L @, ' 'Y
dhefifnauananmisld Micral-Test duiduwithiidsdnduadadlddnsunniinisasadie
A eRkeslanInIne (39)
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A13199 1 ﬂ’ﬁﬁﬂﬁ’]ﬂ')']&lgﬂéfﬂd“ﬂﬂGﬂ’ﬁl“ﬁLLﬂ‘U(ﬂi’)ﬁJ Micral-Test

e - SAUING SUINFIFI0E9 ) .
15973843 é‘f’;ashaﬁgmwﬂ auan Sensitivity | specificity R AR Ref
IT 186 52 92 82 0.82 | Bengstad et al (40)
RIA 195 35 86 97 0.79 | Poulsen et al (41)
T 396 133 91 95 0.73 | Spooren et al (42)
RIA 298 108 92 92 - Gilbert et al (43)
IT 184 7 84 98 - Jury et al (44)
RIA 112 34 100 91 - Marshall et al (45)
RIA 75 12 759 879 - Cheung Tiu et al (37)
IT 167 32 63 100 - Bashyam et al
ELISA 1359 76 92 58 - Jensen et al (38)
Neph 159 - - - - Koury et al (46)
IT 506 109 91 80 - Le Floch et al (39)
Neph 308 185 89 98 0.79 | Minetti et al (36)

MINTIIAMBUOUNAFOUDNTHAAD  V8ILTEN Bayer® microalbumin/creatinie

dipstick  FemansnhszaululadaylindSoifisunudaiuefiiiu

L A o o
FINRIANNIIANIINIA

327 I90aUAUNUENST (albumin dye-binding) waznsltaatidafiudussidstaunuaIuaf

Aunazyind jnvenszning

tetramethylbenzidine

a A
BRSZLNAR

diisopropyl-benzene

TILOUNAFOUAINEN

dihyperoxide

fanInlTnuLaTas

bR 3,3,

5,5-
Bayer®

Clinitek50® urine analyzer (47) HalU3UIAUNANINARALMITUALNARBLAINA

\WiBuABuAUAT immunoturbidity (lulasdayiin) uaz Jaffe-kinetic method (A3uaiiin) wud

ﬁﬂ'J’WJVL'J@‘i?J%"ﬁJWG@i'] 53.7% WaANNINIE 97.6% é’aﬁfumﬂ‘ﬁmumaau

MIATIANT0IL D BIA LAY

3.3 N130 929 B9UIN ™ (Quantitative method)

2

3.3.1 NM13A39AERanN1 .Y wwadsd (Immunologically-based assays)

9N TaF N bbb

msmmL%aaﬁmmﬁwlﬁ%é’ﬂmiamﬂmaamm’ L%  radioimmunoassay (6),

immunoturbidimetry (8),

immunonephelometry (7), enzyme-linked immunosorbant assay

(ELISA) (9), particle-enhance turbidimetry 35nInmsduyluwasnd (uwithldavabuduuas

widTanmdayiin Iunwazvluiﬂié'ayﬁuluﬁam’améﬁmnmsmfmnsaﬂﬁwamﬂ
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MIAaNzAEIUSInm s dudasltiaIas manual  spectrophotometer %38
A A A & @ N . A o .
1309803 Roa UNA  (automated  spectrophotometric  method)  AlFunsnanslu
wovdJuamslsaneuiana lduazwoinilunsduwdfosihonldieszs waztitedan
waudvadduwizdadayiiudnauns  Ievildnenaialuladayludonanms  Buylu
& o a 2 & ¥ o o d o @ o o a A a

wemadisaslinauns  Jududednanildnmienaialulasdayluludasiz  Ju3ns
BWIZLNITINDNLNE AIaARRNENTULNULWLYINGL 199 AnTasiliaasnandanuimen

17N I@Umwwzaﬂwﬁalupjﬂqmmm’m

3.3.2 MI3nvBIUSm BRalalzuandvad
3.3.2.1 Fluorescent dye binding
= K Ao A R addN ] & o A ¢ Aa
519 inwidsimenuiilinlildwannmimedayluesisd 0l
mm"hLﬁmwa@iamﬁ@é'agﬁuluﬁam’sz"lﬁ LLazvl@TﬁmiLauad']mamsl‘*ﬁml,mu%é'ﬂmsaug
Tuwemadld  35dandnaldwanmyianisinuaswgoalsaiou  (Fluorescent — dye-binding
A a [ \ o ' @ A A A A K A .
assays) TiinIMMITVadINNIETERINIdaYTuLazaIRTiani F9A8 albumin blue 580
=) v IQ J v = Q 1
(48, 49) muTifeuiifatuiianudungaalsaiaurigann (50) ﬁmﬂmﬁaﬁmmvhga
Waiwe  sananlfanaszaudayiivtSinalasludasizld, sadsfoudien fluorescence
. . QI &/ 1 v 1 a e d a 1A . .

quantum efficiency LARABENIRBEFRIN TuwIdoNatuayuiniD AB 580 dye-binding
IhaNzennaadInu3d immunonephelometry methods [16] %3837 radioimmunoassays [13]
wazlidanysunwannlnaydunielisduaug dwuludean:  §idudeldnd119135 AB 580
dye-binding @13vhanlEnaunuitnsmeduylukesiad  dmdulfenaiadayuludasi:

I [16]
A o o o A A & \ Py av Aa o
waninitennnisldnsiadisiaissaialasngealifines deanldlinuidoniinsls
Lﬂ%adﬁa&lugﬂﬁuﬂ LT automated fluorescence assays [16], capillary electrophoresis [17]
uazlukasuAnsundl (lab-on-a-chip, LOC) [15] atnslshienaudtasndndsltasinauns
Uszmy wugduuy LOC duiudasiinisans microchannel drsiniunaiataies 10 wif

\WavinNN3 de-adsorption BALARALMEAAMUHTIIVDIYIDUWIALAN

3.2.2.2 HPLC method

o a o a 'Y s o A a Aa
m‘m‘nm@ﬂsmmaayuﬂuﬂamaz ijﬁ]ﬁguul"ﬁ’l‘ﬁ@li’m’mLLUUﬂGUiﬂJ’]E’l«L‘H&J

U 1 A a a ada {Q'/ (%3 o 1 U U & I3
mﬂmm‘uqu ‘ﬁiﬂ(ﬂi’mLTGU?N’]MI@El’JﬁE]SJ;;JII%LLE]aL‘ITUY]’JVLﬂ aatenanludredn oty
a P 1 A e A W v =S v A a . %
m’maaguumglugﬂﬂawgsm YIVL&JVLGIQT’](Z]WI?&Iﬂa‘UVm‘SL’Jm proximal tubular cells WLazTU
aananluwilzani é’agﬁugﬂawgszﬁé’aﬂén %agnmni’mvlﬁﬁamwu@uaﬁa‘i%wwwiaé’agﬁu
£ ad a (d‘o 1 =3 =1 a o dl ] ] dl' s 1 1
@amﬁ‘maamﬂuuammmmmn: at9lsneny  leRWIWANEMINT aNNLTaAINED bal

v tﬂl v v & 1 s a dl ] lil 1
Qﬂ(ﬂa\‘i L%ﬂdﬁ]’m‘l@&]ﬂ’]iﬂ@ﬂEl\‘isl,%%kl»LLazﬂ% mehﬁmm’]aaguumwuluﬂama:agiugﬂﬂvm
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auysol aneies (degraded) 1Wagflugimuiddlad (peptide fragments) udrwianann (>95%)
Li‘jaﬁmﬂfmﬂﬁﬂﬂ’mwﬂms@ﬁwm@ (size-exclusion chromatography) Las differential
filtration laglfiuniusufidonawia (size selective membrane) ugasliiinindyladasdon
PoI0AYARAINGT? funaaInd 200-10,000 Aadn

5&Hﬁuﬁgﬂﬂiadﬂiﬂuﬁ1@l mammnmigﬂﬂ%‘mﬂﬁsJuImJLauvLﬁIiﬁ lysosomal
proteases 1% tubular cells AanaziinMITuaanuIMItaae %aé’ayﬁuﬁaugsﬁﬁﬂ%mmﬁaﬂ
N1 1% WazdINNIN 99% Lﬂmﬁ@ﬁgﬂﬁwmmlﬁq (albumin-derived fragments) (51-53) &9
fragments  LW&NTHb mﬁ]L‘TJumﬁ@ﬁvlajmmsnmni'ﬂvlﬁﬁaﬂ%%ENQIuLLaaLGnETﬁLJVLﬂ nIaene
3‘%‘m'ﬂ°ﬁl,l,nmjwﬁm%’ﬂﬂmé’ayﬁu (urinary dipstick methods) (52, 53) SNNAFIUAING?
ROAANBINLIIUIILVRY  Greive et al. ﬁi’]m’m’j’]é’ayﬁmﬁ@hiﬁﬁﬂﬁﬁ%mﬁ'uLLauauaa
(immunounreactive albumin) mnwﬂﬁmn%ﬁluﬂk&ﬁLﬂw,mmm 590719193 167 T58uylu
woswina lULULa 9L et mmmmaﬁﬁ‘@ﬂ%mmﬁayﬁusl,uﬂaan:vl,ﬁ@‘i’]ﬂdmmwLflm'%a (54)

TENWITBUDI Comper et al. "L@Tm’sﬁﬁ'@ﬂ%mmé'agﬁusluﬂama::ﬁLﬁ‘umu 24-hr Tu
At mnulasSoufisunaieds 12w 3T size exclusion HPLC, radioimmunoassay
(RIA), reducing dodecyl sulfateolyacrylamide gel electrophoresis (SDS-PAGE), L native
polyacrylamide gel electrophoresis (Native AGE) Namiﬂﬂaaowudﬁ%ﬁﬁﬂaﬁuaaﬂﬂﬁadﬁugd
A832%31933 HPLC uaz Native PAGE, Laz32131935 RIA Uaz SDS-PAGE uazian ladnm lag
vnlidaydusiialivl fisoiuuendvadneglugifisuysal  (immunounreactive  intact
albumin) LLazLi‘iaQﬂﬁﬂﬁﬁqﬂﬁmﬁ% SDS-PAG WUId& % fragments ﬁﬁmmmﬁﬂﬂ’jﬁag
ﬁuﬁawyszﬁ (intact albumin) 91IIBEINENFTUINIT HPLC mmwué’agﬁﬂﬁaamﬁ@ fa
%@ immunoreactive W&z immunounreactive (55)

agnalsianufinuisuues Sviridov et al Taudinuneawisuiownin finsnai13s
HPLC mmsnmné’agﬁu‘lﬁmnﬂ’jﬁ‘ﬁaugiuuaamﬁﬂ"ﬂﬂ 1flegan3% HPLC  sanm
anaoaylusiia  immunounreactive Tesetmduanudnlefio  esananuisuues
Sviridov wazame fldvinnsuonlusdiuaniasne lasldinadia sixe-exclution HPLC wazld
ABANI Zorbax Bio Series GF-250 wudwﬂamaaé’ayﬁuﬁumvﬁ dan e nsidomeadia

Mass spectrometry WAMINARBIWLIN AlUsAunaneadia 1% transferrin, Oly-proteinase
inhibitor, OLs-acid glycoprotein taz Ol,-HS glycoprotein VL@‘TQn*’nzaanmﬂﬂaé'uﬁw%’auﬁ'ué’ay

a =1 o v Y a ] o a a v Aa 1 ada 6
Ty wm‘lmmﬂw&mm’sﬁn@aaguu"l@ﬂsmmmﬂmnﬁawgiuuamsﬁﬂ
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d. = a ada o o o e o a
MN1379N 2 Ll]ﬁﬂlllmﬂll’l‘ﬁ@n&e] mmumsmaﬁnmz@ﬂﬂmaaguﬂuﬂam’;:

Detection range LOD
Method Refs
(mg/L) (mg/L)
Immunoassay
Resonance scattering 0.03-0.96 0.02 (56)
immunonanogold resonance scattering- 3 1 3
4x10° — 1.28x10 3.2 x10 (57)
quenching probe
Particle-enhanced immunoturbidity 10° - 3x10" 1.9x10° | (58)
ELISA 0.01-1 0.01 (59)
radioimmunoassay 4-6x10° 1.6x10° | (60)
immunonephelometry nd nd (61)
quartz crystal microbalance 0.01-60 0.008 (62)
Non-immunoassay
HPLC 34 4-240 (63)
Size-Exclusion Chromatography and LC-MS 9-300 10 (64)
FIA resonance light scattering detection 0.005-18 nd (65)
Rayleigh light scattering on 6.5><‘IO_2—
dibromomethylchlorophosphonazo 4.005><101 009 (66)
resonance light scattering decrease
(dibromo-o-nitrophenylfluorone (DBONPF)- 75x10°-5x10" | 1.7x10° | (67)
sodium lauroyl glutamate (SLG) with proteins)
Spectrophotometric method
1-15 nd (68)
o-sulfophenylfluorone-metal complex
Bromocresolgreen dye binding 2.5><102 - 2><104 nd (69)
Bromphenol blue 6x10° - 12x10° nd (70)
AB580 automate fluorescent 2-200 14 (71)
1-50 0.4
AB 580 spectrofluorometer nd 0.4 (50)
Capillary electrophoresis nd 11 nM (20)
OLED microchip 10 - 100 nd (72)
Laser-Induced Fluorescence 1-100 nd (73)
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s - - - - -
4. STUUTLAIBTRDWLIAT WA WIABH (Sequential injection analysis system)
Sequential injection analysis (SIA)  HwnaRANWAIKINIIINHANNITAUFIUT D
a a an . . . é 2
s2uuINaBuInTUEZUNRTE (Flow Injection Analysis, FIA) $9520U FIA 3g3aneranslasia
]1382A8 (standard/sample $#30 reagent & %3U normal FIA %38 reverse FIA (il’]&lﬁ’]ﬁu) Sl
%™ . dl £ L= n:l. 1 =3 dl dl a J
lTulunszugdann (carrier stream) flnamsdanainluviaswialan mMsaswudasniiadn
YueNHIBYiaVA (mixing coil) LLa:Qnmaﬁ@aﬂﬂd@ial,ﬁaqﬁl,ﬂ%aamni'@ (detector) NeawdnNy
dl' e AR % [ n; [ % % 6 @ a d' (% a 6
LTI UNNA Y QI (recorder) SN I RUNBINUUTIN MEN NG a9n1TILe 329
(analyte)
fTULUU SIA ssazanylile laatidalitasnaaaianIlatanLacrIaat1g
ANAAKNIY multiport valve wWalu holding coil MNEGL AN pump ATAULAREULUAM
o o o { . . i o { o =
mamamwwaﬂlﬁmia:mﬂﬁagﬂ,u holding coil MaHwlU9LA3090T7327@  (detector) a4
1 3; =1 a aaAaa A a n:ll g o f v 1 = et
swinwaaimaiel jitemiofannlfouudsddn sransatwinlaiswasinuluszuy
FIA u@luszuu SIA gnzimanzanlunTIaNzR (3% USHNaIaNT 8amMI e Aeniems
o Q =) t:ll 1 a 1o & U
e wazdraulunmstiasns) mmmmuqmtauﬂaﬂuLLﬂaomuﬂaummaﬂml"lmwmuma
WRULURITZTUUNINLAW
U3zl vaIn1I0IIARITLANGILTIUY SIA Inanudsems Aatsuu SIA 1WA
mimaaﬁgﬂéfad LRGN FBIGFEEAIN T3 MIATUNAIAEINE  AATSUURINITD
Fendanumuieujisoiuenlmiviedjisumeduyluesadld uananiidasaninriy
mMIaamaleeglanisazanng  uazldUSunmienses lddszndadrldieuazdioan
@Tunuslumsmaﬁ@ FINNIVBILFENBONINNIZUUNNUT N wba a8
MTNTEUL SIA mﬂs:qnﬂ%maﬁwmsmﬁLLa:aws%anwwluowu@Twu@iﬂa6] SAPVARI
agﬂvl,@TéTa A19197 3
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A1357191N 3

LEAIRIILANUAZENTTININGN 6 NINN19T19I062832 LU SIA

#15N052970

WANNIIUALIDNIINIIA Ref.
SWNATBNTUNNE
lihs@uuaznglas | lanldnannis spectrophotometric Salusaunianuenanau 607 nm uazia (15)
Tutlaane ﬂgimﬁmmmm'&"u 520 nm
asuaffiun uaz a3 | 1F multi- enzyme 184 creatininase (CA), WRZ/W38 creatinase (Cl) uae sarcosine | (74)
wafifiuludsn oxidase (SO) L&1a H,0,e3maadl Wi
Tulasiuazluia Vlmmm:gmﬂﬁﬂmﬂu lulasvindsangnidadaanionlsl nitrate reductase (16)
T a3y LAZATIIAA8AD spectrophotometric
IWHNIATH Bioprecessing
nalaw a32939 H,0, Alindn s817jn3en chemiluminescence (75)
wanlutie uas wanluLfie ‘ﬁ'LLWishu hydrophobic membrane WAL bromothymol blue (76)
wanluilon indicator LazATIIAGILAD spectrophotometric ‘ﬁmw m?ﬂ'ﬁ'u 580 nm
Tulasiau
Biomass AIAGIIAANNNINTIANNYY (Turbidimetry) (77)
IUNIAWRIRINF DA
uAALTE @71270 Ca” o-cresolphthaleine complex 3In&UNT (78)
ca’ + o-cresolphthalein complexone —» ca” o-cresolphthaleine complex.
ek spectrophotometric ﬁﬂ?’]&lm’mau 620 nm.
Tulasrt, lwam | lwan gn36ad law hydrazine Tuannazeng (79)
u lwlast lwlasyl AlévnufA%ndu sulphanilamide waz
naphthylethylenediamine 'l coloured complex a32930 ] Andueeis
spectrophotometric ﬁmmmm'&"u 540 nm
Wasine a31930 Mo(V) fildanaumasiu3T spectrophotometric (80)
H,PO, + 12 H,M0,,0, —» HyP(M0,0,,) + 12 H,0.
Mo(Vl) — Mo(V)
INUNWAKYATIUNTIN
Lead, nickel, ATIIAGIUNANNTT ICP-MS. (81)
vanadium
“sr *sr wun'léan other radionuclides §38M3 extraction Melunadul uazasiada | (82)
a8 flow-through liquid scintillation counter.
SN ABLAFTINEN
NasAn #371270 Acidic potassium permanganate lagl5%anns chemiluminescence (83)
WITUTANBA andenannsvasljisentulasotu leswisasaweasidjisonussazais | (84)

laaonlulasd luaniznsa laansdszneuibiadios waldulodoylaasen
lare azleansUsznaundanuiadusiiudn sansUsznaun lea st luaniy

LuaLLazmminmmi'@mi@@ﬂﬁuumﬁ 430 nm
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ASN1TANRWBANTIVY

g1saNuaziien

1.

Reagent A (Albumin blue 580 potassium salt solution (AB 580) LU#RWA19NNLTEN
Fluka Chemica AG (Buchs, Switzerland) Product No. 05497

Reagent B Tuawdspitldidn Carrier buffer Us=naudas MOPS free acid 11.1g , NaCl
12.0 g , EDTA disodium salt 1.0 g , 4&2 100 ml of 2-propanol U5u pH 1#lé 7.4 + 0.2

@18 NaOH uazdanasgarulild 1000 mi dawsh MiliQ antunsadsy 0.45 Lm

Tagldnszamnsassiia Cellulose acetate LAuTWNasH 4 °C anninihanldou
Calibrator ~ diluent l¥dwiuieTuaasazaudayiiuanasgu Calibrator  diluent
331903 500 ml Usznaudas KH,PO, 2.7 g, K,HPO,.3H,0 1.18 g, NaCl 4.5 g, EDTA
disodium salt 0.5 &2 human IgG 50 mg aInzaefiasonle pH mianga 6.0 +
0.5

. i ) o v A fr A ™ A v aaA Y
Microalbumin assay kit E‘T’]'ﬁill']LﬂiqzﬁaﬂywuluﬂaaquLﬂiﬂﬂL'ﬂﬂUﬂU’JﬁﬂW@Nuqu@]

\JugaasiaseudiagUannuiun Randox Laboratories (United Kingdom)

o -~ ¢
Lﬂsaaa\lmquﬂﬂ‘sm

1.

Lﬂéa\‘i Sequential injection analysis (SIA) Usznaudie lo3ustu (syringe pump) (Cavro

XL 3000, Cavro Scientific Instruments Inc., USA) lagld ls3ususunas 2.5 mL wasdl port

NINUA 6 port (Cavro Smart Valve, Cavro Scientific Instruments Inc., USA) ﬁmamiugﬂ

n2

LA384 Fluorescence detector (RF-10AX Shimadzu, Japan)

Lﬂ%aaﬁa'ﬁﬂlus] LB Lﬂ%ad"ﬁ'\m’]i, pH meter, magnetic stirrer, centrifuge, vortex mixture LLag

@384 ultrasonic cleaner
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3112 1A389 Sequential injection analysis

RIA81ILATNITLATYN

o . £ & @ &
1"ﬁﬂaﬁ’]3$ (fresh urine) ‘ﬂ@LﬂUﬁ]’]ﬂaﬂ?ﬂLU’]'ﬁ?’]u ﬁ]']ﬂIi\TWﬂ']U’]ﬂﬁlW’]aﬂﬂimLLaz

1SINENLATNTID 1IN 72 A% (n = 72) NI lNYMsaTIlanud ihilssnizunindas
Sodium azide 148@3183% 1 mL : 2 pL wiasnsnanwdasnie

AauriinIasiala daanzanduiriesnanasy 3,500 rpm Wuan 5wl
nnunusndmlananiaaululesdayiiv
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IAADWANTA TR
1. nsfaasszuy SIA dmsuaviaszaulalasdaydin

fwlIznavvedTzuy SIA LL&@GI%ETJ‘?; 3 Usznauais 2.5 ml syringe pump §1%IUIN
carrier buffer Lﬂ'ﬁgj‘izuu &1 YU 6-port selection valve o port 7t 1 g&lﬁﬁmsgm{ﬂm AB 580
working solution %31 port 7} 2 ﬁm%’ug]@éoﬁaashw%aé’agﬁummgm §WSU port 71 3 a0
reagent B MHlUNIHa197@ sample blank (@2889U88ZHENAL reagent B wazian3iiad
usINgaaLIRLTu) port i 5 L%amiaﬁ'UWQaanamm‘?ﬁmmm% waz port 71 6 Fwsuilaas
SERIE IR

AauinmInaasdtintingn A (Reagent A) uas 1H1en B (Reagent B) aanangiu salw
pawnnyinnuganniivies uazindawasaima Reagent B TagLa%as Ultrasonic 3NN5ma3o
AB 580 working solution flaildnaduagnoan Idsasm Reagent A ¢ia Reagen B fi 1:25
LYD

mia:a’mé‘ayﬁummpu \@3uulasazany Human serum albumin Calibrator diluent b
fanuLdNTUTI9 0-200 mg/L las@3uNan stock albumin standard ANNLTNTY 2000 mg/L
uazdnyiinanasgu ameioulninniu

rTﬂ"laJ'vl,@TﬂﬁinLﬂuaziw%"ué’ﬂé'unﬁg@mil,%izuu U393 Iga wazsasmsnafild 6
uaaslu an319il 4

AB 580 assay reagent

Standard/sample

Waste
1
6% 2 |6-sv
543
Reagent B
- ===
- BOO000
== B58H8
—— [5[= =]=[=]
Carrier buffer
—_—
Syringe pump Fluorescence detector

Computer

{ ' = [ . ° o o
3UN 3 usesdIudizneuvedsuy SIA H9diznaudiy 2.5 ml syringe pump &1MIUIN
carrier buffer L“fl’ﬂf;jizuu, 6-port selection valve lag port 1 g}@ﬁﬁm AB 580 working
solution, port 71 2 @AFIAIBLNINIBENYTUINATIH, port N1 3 A reagent B, port 1 5 LTawda

o e & P o o ' a A
ﬂUWQﬂﬂLiﬁLsﬁu@l@L‘ﬂﬂL@]ai Was port N 6 fF1IUURDgVILREN
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P> o % a 6 v
178N 4 ULRAIRIOUNITATIILAINZNAIYTZUL SIA

Port of
Valve of Volume | Flow rate
Step Operation selection
pump (uL/s) (uL/s)
valve
1 Aspirate carrier buffer to
In - 1200 200
syringe pump
2 Aspirate AB 580 working
Out 1 100 100
solution
3 Aspirate standard/sample to
Out 2 100 100
holding caoill
4 Aspirate AB 580 working
Out 1 50 50
solution
5 Dispense mixture to
Out 5 950 25

fluorescent detector

2. Optimization

2.1 nagaUaANENNIILAIBNRI181 AB 580 working solution Ninanzaa

ANNUILVDI Kessler 8aTIHIHIZAINY Reagent A NU Reagent B A 1:50 W@

El&i’]\ﬁvtiﬁﬂﬂlllud’]%%ﬁﬂﬁ WUINDITUTIAVITZ UL SIA HANULANA1INNNITATIVIA L UIELL

Batch

Aa va & A a ! ' a o
V]&lﬂqiﬁl“ﬁﬂﬁllﬂ@]@l L%aﬂﬁnﬂiz'ﬂ'ﬂ"ﬂa\']vLﬁﬂllﬂqﬁLLW3°ll 2J817NN Ulu‘ﬂ 2YTUSHNITAIIIA

Q g: a v ﬂ‘rd v s 1 dl o a = :/ .
muu‘lummﬁmuﬁmvl,@ma'«naau DAIRIUNLANICRUFIRIUNIILGILN WL AB 580 working

solution lasmnaaadinen AB 580 (Reagent A) @a carrier buffer (Reagent B) laamain

1:10, 1:25 uaz 1:50 uazlunisnaasslildr@duniga AB 580 working solution : Sample (uL)

w75 :25 pL uazanadntudayiiunliluninasasdia 50 mgll

2.2 ﬂﬂaauﬂ%mm{lum‘s@ﬂﬁﬁm AB 580 working solution Ntanzaa

MINAsaItFaaIUV8d AB 580 working solution Aanzanuazltlunsnaassfa 1

25 lapli3anasvas sample 97l 100 pL wazenudududayiunlilummesasia 25

mg/L USanasvasthenilaelsunasasdsdaesng a9t 25 - 100, 50 : 100, 75 :100, 100 :
100, 125 : 100, 150 : 100 uL
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2.3 nagaul3anaslunisgaRealadi (sample) fiwanzas
lasnanasgaidiacn ludSanasheaiu dat 25, 50, 75, 100, 125 uaz 150 pL
laglfUSanarvessien AB 580 working solution A47Ifl 50 pL uazANwTuTuaayiiualElu

MINAaadAe 25 mg/L

2.4 nagauarauzasn1saaarnd llluszuy
a v g: ‘;‘IL vl 1 o L = o v aaa a ‘3’ =
lunvisaayent @wmimaaaamwm@umsmmsgﬂLmﬁl@ iU e Radus7
I@ﬂﬁmmvbmaamimaﬁﬁ'@gaq@ gﬂLu_lmlaoéwé’umiﬁ@miﬂﬁmaauéﬁﬁ
- 99 AB 580 working solution naw LLS”’J%G@@ sample
- 9@ AB 580 working solution naw LLéV’J%ag]@ sample ez AB 580 working solution
ANAAU

laglumnasasimualigadianarvesdsdandnanafif 100 pL

2.5 nagaundInasvas carrier buffer Nnanzaa
USuasvad carrier buffer NlElumInaasilinada baseline wa3 fluorescent peaks

SeiUTnenhe ldioawe asiliusesfialiGey lunuistimenasld carrier buffer
USana3eng9 699 600, 700, 800, 900, 1000, 1100,1200, 1300 Laz 1400 L

2.6 NAFaUAAIINTT Inia (Flow rate) NMiwanzaa

d‘ e dl :’ dl aaa L Qs g/
Lwagamﬁmsvl,v\aﬂmm:amaammwiﬂuﬂgmm Tagnaaasldaasnniyiwavasringn

fiannuisaengg a3il 10, 15, 20, 25, 30 pl/s

3. Characterization

3.1 fnwntfidsiwam lasuninaiaiale (Assay range) LLazm@h@‘iﬂq@ﬁ@mﬁ@VL@T
(Limit of detection)

3.2 ANALLUREN (precision) LLaz reproducibility

3.3 NARAUWIE1IIUNIH (Interferences) @199 baun LUs@u (transferrin, 1gG, pepsin),
drugs (acetylsalicylic acid, indomethacin, aminocetaphen, ibuprofen), 2-ketobutyric acid,
uwosneiln ueda (ascorbic acid), lmiAsuaaalsd (Nacl), ngla (glucose), Hlulnaiu
(hemoglobin) waz T&31w (billirubin)

3.4 Method validation
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Lﬁaﬁnrndw%%ﬁ%&muWQﬁRWNWin@iaaihizﬁbquiﬂiﬁéyﬁuﬂuﬂaaﬁaziﬁaa@ﬂéﬁdﬁb
A7l wiesfiameialuwield lumsAsuasstlfiSoufsunammanasiileiuisenide
(3% immunoturbidimetry) 1ag/l4 microalbumin kit 310 UM Randox Laboratories Laz3iaen
mi@@ﬂauumﬁ' 340 nm @iﬁmﬂ%ad UV-VIS spectrophotometer (Evolution 600, Thermo
Scientific, USA)

I5mInaaes Tiaqd reagent buffer YSunas 0.5 ml ua sample/standard USanas
0.05 ml  waNliit A uﬁdﬁﬁqﬂihﬁﬁﬂwsg@ﬂﬁuuaaﬁ 340 nm (A1) NN antibody
solution Y3a1a3 0.05 ml wanlidnnu ﬁﬂvlﬂq'uﬁaqmﬁgﬁﬁaa Juaan 30 wfl waii e
ﬁwnwsgmnﬁuuaeﬁﬂﬂéﬁ (A2) FhnssienTNInaIgIuTiia semilog  sznINNANNTNT
2048AY TUNUHAGHIVBIAINIIQANTUUTS (A2-AT) Lﬁaﬁwqﬂ%nﬁﬂﬂawxnﬁmﬁumaaﬁéyﬁuawn
§9608n9 lunmnasasiimimuguamninlasiinieiaia control Yamasszaufinwiou

ﬁ‘uq@maau
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NaN1INAaaILaznITanldINgNanIINAaDg

1. a@I1dInK181 AB 580 working solution Nitranzad Twszuy SIA

W AB 580 working solution  Al#lunsnaassdsznevlléas  AB 580 dye
potassium salt solution (Reagent A) LLaz Carrier Buffer (Reagent B) I@UﬁmsﬂdauﬁLﬁuﬁzau
%719 Reagent A ¢ia Reagent B @TaaLﬂué'mwdmﬁLfiaﬁflﬂﬁﬁ%mﬁu?}aé’aazhal,l,é"’ﬂﬁmm
hyssdganuusingoamoudgige lwsnziduinuaislilianm 1121 Albumin blue 580
(AB 580) wtonq ialumsUrnda lumsdssasiilavnnmsanulagldsanain Reagent
A do Reagent B @a 1: 10, 1: 25 uaz 1 : 50 & wsuia3oasiien AB 580 working solution
ANuLuTuseIayln (Sample) Aldnasouia 25 mg/L USu1@3w89 Sample wazUSanasvos
#1en Albumin blue 580 (AB 580) @@ 25 pl uaz 75 pl AWAIGU  WAMNINAREINLIR
§anam 1 : 10 anuhussdyanawasmigeasamudgega lwandlddandim 1 @ 25
waz 1:50 Ay musIvgealTmaudIzanadlIzinm 10% foudnfisamaan 1 : 10 1w
anahzasFy g usaNgaal TR TUAFIRa ;ﬁ%’ﬂﬂﬁlﬁaﬂ1°ﬁa°'mﬁ§hufnﬁaomﬂﬁé’@ﬁﬁhuf:
a=14U50m i1 Albumin blue 580 (AB 580) dewdnsnndeaniumsawdass  lums
m’mi’@ﬂ%mmm’mLiT&liTumaaé’agﬁuluﬁamazﬁmﬁ']m Albumin blue 580 (AB 580) lag/ld
5287196 (Cuvette-based method) 1d8amaan 1 : 50 lunnsieRniinen AB 580 working
solution (10) udiflasannsrsumavasszuuaasing (flow based method) azmMIUnIVaIFIN
ﬁaamﬁmswzﬂﬂﬁam‘%'aam’saﬁ@é'tymnmmwgaaL‘smsﬁmﬁmﬂ@i'mnﬂmsm’sai'ﬂiﬂ511%”‘3%
A1106 (Cuvette-based method) ¥il#aasdin1swiaaaIn Reagent A 6@ Reagent B i
wanzaalval lunsfiazideninesldaasain 1: 25 uay 1:50 1 fadnldnasaulan
WisuneunWNaITIHea I NUTUTH 0-200 mg/l MNHANINARBIWLNINEATEI 1

50 Hafianuiansannniy m’Mmmgmﬁ"Lﬁﬁ"ﬁ’mLmundwmﬂ"ﬁﬁ@mmu 1:25
WONIINTHEATIH I Reagent A @8 Reagent B ﬂ'aﬁNa@iammvh"uaaé’zyapmumvigaama
Lsﬁmﬂ@mawwzLﬁalﬂﬁ@mai'@é'ayﬁuﬂ’smLﬁu*ﬁ’uga é’agﬂﬁ 4 A9 LTUITHINNEAINEI
1:25u8z 1:50 (falddassin 150 lunmsiaanuiduduvesdayfiv 200 mgl A7
huasdyanuusingoalaisudazaaaslszanm  50% dafisuiunslddandiu  1:25
Tuwaefldsanain 1:50 luﬂwsi'@ﬂmuLﬁu"ﬁumaaﬁagﬁwﬁmiﬁ 10 mg/L wuinanuhaed
é’zyzywmumﬂgaaLiamu@ﬂﬂLL@m@mﬁnﬂé"@ﬂﬁhuﬁ 125 MAGHAGINGTT I8N
9013187% Reagent A ¢ia Reagent B # 1 25 lumse3outiaen AB 580 working solution
a%m%’uﬁwmsmaamﬂmimaaa

lunsldeanain Reagent A 6@ Reagent B #1:25 wwwuindanuaseIvedinen
winan ey 8 Tlug nasoulaslfanududuasdayiu 100 mg/l  vhnsasaianng
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2 Mlunduwna 10 Tl wuhdygsussdgaasmaudnaiuly 8 Talus  Aaidu

92.36% WAY 86.32% Lialdoamaint : 25 uaz 1 : 50 @IWEIAU WANINARBIAILEAI L
P

@13197 5
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o 40 A C
o
c
@
8 20
o
(@]
3
LI— 0 4
0 50 100 150 200 250

Albumin (mg L™)
;sﬂﬁ 4 LLamﬂﬁwmmgﬂuszmwmﬂ"fﬁ'@md’;m:%dw Reagent A ¢ia Reagent B 1
anudndu 1:25 (@) uaz 1: 50 (O)

AN 5 HANITNARBUANNAIAVIHNEN AB 580 working solution

Remained signals
Time after preparation (h)
1:25 1:50
0 100 % 100 %
2 111.87 % 93.19 %
4 98.20 % 90.74 %
6 102.49 % 90.30%
8 92.36% 86.32%
10 83.74 % 74.75%
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a a o ' = Gl
2. snasdinladnd (Sample) Ninanzaa Lwszuy SIA
= a A @ ' A Aa v & dw ) v
MIANHIMILTUNIEIG0819 (Sample) Miwanzauluuiduassh Mwualiszuy
Qaen AB 580 working solution USaNaIAINN 50 L warQaFIEIAIaLIIINATIE1 Y
Tuz29 25 - 150 pL lasiiugaas 25 pb wanInaaeduaadlugiin 5  uaeIAUENRUT
szninaNugsasianulTINaREIdag AN NTuIaYlin 10 mo/L FyanmuzIWaaaLIw
ed A X o o o A a A a X ' = a a
uaniAndninsadnlagasinuUSaiiisiaanivedu - agvlsfony maRulsunes
a ' a ' =] ' g &a o v a 2 a
FadsaTIaLiu 100 pL wudlddnadedyainussngoassmudniald uazniaiadianasie
§99329LAin 100 pL e lduniiuwednsumavidisennuinen AB 580 working
solution AI%BluIUITBATINTIRNITUTINATRIFIATI? 100 L

14
)
T 12 -
3
P
@®
= 10 4
a
[
<
T 81
R
)
-
% 07
)
Q.
5 4
8]
)]
o
S 2
T

0 T T T T T T

0 25 50 75 100 125 150 175

Sample volume (ul)

‘:I e o [ 4 J o o 2 QI a 1 dl
E‘]J‘YI 5 LLﬁ@x‘]ﬂ’J']1]ﬁﬂJW%ﬁiZ‘V\'J'Nﬂ'J’WJVL'JTa\‘m"Iﬁ@lTJ‘ﬂ'J @ﬂﬂﬂiwﬂﬂiﬁd(ﬂ'}aﬂﬂdﬂiﬂ%

J2UU SIA

3. USaNa3289%181 AB 580 working solution Mwmanzan Tuszuu SIA
nnuamInaassdiosdunuin Usinasuedinen AB 580 working solution L&z

USanavRegiasrafinanzanie 50 uL uae 100 pL @us1au waziaidumsaneningasin

299N AB 580 working solution ﬁlﬁfuLﬁmwaﬁaﬂﬁé’mgywmum%lgaaLsal,enuﬁgaq@

wia il Aldimamasaslilinisgainen AB 580 working solution 1U3unasdngg Tugas 25 -
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350 pL mwLiuiumaaé'ayﬁum%maau Ao 25 mg/L MInaaadlutiawsnlesauansiung
Yyl i3en ﬁogﬂﬁ 6 (LUU A) ﬁag]@ﬁ’lm AB 580 working solution ﬁauLLﬁagméada@sqa
MUNNANEINL HANINARD LLamlugﬂﬁ 7 (Jaldddu A) (duiin) WU
USanasa9ingn AB 580 working solution ﬁﬂﬁm’mvhmaaﬁfyryﬁmmaanawﬁu@iﬁ'wmn%u
é’tyrynmuaoﬂgamsamuﬁa:ﬁumﬁﬁaﬁ%mmmaot{ﬂm AB 580 working soluton ¢
5inasiadaatng u 100 : 100 pL S'i?aﬁé’m’]muﬁmmmLﬁuf,%'mumﬂmumw;iamsmsﬁuﬁ
Tutlszanm 20% aifaununsldsaain 50 : 100 L
uanmnffu;ﬁ%’mﬂ'&ﬁﬂmsﬁﬂmeia’hﬁﬂmmﬁuﬂ%m@m{ﬂm AB 580 working
solution mé’amnms@@éammm (gﬂﬁ' 6 uuy B) ilnarhlianuhvassyyrmgasiss
wmudivanndurseld  HanImeaas LL&@GI%Eﬂ‘ﬁl 7 (dlolddey B) (1dulsz) wuiimatia
U51nasi1en AB 580 working solution 8n 50 pL FavnliBnaTnvedinen AB 580
working solution  luszuniu 150 pL axduavilianubhussdypmgessmaudiiuann
Fuannidudszanm 50% Wafisuiudeumsuuy A mstRudSanasingn AB 580 working
solution  luasmasiwumniRufiunin 50 pL ez lidnadannuhvesdyanungeatss
LTUG @Tdifuéiw‘fua’ml,w@@ﬁwm AB 580 working solution (100 pL) muﬁmg@éammn
(100 L) iz g]m{ﬁm AB 580 working solution (50 pL) Sﬂﬂ% AUAAY FIRAUNZINEIRT
mianaialuszuy SIA laslidyginnsaiiagege
aﬁ'wvl,iﬁmuLﬁaomﬂwamimaaaﬁvl,ﬁﬁﬁmimaauﬁ'ué’ayﬁumwvﬁwﬁu 25 mg/L
Gaduanududue luﬂﬂﬁ'%'m%”'af:%dv[ﬁﬁwnﬁﬂ@aaaI@Ul%é‘agﬁummLiuﬁulu‘*ﬁaagoﬁw
laglaananudad® 100 mg/L LLamamsmaaaé’mamlugﬂﬁ 8 %GLL@ﬂﬁﬁdﬂﬂﬂﬂﬁilfgaHﬁ
UAMULTUTH 25 mg/L Lanitag namInaassuaasldiiwimMaAnsiig AB 580 working
solution ¥inlanalhmsamaiafiniu uazBuesfiilaiutsunasingnde 200 pL udagnsls
Aau wu*jnﬁaiﬁs:uug@ﬁwmﬂ%mm‘smﬁgmm 200 pL anwhaasmsasiaiaindwiie
20% WatsuifsuiumslEUsinesinonvanue 150 pl asinlumydsuassi fAUNNI9A
a’ﬁﬁLﬁaﬂl‘*ﬁ@ma@ﬂﬁmaadﬁa AB 580 working solution (100 uL), édﬁ’;ﬂﬂ’]d (100 L), wae
AB 580 working solution (50 pL) @N&IGU  lauRaNTMINNANNRINZRNITRINNANN
fwA0suoatingn AB 580 working solution wazanuhussdyanussngaaiIsau
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WUy A AB 580 working solution Sample
100 pL 100 pL
WUy B AB 580 working solution Sample AB 580 working
100 L 100 pL solution (50 ML)

sin 6 LLams‘hﬁums@@mﬂm:w SIA WUy A ﬁaéwé’umig@mmwg@ﬁﬂmAB 580
working solution riauué”agmﬁadamawmm LLS]”’Jsia"l,ﬂiTam%aa*T@ﬁfyty'\mLLngaaLsa
LIUG HUU B Ap é’]é’fﬂﬂ’ﬁ@@am,l,w@@ﬁ’] 8NAB 580 working solution riauuﬁag@ﬁa

§9A329MUNILAIINLIAB 580 working solution Bna3s wsr39aslUganIasind I

LLaGWQaaLsaLmu@T

40
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e
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beb) i
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=i 1
T
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AB 580 working solution (uL)

3N 7 LLamNamiﬁﬂmLﬁalf*ﬁéhﬁuﬂ"ﬁg@mil,t.uu A (\FuL) uaz wuu B (dudse) las

IFgayuanuidudu 25 mglL
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AB 580 working solution (L)

3UN 8 usaswansAnslaldiaumIgasIuuy A (§uity) uaz uuy B (1Judsz) lag

IFgayfiuanuidudu 100 mg/lL

a . (%) [ {
4. 1J301@3 Carrier buffer LLay a(ﬂS'll,S?ﬁLVi&l'lzﬂ&l

lwnwidesstivins@inwuiunes Carrier buffer luga4 600-1400 pl FATaWLT
15815 Carrier buffer ®aan3n 1200 L luizswadwsunsuanansnay ldNeIedia
@ & o ) . a a & oo ' A AN [
FyanuaingoaImoud wazrhli baseline ity BnnadaldyUivvasiailiauanas a9
P a & o Aa | ' a A [ & Ada v . A o o
uaaslugn 9 Bnnisiadninadezinvasiia fe davusindasadngiaiasiadyym
6 = o @ & Ada ) A o o
LN Qo aLIRLTUA lunsnsfAdulddaniiinfemadrginiesiadyyinuaingaalsa
& \ v o | o a | & Ada v
e 1u19 10 - 25 pl/s udFunazling uazanuniezesfia wuhdasuinndesadng
dl' @ as 6 dl A dl' va n; v
iRy MuEINgaaTIaUd lwanzay fa 25 plis (HasanldRanunanuazlgion
1 =) A Q 1 g: > { 1 ¥ o v Q = 1 v
damaneriniliaiasnigu aaTNNInninia1avin i fluorescent flow-cell TuusIan Lai'la

Falaldvinniananas asuudidedsldiaenlduiunas Carrier buffer 1200 pL uazdariiania

De

sdgiasesiadyynuaigealTsaud 25 plis aRaanInanaduazwuinan1d

b

v A @ . % @ ' ) o { A o . a
J:uUy SIA a’]u’]iﬂ@i'ﬁ%'ﬁﬂaﬂ@’]aﬂ’]{ﬂ@ 37 @]'Jaﬂ']\‘]ﬂ']ﬂlu 1 °]j']<[3J\‘] ﬂ\‘izﬂﬁ 10 %G%U’J’]’J%ﬂ’]‘m
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o £ < aa A v A o . v & o a
W AW IuITNIN high-throughput F1NNTAATIVIARIABEN bLTILazIWIUINN LHafisy
ALNUWITLVDIMIWILAZATAE 320D (15) Mlewamizuy SIA  éwsuanaiallsauly
88012 UAISULRINNINGTIIAMIINGS 6 @2a896a 1 Talud  wdatglsAeuzuLuad
U e 1 A v oA 1 a v g: A" A a A
AnzIIgaInaldaduazuandsnUIBA I ﬂamm*mmaﬁ]ﬂimmIﬂimuLLa:ﬂQIﬂa

o v K/ g Y a & 4 A @ | @
1%ﬂﬁﬁ']’l$W3E]3Jﬂ% ﬁ]\‘]Lﬂ%ﬁﬁL%@ﬂﬂﬂ’li’lLﬂi’lz‘ﬁ@]ﬂ%%\‘i@nﬂﬂ’]\‘ll“ﬁlfmﬁ%’lu

H i
{

]

Carrier Buffer Carrier Buffer | Carrier Buffer | Carrier Buffer

Carrier Buffer !
' 1000 pul 800 uL 600 puL 1400 uL

1200 uL

40 i

204

cear r UL
ol MAAC A A

31]7'1 9 LLamgﬂs'NLLazé'ﬂHmzﬁﬂmﬂmﬂ“ﬁ Carrier buffer 4331036149

50

& 213 40 Gl
min

U7 10 uzasdwniadiadanamalanmelu 1 7alus lavszuy SIA
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5. N9 Mu1@3g I (Calibration curve) uazdSamansciadnasngan

101970032977 LA (limit of detection)

myafanmwanasgwilasldanuidutuvesdayiin (Standard) lugas 1 - 200
mgL  wuhiituenududuaszemiliensdsauinludiazduvanudududg Ao
2 ac & a { i o
1-25 mg/L (F = 0.998) TwauiTpAgrsveInThaTzihe 1 - 200 mglL 3uf 11 sumsnla
MNNTNINAIZIU AB y = yo + ax / (1+bx) lay y fia Sy ousangeassaudniald ua:
X fa dinmenududuzasdaylu (mgll) & yo . a usz b udiasildannnu
VNI SNBMUDI non-linear calibration curve 7 leLdusNBMzIaNIZVDIRENNINTLE
fluorescent dye-binding uaziduanwazi@InuewIdenawriih (10, 11) anuLTuT®
@iﬂg@maoﬁayﬁuﬁmaﬁ@ﬂﬁ (limit of detection) FWITMNIINANININNINARBILALIA blank
y o , 2 L . . -
T9lunInaaasdhld calibrator diluent N9%UA 10 ATI AWITWANAT mean, SD 81989310 S/N
= 3 anudududigarasdayiunaaiald fe 0.3 moL Fadutfumdesnin uaziany
U @ A ‘é U v ol L a { L v
hilndiAnsnuiTues Kessler uazame (11) Sflanudutudigavasdayfinfianaiald da
o [ a 6 s a 1 1 d%’ U g; 2
04 mglL dniumIaraienzinnlulasdayfivludaann: ndndudasdutiuaianald
=3 o & Aa v & :‘i/d A = a A o
9 1 mg/L a9nuszuy SIA lunuiddsassdt Jslanuminzanuaziyszansanwlunmsanaia
anudntuvasdayiinludasi: lasawizmianaluszazusn g sasanualndnisle

120

100 -

80 -

60 1

" y = 1.5802 x / [1+(0.0111)x]

Fluorescent peak height (Arbitrary units)

20 A

T 8 T J T g T

0 50 100 150 200

-1
Albumin (mgL )

sUN 11 usaanTanaui ldinnnianaiaauaayiuanuidudulugag 1 - 200 mgiL
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6. Precision LLaz Reproducibility

N3AWIL Reproducibility v‘iﬂcﬂmﬁ’]mmmnnswvxlmmgm 4 a5sRvnEns UL
Juduan 4 Sudadant KanINaasInuInsaTIiaseszuy SIA TeaAa reproducibility
7@ Tawfien within-run CVs WAL 2.3-3.3% Waz between-run CVs winiyu 3.8%  uaziiie
maaw‘hmsi’@mmLﬁwﬁumaoﬁayﬁuﬁ 15 mg/L uaz 100 mg/L lagvihdn 15 @33 (n =15)

wudwﬁmmu&iuﬂﬂgﬂmﬁm R.S.D.s t¥iNNU 0.9 % Waz 1.1 % eNNS19U

7. HANIINAFBUEITTUNIN (Interferences) 1UIUNITATINIANILITLUY SIA
NNMIANHIVEY Kessler  UAzAtUE Beldns Ao iUNaaITIILNIL
(Interferences) 1% &1, 3013w, 1U3GuLaz metabolites 6199 Tudasiz wuin asaenana sl
IUMUMIATIINDLWARBEINY (1) é’affuﬁm%’ums@rsaﬁmzﬁuvlﬂmé'agﬁusluﬁam’s:
feszun SIA - msasnanas e inasuniumsaatadeitiauiu udagslsieny u
nwislaSnsnaseumsTUNIULITRadIs efiudurnanmmasas aougedluansisi 6 1u
Gﬁuafﬂﬂ%gdﬁﬂﬁﬂ@ﬁaUﬁ’]‘ﬁUﬂ’Juﬂ’ﬁ@l‘S’Jﬁ]’TﬂgﬁlHﬁ‘iﬂ%ﬁﬁﬁ’]’)z laun  lus@udneg  wou
transferrin, IgG, pepsin, 81UNTHA LT acetylsalicylic acid, indomethacin, aminocetaphen
WD udw nwﬁamaau’j'}ng‘[ﬂaﬁNa@iamimaai’@ﬁavlaj NANIINARDINLIN NMINARDURNT
sumuil % recovery ﬁﬂau%'uvlﬁagiwﬁu 97.3-102.7% s wnsudlulnadu (@nududu 200
mg/L) TUMIBNNIATIAIALANTBE U recovery 91.8% dauﬁﬁgﬁﬂﬁﬁﬂmmaauLﬁ'mawﬁaU
Lﬁaamﬂﬁagﬁmﬁﬂﬁmsmuﬁ'ﬂ (conjugated  bilirubin) mawuluﬂam’;:maaﬁﬂaﬂﬁ 7N
midnmdaziuenududu 80 mg/l wuhsumudjisonmienainetaiuldta lasdl %
recovery NNy 84.9% m@;wa‘ﬁ'ﬁﬁgﬁummmﬁuﬁy‘aé‘fyzugmmsmaﬁ@"lﬁ Lﬁaamﬂﬁagﬁu
mmsnu,ziaé’mq_llﬁuslumﬁuﬁuﬁ uwdagnalsiony lesanlugnnzdnd  linudastulu

U

Tasnaz wiawudFunne 9 dasunssuniudiedaziuislihandszduiansan
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M1319N 6 URAIHANINAFOLEITIUNIW (Interferences) msmaai’m:é’ué’agﬁuluﬁamaz

A8z ULU SIA

Added interferences Added concentration (mg/L) % Recovery

None - 100.0
Transferrin 100 97.3
2-ketobutyric acid 1 97.0
IgG 1000 102.7
Acetylsalicylic acid 100 100.0
Ibuprofen 1000 94.7
Indomethacin 10 102.7
Aminocetaphen 0.59 97.3
Pepsin 590 97.3
Glucose 20000 100.0
Hemoglobin 200 91.8

10 96.4
Bilirubin 80 84.9

10 92.4
Ascorbic acid 100 95.8
NaCl 10000 96.6

~ [ a ¥ . . gm .
8. NI UNUISD1989 (immunoturbidimetric method)
2 o v o = P AN o o AN o
;d';wvl,@mmsmmummuwamimaam"l@mmzuu SIA MU HANMINARBIN AN
3037970 las I ®ann13 immunoturbidimetric LNaLwnITUIEAWINTZUUSIA TANMUANIZRY
wia Wilumsihanldanaianuduiuesdayfivludaanzasihownnnu  widuaisi
1aldszun SIA Iumimni’mmLiT&liTumaaé’agﬁuluﬁama:maa;jﬂaUmemfﬁ'}mu 72 8
logehanuidudusasdaylunld dwinswnanaumifldannnsiinswanasgiu udiheg
v A [ a a . - . s A { A
YU UNUATAN989A03T  immunoturbidimetric  method gaduazntaulsln
wasdfuanimal)  wamswSsuifisuwudn dnleenszuy SIA ldnsfisaaasasnuisnle
=) 2
1NAT immunoturbidimetric (© =0.965) FYN1IANAANBY A8 y = 1.037 (+ 0.039) X + 4.34
& ad A v o ¢ o & a ¥
(+ 0.324) WinvemaNlaNUFUNUTAULDLENYTEE I0AAUNYU y UAT ANNTUBDINTIN AT
a 1 = o Q 1 ~ g; Addql v
VEWHINU 0 uaz 1 eud1eu addlsAaulunImasasvaInIgadsdse T Standard WAz
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Calibrator L@N@19A% La83T immunoturbidimetric 3214 Calibrator "?'imﬁ'U“g@‘lj’:ﬂm IRl
32U SIA MIaiaasld Standard fiedpadwesludasfiins lasa3onain human
serum albumin ﬁu%qw§ é’ai‘fuqﬂé’mmu y UazanuTy 3915 4.34 uaz 1.037 aus1au
oldaiafuimiidn degree of freedom 70 fiszdumnuidant 95% (alpha =
.05) ¢é1Inna (Critical t-value (t ggps70)) A0 + 1.994 @1 t-value YoIramedI TNty 43.705
%amﬂaglwﬁ’aﬁﬂqm é’afuﬁaﬂﬁmmmﬁgm (HO) %aagﬂ"L@T’jﬁ%ﬁWszuu SIA lumsasaia
seaudayiiuludaazuazds immunoturbidimetric ianuFuRUsIUadIdRBAATYN1ISAR 7

JTAUANNLTBIU 95% (p-value < 0.05 ) NTINUIAIAIFUN 12

300

250

200

150

100

50

[Albumin] by AB580 SIA system (mg L™

0 50 100 150 200 250 300

[Albumin] by immunoturbidity method (mg L'1)

311 12 Lﬂ‘%smLﬁmuwam‘sm’;ﬁmzﬁué’agﬁuluﬂamaﬂuﬁamazmadﬁﬂammmm@ﬁsl

3200 SIA Tinud39ast NuRaNINaaaIn laannn1IaTalalaglFwannis immunoturbidimetric
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a;ﬂwam‘mﬂaaa

IMNAMINAROLAIEANILALAANZEN  (optimization)  §1ASUMIATIIATZAL bay
Imé’agﬁﬂuﬂam’;z ¢183:UD Sequential Injection Analysis (SIA) laglda31309u&3 Albumin
‘ij o aaa [l o > > a ¥ o o (d‘

Blue 580 Tyvzvhujiienadnsdnuwziudayluludlasizudriadygmusangaaisaiaudd

]
=

n X v o .
\iawlagld Excitation wavelength Laz Emission wavelength i 590 #1liluas Waz 610 W
Twauay anudeu sansoagdldasii
1. AANFEIUNRUNTRUEIRILNILAIBLINE AB 580 working solution fa Reagent A (AB
580) : Reagent B (Carrier buffer) fa 1 : 25 uagwuiI1 AB 580 working solution
[ ] o :’ 1 v < 3 o gt o
aanaMIANNAIARNENIUEEITeY 8 Talae  TanNsaNAMSUMIIN I
% >3 a Qa a o s o né a o
Urzgndldanaiaszavlulasdayfuludasn:  dmdvnudsed  Selitaamahnu
agnattas 8 T2lu9
2. dauuazfianaslumigashenfmanzanluszuy SIA fia AB 580 working solution :
. . { A | d 1 { v
Sample : AB 580 working solution 1 100 pL: 100 pL: 50 L Fadusasiuinlianuls
o caa @ v o
FyaungoalImouing uazdszndanisldine
3. Pnaslumigadsdiadng Nmanzaw fia 100 L
4. U3u1@3289 Carrier buffer NlANNzZay fa 1200 pL
5. 8013 Wa (Flow rate) H1niaIaaTIv sy angaalsaisuridad 25 pLis

mianviaszaululasdayfinludasizdiuszuy Sequential injection analysis (SIA)

| nt:ldld a a ] & a o = 1 o
Judsaddszdniam d1v nas Senwhuazanuduwizgs  Henaududn  use
ANNENNNTDUNIYNEN (Reproducibility) AdLiasnniduszuunmvinauealuald  #annIn
5l dudaslfuanduadlulfitensaaia uaslfimuiunndon Savlddunuluns

[V ) A ° v ° @ v % uz a
ayviaanstateun Fananzdwiumahlldsgndlianiaszaululasdayfinludaa:
pasgthelamnu Sfidwuann anneamiadmezusinod duTnmdayiindiga
NTLURINNINATIVGAD 0.3 mg/L uazdwinalatnsnaunTaaTIalaeaszuy SIA aelu 1
QI/ Qs 1 v Q [ 1 Q { U é ) {
7lud fa 37 @18E819 MIUTTUUAINGN BWNIATINIANLeRe 1-200 mg/L Toiurren
asauAgunIAUndvasdayiuuaznnzlulasdayiuludasi: sruuasna lagninly
3me:ﬁﬂ%mma‘”ayﬁuiuﬁaamdﬂamawawjﬂammmmf{hmu 72 318 (n = 72)  WUN
X iy { g & a . T . = Aa {9 o

TansaTlaNaenaaadnuds  immunoturbidimetric  (#=0.965)  TaduisAlenalulu
WU JUAMIMINITUANES U8ZIINMINAROUENITUNINNITATINIA 1T 1A 81 wia
dl A & . v o aad . Ao o @ A
g17aug  Nenawuleludaszns  ldsumunmsanaiadieithedslneday  lasien

%recovery AT 92-97% baw1A@ITUU SIA Albumin blue 580 ﬁaﬁﬂ’nmﬂuvlﬂvlﬁﬁﬁ]zgﬂ
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ﬁwﬂ"ﬁmLmunwsmiaai'@izﬁuvlulﬂié'agﬁuiuﬁaawazﬁa ﬂ%%'ﬁugiuuamsﬁﬁ fUTUM3I
m’mi‘mzé’uvl,uiﬂﬁayﬁuiuﬂaan: éﬁﬁ%‘u‘lfﬁ@mﬁ]maxLmiﬂsfauma"l@fl,uﬁﬁasJLm‘mm

(Diabetic nephropathy) la@adu lszaziIndn
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Abstract

A simple, specific and sensitive sequential injection analysis (SIA) system based on
non-immunoassay fluorescent detection has been developed for the determination of
urinary albumin. The specific binding of the dye Albumin Blue 580 (AB 580) to albumin
in urine generated high emission fluorescent signals. The excitation and emission
wavelengths were set at 590 and 610 nm, respectively. The calibration range was obtained
from 1-200 mg L™, with a limit of detection of 0.3 mg L™ (S/N = 3). The SIA system gave
high precision with relative standard deviations (RSDs) of 0.9% and 1.4% when evaluated
with 15 mg L™ and 100 mg L' albumin (n = 15), respectively. The method exhibited good
reproducibility, as assessed by performing four calibration curves on different days, and
intra-run CVs (2.3-3.3%) and inter-run CVs (3.8%) were obtained. Rapid operation was
achieved with a sample throughput of 37 h™'. This method was successfully applied to the
determination of urinary albumin, and the method was highly correlated with the

immunoturbidimetric method (r* = 0.965; n=72).

Keywords: Sequential injection analysis, urinary albumin, Albumin blue 580, fluorescent

detection

1. Introduction

Microalbuminuria is defined as the detection of an albumin concentration of 30-
300 mg from a 24 h urine collection. Early detection of microalbuminuria is a sensitive
forecast of the outcome of nephropathy complications in diabetic patients [1]. Early
detection and instant treatment can prevent the progression of persistent albuminuria. The
importance of microalbumin detection has been realized by the American Diabetes
Association, who issues guidance for the annual detection of microalbuminuria in every
diabetes patient [2]. Additionally, it is a powerful predictor of non-diabetic coronary artery
disease patients [3-5].

Unlike in blood plasma, albumin concentrations in urine are usually low, and
therefore require a sensitive and selective method for an accurate assay. Numerous
methods have been described in the literature for the determination of urinary albumin.
Among those methods, the most routinely used methods are based on immunoassays,
including radioimmunoassay [6], immunoturbidimetry [7], immunonephelometry [8, 9],
enzyme-linked immunosorbant assay (ELISA) [10], fluorescence immunoassay [11], and

immunoresonance scattering spectral assay [12]. However, most of the existing methods
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have significant drawbacks. The radioimmunoassay is notorious for its health hazards, and
thus is not widely used, although it is claimed to be a gold standard method [13]. ELISA is
known as the most sophisticated immunoassay because of its numerous time-consuming
and tedious washing steps. However, immunological methods are accepted for use in most
laboratories on the basis of high sensitivity and selectivity. On the other hand, it is
commonly known that most of the immunoassay-based methods consume large amounts of
expensive reagents, especially the antibody specific for albumin, which relies on the
immunization of animals for production. This leads to increased cost to patients for the
clinical diagnostics and assessment of the diabetic nephropathy. Therefore, non-
immunoassay methods that offer satisfactory sensitivity and selectivity are of great interest
for low cost determination of microalbuminuria.

Recently, Kessler and co-workers [14] proposed a simpler dye binding assay that
utilizes the fluorescent dye Albumin Blue 580 (AB 580). The dye can specifically bind to
human albumin, and the protein-dye complex can generate dramatic emission fluorescent
signals at 610 nm [14]. Upon binding to albumin, the fluorescence quantum efficiency of
the dye AB 580 increases by two orders of magnitude [15]. Several papers have
demonstrated that the AB 580 fluorescent dye is able to quantify low levels of urinary
albumin with appreciable characteristics. The results based on AB 580 dye-binding were
in good agreement with the results acquired by immunonephelometry methods [16] or
radioimmunoassays [13]. In addition, no interferences from globulin and other
contaminating substances were found. Therefore, methods based on the AB 580 dye-
binding can be considered good substitute methods for immunoassays for the quantitation
of urinary albumin [16]. Although the AB 580 was first evaluated by Kessler et al. for the
determination of urinary albumin in a conventional spectrofluorometer, several different
assay formats based on AB 580 were later established, such as automated fluorescence
assays [16], capillary electrophoresis [17] and lab-on-a-chip (LOC) [15]. However, none
of these methods could perform rapid analysis. In the capillary electrophoresis platform,
the assay time required is at least 4 min for one sample [17]. In the LOC format, the
microchannel must be flushed with water for 10 min for de-adsorption of the albumin [15].

The sequential injection analysis (SIA) technique has the potential to be a fully
automatic operation, with computer control for the aspiration or dispensation of samples
and reagents [18]. The SIA system is the second generation of the flow injection (FI)-
based systems, and the SIA method provides several advantages over the first generation

system, which utilizes continuous pumping of carrier and reagent solutions. The SIA can
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substantially reduce reagent consumption and waste generation [19]. The well-known
advantageous characteristics of the SIA system have been widely reviewed, e.g., the
simplicity of fundamental principles, inexpensive instrumentation, automated sampling and
analytical procedures, limited sample consumption, short analysis time, and on-line
performance of difficult operations [20].

Recently, there has been growing interest in the development of a fast and
automatic analytical method. The purpose of this work is to establish a SIA system by
exploiting the AB 580 dye for the sensitive and selective determination of
microalbuminuria. Combining the SIA system and utilization of AB 580 for the chemical
reaction, we obtained a low cost, simple and rapid operation method for the microalbumin
assay. In this work, we successfully configured the AB 580 SIA system for the
determination of urinary albumin, covering both the normal and clinical levels of
microalbuminuria. The effects of various parameters affecting the fluorescence signals
were studied and optimized. The applicability of the system for real sample analysis was

also evaluated.

2. Experimental
2.1 Chemicals and Reagents

All chemicals used were of analytical reagent grade. Albumin Blue 580
potassium salt solution (AB 580) was purchased from Fluka (Buchs, Switzerland). N-
morpholinopropanesulfonic acid (MOPS free acid), EDTA disodium salt, human IgG,
human serum albumin, and 2-propanol were obtained from Sigma (St. Louis, USA). The
microalbumin assay kit used for method validation was supplied by Randox Laboratories
(United Kingdom).

All solutions were prepared in Milli-Q water, except the albumin standards, which
were prepared daily in the calibrator diluent. As previously described, the calibrator
diluent (500 mL, pH 6.0) was composed of 2.7 g KH,PO4, 1.18 g K,HPO4.3H,0, 4.5 g
NaCl, 0.5 g EDTA disodium salt, and 50 mg human IgG [14].

The carrier buffer (pH 7.4 £ 0.20) used in the SIA system was prepared from the
previous method with a slight modification [14]. Briefly, 1-L of the buffer solution was
prepared by dissolving 11.1 g MOPS free acid, 12.0 g NaCl, 1.0 g EDTA disodium salt,
and 100 mL of 2-propanol in Milli-Q water, and the pH was adjusted to 7.4 + 0.20 with 1

M NaOH. The buffer solution was filtered with a 0.45 micron cellulose acetate membrane
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(Sartorius, Germany) and kept at 4°C with tight sealing to prevent 2-propanol evaporation.
The carrier buffer was degassed for 5 min to remove air bubbles before use.

Unless otherwise stated, the AB 580 working solution for the SIA system was
prepared by mixing the purchased AB 580 solution with the carrier buffer in a 1:25 ratio.
The AB 580 working solution was stored in an amber bottle for light protection throughout

the experiments.

2.2 Apparatus

The SIA system consisted of a syringe pump (Cavro XL 3000, Cavro Scientific
Instruments Inc., USA) equipped with a 2.5 mL syringe, a six port selection valve (Cavro
Smart Valve, Cavro Scientific Instruments Inc., USA), and a fluorescence detector (RF-
10AX Shimadzu, Japan). The system components were arranged as shown schematically
in Figure 1. Fluorescent peak heights were recorded and quantified using Class-LC 10
software from Shimadzu. All tubing used to connect the different components of the flow
system was PTFE with 0.8 mm i.d. (Cole-Parmer Instrument Company, USA).

A UV-VIS spectrophotometer (Evolution 600, Thermo Scientific, USA) was used

for the immunoturbidimetric method.

2.3 Sequential injection procedure

The operating sequence of the SIA system for the analysis of albumin is listed in
Table 1. The analytical cycle started with the aspiration of carrier buffer into the syringe.
Next, the AB 580 working solution and the standard/sample solution were aspirated into
the holding coil in which the fluorescent product was generated. The flow was then
reversed, and the mixture was propelled through the fluorescent detector. Each point of the

analytical plot represents the average peak height for four successive injections.

2.4 Sample preparation and analysis

Unidentified urine samples were collected from diabetes patients at the King
Chulalongkorn Memorial Hospital. The samples were centrifuged at 3,000 rpm for 10 min,
and the supernatant was then analyzed with the SIA system. The supernatant urine samples
were aspirated to the SIA system for analysis of the albumin content. Four consecutive
runs were carried out on each sample, and the results are expressed in mg L' + SD. The

analytical results were compared with those obtained by the immunoturbidimetric method.
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Since urine samples can generate fluorescent signals by themselves, the sample blank peak
height was also quantified. The fluorescent signals of the urine sample was measured and

subtracted from those of the urine-dye mixture.

2.5 Immunoturbidimetric method

The proposed method was validated for accuracy by comparison to the
immunoturbidimetric method using the commercial microalbumin kit from Randox
Laboratories. A UV-VIS spectrophotometer set at 340 nm was used according to the
manufacturer’s instructions with slight modification. First, 0.5 mL of reagent buffer was
mixed well with 0.05 mL of the sample/standard, and the initial absorbance (Al) was
measured against water. Subsequently, 0.05 mL of the antibody solution was added. After
mixing well, the solution was incubated at room temperature for 30 minutes. The solution
was mixed again, and then the final absorbance (A2) of each solution was measured. The
unknown concentrations of the samples were interpreted from the semi-log standard curve,
which was plotted between the albumin concentrations and the change in absorbance (A2-
Al) using the microalbumin calibration series supplied with the kit. The quality control of
the assay was performed using the two levels of control samples provided with the kit.
Agreement between the results obtained by the SIA and immunoturbidimetric method was
evaluated by Pearson analysis using the SPSS 11.5 program, in which the p values < 0.05

were considered significant.

3. Results and discussion
3.1 Optimum ratio for preparation of AB 580 working solution

The optimum ratio between the purchased AB 580 solution (here, reagent A) and
the carrier buffer (here, reagent B) for preparation of the AB 580 working solution was
investigated at the ratios of 1:10, 1:25, and 1:50. The aspiration volumes were 25 pL and
75 uL for the 25 mg L' albumin and AB 580 working solution, respectively, in the SIA
system. It was observed that the ratio of 1:10 gave the highest sensitivity, whereas the
signals were decreased about 10% for the ratios of 1:25 and 1:50 (data not shown). This
result is different from that obtained by the previous cuvette-based method, in which the
ratio of 1:50 was used for the preparation of the working solution [14]. The cause of this
differing result can be explained by the diffusion of analytes and reagents that occurs

during flow to the detector, due to the nature of the flow-based method, which is different
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from the batch-based system. Although the ratio of 1:10 gave the highest signal, it was
disregarded because of the relatively large amount of AB 580 dye that was consumed at
this ratio. To clarify the optimum ratio between 1:25 and 1:50, the calibration curves
obtained from both ratios were compared as shown in Figure 2. These calibration curves
indicated that using a more diluted dye reagent yielded a narrower calibration range. In
addition, the dilution of the AB 580 working solution affected the sensitivity of the assay,
especially in cases of a high albumin concentration. For example, the sensitivity at both
ratios were similar for albumin concentrations less than 10 mg L™, but the sensitivity for
the 1:50 ratio was lower than that of the 1:25 ratio for 200 mg L™ albumin. Therefore, the
ratio of 1:25 was selected as a compromise between sensitivity and the cost of AB 580 for
preparation of the working dye solution for all subsequent experiments.

For the AB 580 working solution at a 1:25 ratio, excellent signal stability for at
least 8 h was obtained. The remaining fluorescent signal for 100 mg L™ albumin was

obtained at 102.5% and 92.4% after 6 h and 8 h, respectively (data not shown).

3.2 Influence of sample volume

The influence of sample volume for the 25 mg L' albumin in the SIA operating
sequence was studied over the range 25-150 pL. The volume for the AB 580 working
solution was set at 50 pL. The relationship between the fluorescent peak height and the
sample volume is shown in Figure 3. It was observed that the fluorescent signals increased
with increasing sample volume. However, increasing the sample volume above 100 pL did
not significantly affect the emission intensity. This result indicated that the albumin
content was in excess to the AB dye at the sample volumes higher than 100 uL. Therefore,

the sample volume of 100 uL was chosen for further experiments.

3.3 Influence of AB 580 working solution volume

To investigate whether the volume of the AB 580 working solution at 50 uL was
sufficient to react with a fixed sample volume of 100 pL, the influence of the working dye
solution volume on the fluorescent signals was studied over the range 25-350 pL. In the
preliminary experiment, the simple operation sequence (Figure 4A, top) was performed by
aspirating the working dye solution and the sample sequentially, before dispensing the
mixture through the fluorescent detector. Two levels of albumin standards were

investigated, 25 and 100 mg L™
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The results shown in Figure 4B (solid line) demonstrated that increasing the
volume of the dye reagent could improve the sensitivity of the assay. Clearly, a plateau
signal was observed when the dye and 25 mg L™ albumin were injected in a proportion
volume of 100:100 pL. This ratio enhanced the fluorescent signal approximately 22%
when compared to those obtained from a ratio of 50:100 uL. A similar curve pattern was
observed for the injection of 100 mg L™ albumin (Figure 4C, solid line).

Furthermore, we also investigated whether the additional volume of the AB 580
working solution could improve the sensitivity of the current procedure. Using the
operation sequence shown in Figure 4A (bottom), we found that an additional step of
aspirating an extra 50 uL volume of the AB 580 working solution, in which the total
volume of the AB 580 working solution was 150 pL, could raise the sensitivity
considerably (Figure 4B, dashed line). The sensitivity was increased approximately 43%
when compared to the original sequence. An additional volume of the AB 580 working
solution higher than 50 pL. was unable to improve the sensitivity of the assay.

However, the results were different from that obtained by aspirating 100 mg L™
albumin. As shown in Figure 4C (dash line), the results implied that the injection of a
higher dye reagent volume lead to better sensitivity of the assay, and the plateau curve was
found at 200 pL of the working dye reagent. However, we noticed that using the working
dye reagent for total volume of 200 uL, the sensitivity was increased only 20% when
compare to that of 150 pL.

Therefore, the operation sequence of aspirating the AB 580 working solution (100
uL), sample (100 pL), and AB 580 working solution (50 uL) was selected as a compromise
between sensitivity and consumption of the AB 580 working solution. This formula was

used for all subsequent experiments.

3.4 Carrier buffer and flow rate optimization

Several volumes of carrier buffer were studied over the range 600-1400 pL at
intervals of 200 pL. The carrier buffer volumes less than 1200 uL were not sufficient to
propel all of the chemical reaction mixture to the detector, and the baseline shift was
clearly observed. Another factor affecting the peak shape was the dispensing flow rate to
the detector. When a slower flow rate was used, broader peaks were obtained. In this
study, the optimum carrier buffer volume was found to be 1200 puL with a dispensing flow
rate at 25 pL/s. Under these conditions, the sampling frequency was 37 h™ (data not
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shown). Recently, Kanchana et al. [21] proposed a spectrophotometric SIA system for the
determination of urinary protein. Similar to our method, the main purpose of their system
was for screening in diabetic patients. However, because their system was designed for the
detection of both glucose and urinary protein, this led to a sample frequency of the
spectrophotometric SIA system that was only 6 h', which was significantly less than our

SIA system.

3.5 Calibration curve and limit of detection

The fluorescent peak height of the albumin standards and a typical calibration
curve are shown in Figure 5. The calibration curve obeyed the mass action law, in which
the linear range was obtained only at the low concentration from 1-25 mg L™ (r*= 0.998).
It should be noted that this linear range was sufficiently below the range for the cut-off
limit of microalbuminuria at 15-40 mg L™ albumin [22]. In this study, the assay range was
well displayed in the range of 1 to 200 mg L (Fig. 6). The equation derived from the
calibration curve was y = ax/(1+bx), where y represented the relative fluorescence signals
and x represented the concentration of albumin (mg L), while a and b were obtained from
fit parameters of the standard curve. The detection limit (LOD) was calculated from ten
replicate assays of the blank sample. In this work, we used the calibrator diluent as the
blank sample. Based on the S/N = 3, the detection limit obtained for albumin was 0.3 mg
L. For the early detection of microalbuminuria, a detection limit of 1 mg L™ is desirable.
Therefore, our SIA system is very promising for microalbumin assays, especially in the
early stages. Our SIA system was slightly more sensitive than the method described
previously that was based on a centrifugal automatic analyzer using a AB 580 fluorescence

assay, in which the detection limit was 0.4 mg L™ [16].

3.6 Precision and reproducibility

The statistical analysis of the reproducibility study was calculated from the
calibration curves performed on four different days. The method exhibited a good
reproducibility, as assessed by intra-run CVs (2.3-3.3%) and inter-run CVs (3.8%). For the
measurement of albumin with low (15 mg L") and high concentrations (100 mg L™),
excellent precision was observed with relative standard deviations of 0.9% and 1.1%,

respectively (n=15).
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3.7 Interferences

In the paper of Kessler, various substances that normally coexist in urine samples
were investigated for their interferences, including common drugs, vitamins, proteins and
urine metabolites. The results revealed that none of the tested substances significantly
interfered [16]. Therefore, we believe that the AB 580 SIA systems, based on the same
dye-binding principle as in the previous report, have a high selectivity to albumin.
However, a few substances were tested to assure the specificity. As shown in Table 2, the
results demonstrated that the interferences from proteins (transferrin, IgG, pepsin), drugs
(acetylsalicylic acid, indomethacin, aminocetaphen), and glucose were acceptable with
recoveries between 97.3-102.7%. Hemoglobin concentrations of 200 mg L slightly
decreased the fluorescent signals with a recovery of 91.8%. However, the hemoglobin
concentration at 10 mg L™ did not interact substantially with AB 580, which is in good
agreement with the previous report [16]. Bilirubin was also tested because the bilirubin
conjugated form may be found in pathogenic urine samples. Cleary, bilirubin
concentrations at 80 mg L™ or 10 mg L™ were found to inhibit the assay signal, for which
the recovery signals were 84.9% and 92.4%, respectively. This could be explained by the
possible competitive binding between the bilirubin and albumin to the dye [23]. However,

since bilirubin is usually absent in normal urine, this interference could be disregarded [24].

3.8 Method comparison

To evaluate the applicability of the proposed method for real sample analysis, 72
urine samples from diabetic patients were subjected to the SIA system along with albumin
standards. The albumin concentrations were calculated from the calibration equations.
The analytical results were compared with those obtained from different techniques, such
as the immunological method. @ We compared the SIA system results to the
immunoturbidimetric method, which is widely used in most laboratories. The results
demonstrated that our proposed AB 580 SIA system is highly correlated with the
immunoturbidimetric method (r*= 0.965, n = 72). The equation for the regression analysis
was y = 1.037 (£0.039)x + 4.34 (£0.324). For two methods with the ideal high correlation,
the y-intercept and the slope should be close to 0 and 1.0, respectively. However, in this
work, different standards/calibrators were used in the two methods, 1i.e., the
immunoturbidimetric method used the calibrators from the kit supplied. However, our SIA
system used the standards prepared in our laboratory from the commercial human serum

albumin. Therefore, the y-intercept was significantly different from O at 4.34, and the slope
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obtained was 1.037, which was slightly different from 1.0. For 70 degrees of freedom at
the 95% confidence interval (alpha = 0.05), the critical t-value (to02s, 70) was £1.994. The
statistical analysis revealed that the t-value of both methods was 43.705, which was
significantly higher than the 95% confidence interval. Therefore, it could be summarized
that the AB 580 SIA system and the immunoturbidimetric method were well correlated (p-
value <0.05). The scatter-plot of the results obtained by both methods is shown in Figure
7.

4. Conclusion

The proposed SIA system was very efficient for the simple and rapid analysis of
microalbuminuria. Utilizing the SIA system combination with the AB 580 fluorescent dye-
binding technique, the method displayed good reproducibility and high sensitivity and
specificity. Since no antibodies were required and less reagent was consumed, the cost of
the assay was much lower, which is in high demand for the routine analysis of
microalbuminuria in diabetic patients. The calibration range obtained from this work, 1-
200 mg L™ albumin, covered the entire range of both normal urine and microalbuminuria.
This system has been applied for the determination of microalbuminuria in real samples
with satisfactory results. The AB 580 SIA is very promising for use instead of an
immunoassay, or it can be an alternative method for the assessment of early diabetic
nephropathy. Furthermore, the SIA system has the potential to be equipped with a small
detector based on the fiber optic fluorometer, which would be fully portable and very

beneficial for in-field analysis.
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Table legends

Table 1. Operation sequence of the SIA system for the determination of urinary albumin.

Table 2. Effects of the tested interferences on the urinary albumin assay using the AB 580
SIA system.

Figure legends

Figure 1. Configuration of the AB 580 SIA system. The syringe pump was used for
delivering the carrier buffer; 6-SV (six-port selection valve); position 1 on the 6-SV was
connected to the AB 580 working solution, position 2 was connected to samples/standards,

position 3 to reagent B, 5 to the fluorescent detector, and 6 to the waste.

Figure 2. The effect of the ratio of reagent A and reagent B for the preparation of the AB
580 working solution on the sensitivity and calibration range. Reagent A and reagent B

ratios of 1:25 (@) and 1:50 (O).

Figure 3. The relationship between the average fluorescent peak height and the sample

volume aspirated to the SIA system.

Figure 4. (A) Aspiration sequences of the AB 580 working solution and sample. The
influence of the AB 580 working solution volume aspirated to the system and reacted with
25 mg L™ albumin (B) or 100 mg L™ albumin (C). The aspiration sequence for figure 4A
top (solid line) and figure 4A bottom (dashed line).

Figure 5. Typical fluorescent signals for the microalbumin assay using the AB 580 SIA

system. The fluorescent peak height is shown for four injections for each concentration.

Figure 6. Non-linear calibration curve for the determination of microalbuminuria
measured by the AB 580 SIA system. The equation derived from the calibration curve was

y = 1.5802(x) / [1+ (0.0111)x].

Figure 7. The AB 580 SIA system and the immunoturbidimetric method were compared
for the determination of albumin in urine. The regression analysis gives y = 1.037

(+0.039)x + 4.34 (£0.324) ; n =72, r* = 0.965.
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Table 1.

Valve of | Port of selection | Volume | Flow rate
Step | Operation
pump | valve (uL) (nL/s)
1 Aspirate carrier buffer to
. in - 1200 200
syringe pump
Aspirate AB 580 working
2 out 1 100 100
solution to holding coil
Aspirate standard/sample to
3 out 2 100 100
holding coil
Aspirate AB 580 working
4 out 1 50 50
solution to holding coil
Dispense mixture to
5 out 5 1450 25
fluorescent detector
Table 2.
Added interferences Added COHCE}PtraUOH % Recovery
(mgL™)
None - 100
Transferrin 100 973
2-ketobutyric acid 1 97
IgG 1000 102.7
Acetylsalicylic acid 100 100.0
Ibuprofen 1000 94.7
Indomethacin 100 102.7
Acetaminophen 0.59 97.3
Pepsin 590 97.3
Glucose 20000 100.0
Hemoglobin 200 91.8
10 96.4
Bilirubin 80 84.9
10 92.4
Ascorbic acid 100 95.8
NaCl 10000 96.6
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Figure 1.
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Fluorescent peak height (Arbitrary units)

Syringe pump

AB 580 assay reagent

Fluorescence detector

Standard/sample

120

100 -

o
o
1

=]
o
L

'S
o
1

n
o
L

o
1

50

100 150
Albumin (mg L™)

200

250

60



Figure 3.
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Figure 4B.
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Figure 5.
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Figure 7.
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