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Abstract

This work presents.a test kit, namely “Albumin.Smart Test” for quantitative
determination of wrinary albumin. Detection printiple is ‘based on the reaction
between albumin’ with . tetrabromophenotphthalein ethyl ester (TBPE) in the
presence of acetate buffer (pH 3.0) and Triton X-100. The packaging of test kit was
composed of: (i) plastic bottles for urine sample. collection and dilution, (ii) plastic
syringes, (iii) reagent ampoules (iv) cassette for solution mixing and (v) user's manual.
Detection procedure was started by transferring diluted sample and reagent solutions
in to the cassette, The cassette was tightened and was shaken: Blue-colored product
was developed. The color was taken a photo through the embedded application in
smart mobile -phone (or tablet). The ' color intensity ‘was evaluated and then
converted to the albumin concentration-as meg/L. The developed method provided
high precision (RSD at concentration of albumin: 30 mg/L = 4.94 %). Analytical
recovery was observed at 96.95-101.60-%. This method was successfully developed

and applicable for measurement of albumin in urine samples.

Keywords: Urinary albumin, Quantitative analysis, Test kit, Smart phone, Tablet
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Tunanauniinsesldiileysuph wavaaduturostaany arsimailaut K (Uunaide-
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A13199 2.1 dansaruusenauluihdaanne 100 94 (@nuiANUELLRNS)

dudsenau 3wl (Tadindu) daudsenay Y3 (liadndu)

1. Urea Nitrogen 682 9. Sodium 212

2. Urea 1,459 10. Potassium 137

3. Creatinine

Nitrogen 36 11. Calcium 19.5

4. Creatinine a7 12. Magnesium 11.3

5. Uric acid nitrogen 123 13. Chloride 314

6. Uric acid 36.9 14. Total sulphate 91
15. Inorganic

7. Amino nitrogen 9.7 sulphate 83
16. Inoreanic

8. Ammonia nitrogen 57 phosphate 127




wonanidadiarsdu 1éun toules sosluy sosluune soslunwailniy way
dugau

2.3 agmimﬂ%{laaﬂs‘luﬁmﬂﬁﬁﬁm‘s [3]

m‘amnﬂaanaLﬁ@%ﬁﬂiﬂiiﬂwwqﬁaaﬂﬁﬁ’ﬁnﬁ wispanilu

1. M13A39RUANTANINIBAIN (Physical examination) leun as19m1U5u1ms &
nAU ALY WAZAINENR L

2. MIns59UaNTANI9LAL (Chemical examination) Wunsnsraaudunsa-ans
uazasiaiinine 1 TUsiu nglaa Alau uavglsd3luau Wudy

3. N15A5MBNGBIYaNTIAL (Microscopic_examination) LHudnisiddymunly

o

n3Adadelsa laemsihnzneuilaaniy wesiegiiondesqansse ovnguwadingg iy
Winldenuns Wndanyn Lmaﬁlfﬁau uaE #5H9MAIdAN Falanudidnlunisitadulsaln
m‘smawwaﬂmm Wy unaldineanyan g3aneda Wusy m'smsmﬂaanumanaaq
aamiﬂuuummmma’LumiwﬁmaEﬂ WU NIIWULAEeRLAILaTAEEBN g aNT U 1IN

unanlulsalodeundu wasddiusslevilunisinaunissnslsainaa uisaanag

2.4 nassautlaanay [4]

mnﬁuéﬁaEhaﬂaa'rwLﬁaﬁwlﬂﬁmﬁsﬁé’ayﬁummmﬁﬂﬁ 3 A5nsmaluil

1. NSAULUY 24 92188 (24-hour urine collection) [Hunsiitaansfiaiswsay
ﬂ%’q’lwﬁqfuuwiauﬁ’uu,é’ﬁaﬁﬂﬁLﬂm:ﬁmﬂﬁuﬁaaﬂwa’tué’ﬂwmzﬂiﬁmaﬁmwﬁﬁgnﬁaq
LLaiusJ’l“Lm"%'Umiaam%’ud%ﬂu%%mmg’m (Gold standard). USunueayluviinsievleas
L%andwﬁwﬁagﬁuiuﬂaam 24 9ql314 (24-hour urinary albumin excretion, UAE) ag1slsf

PP T T o I v oo ° w A a ada P
pusildazaindefuisdnisnaivigansiidunaviueinvinliuuaiiSoiiioules]
g3lea (Urease) tosgiitlutladnznaneiluneuludorilitaaniedusanniuuagyily
A15UN90819RNFLNDUTIDIVTUNIUNTIT LATIZI LA

2 a & a e . = & <

2. MsiNuBenTufed a alaaimils (Spot urine collection) Wunsifiv
Uaaznaslunanlenliudiniuinsaindstvinldasmnnsizazifiusagraie sn Samen
wirdudnduisadenlilufesujiinsvedlsaneuiasgaslsinuiideidefoetalina
3ermw?ﬂa1ﬂLﬂﬁauLﬁaqmﬂ'luLwiasL:;aw:’ﬂaammn'ﬂEJ{]aanxiuﬂ%mmﬁummwﬁ’u
payiuiagniioshiindunisivindesnisifiudlegresiaanzuuuisemiusun
“AapAilu” (Creatinine) mugiunmsmyTmadayiufe uddwsadulususnmdiu

v

AT USaUTURERToLATU (Albumin-to-creatinine ratio, ACR)

U

uLUuIUmumUaaummﬂ “A3LOAU” (Creatine) wag an"uuaaﬂmqﬁaaw“’lu

=

ATDYAL
U%mmﬁmﬁﬁqﬁumimﬂsmmaawu’luﬁaanvwmULLwamwmﬂmmmLLa';maurm
U'immﬂ‘%auaﬁuawmaLLﬁ‘memﬂmmLﬂaaummwﬁwawaamsmamwaaﬂaamwlmmnu

ldannsAnwvesisesinalnesiuaissdwasany 29ldvnn15Seuiioudl  ACR - Uax

a



aa

A1 UAE ﬂuaamamqﬂaanvmmu 42 shogalaelditnisaiffenisiesevanaoedaduy
(Linear regression) wmwmmaa«mmmauwuﬁaamﬂaaaﬁ’umuamqmimwmauﬂ‘ssawﬁ
anduWus (Correlation coefficient) winfiu 0.952

3. maivlaanzludranananiz (Timed-urine collection) Hunisifuilaansy
Twiranamiaqualinsy 24 dhluadufy 12 mimmammmmamwmwuaa‘umuma
1 wmanmawsumsmmﬂaanﬂwmnmmmw“ummm“lumiﬂivLuummwmﬂﬂmm

IGILLG]ﬂ@ﬂQlﬂ’\]'lﬂﬂ']ﬂﬂ‘l.lﬂﬁﬁ']']ﬂﬁﬁ@ﬂLLUULLiﬂLLﬂﬂ\‘]ﬂ\‘]Wﬁ’]\m 2.2

= L3 aa o a = P 3 o 1 9 acal @
$13719% 2.2 LLEWNLﬂm%ﬂ']TJU’ﬂQEJﬂ’J’IiJNﬂﬂﬂWUENIG]LJJBLﬂ‘UG]"JE]EJN‘UEETJBG\"JEJ'NWWNHU

Ysnusayiluludlegredaanaey
¢ o " o Wunvvduiissasudens | iulugasnan
WRNNITIY | LAUMUY 24 92Tud v o e N
<~ A (lulasnsusaiaansy AN
(Yasnsumaiu) = & . -
: ASDAY) ( lulasnSusaun)
AeUNe
< 30 <430 < 20
nelulas
oayiulie 30-299 30-299 20-199
nzuulas
oayiulsy > 300 >300 > 200

2.5 nsinusSnealegnalaanay [4]

ﬂﬁLﬁu%’ﬂmﬁ"gaéwﬂaaﬂvﬁmac&iammLaﬁawadé’auﬁumﬂmsﬁﬁwwm
D. L. Cohen LLammywmﬂmﬂmwmamq{]aaﬂmammnuvzaamu 2 'mavhmum'aamma
maaaawmmmﬂmaqmﬁmuhmummumLﬂummmulwammum fin3sesuaunile
Anw18vsnavesgnmgiuarsreznaiiivinniiedreilaannsdmuiimniiusiogis
ﬁaamﬁﬁqmmﬁ 70 ssmwaldea aziulduiute 30 duaviusedgislsimutausiazifiu
ﬁaaej’mi'jaan::ﬁqmwnﬂﬁsﬁ’ﬂLLé"gﬁmmmwumigﬁymwmé’ayﬁulﬁﬁwmmL%’wﬁ’waa
payliutesnin 30 fadnfusedasviaiiudognsliidunaiuiundt 30 dusviaanud
mmwmummaawua amassoraz 0.27 seoiulmy K Sorensen dullygrudanue
mﬁammam@aaawumﬂummvaawumﬂmmm’uuwumwawmLﬂumaaw



2.6 aydiu [5]

s =

@aUNUﬂ@IU?W‘UWﬂﬂﬁiN%Wﬂm‘U IﬂUi”ﬂU@ﬂHMULUUﬂWiUﬁUE]ﬂﬂ')']ﬂJﬁiJﬂﬁ‘UENﬂ’]‘i

i
= 8/

aﬂwmuLLavﬂwsmuaawuaaﬂmalmwmmwmm‘uaanummfmﬂummmuaaa‘[mﬂ
(osmotic pressure) maﬂaaﬂumia’lmﬂmimﬁwaanmm&maﬂwaamaam wonINi
Sayfudafiunumitddy lmLLﬂ nsvimth i uninugvudsso sl towles] W351R U530

wisensnunlsa

2.7 35nsnsvdayiuludaanis (6]

L Tasnnsldununsraliaaneguludaansudaniioud asesianuldvrniiefivsunm
TUshiu 300-500 fiadnsy dardumeliianunsansiuamituatveslusauls

2. FaUSana Protein dueanuanaen 24 dluslaensiiutaansnaosnieiuLasas
M3 LUTAY UagAd Creatinine

3. mangatlaanzwinn Protein Creatinine

ANBMIIAIU Protein/Creatinine Avunfiasiiasni 0.2

A19R 378U Albumin/Creatinine | AMUnAaetognd1 30 me/s  creatinine WnAn
AINA1I8ETEMIN 30-300  kansaniilyvireenunluySunadsisnn wnsnadn 300 me/e
wansIdayiveanuniin

2.8 1sala [7]

Iniduetrsiinanilaanizanmsnsasewendstuasndeusduiuandenila
ﬂqulmwﬁwﬁﬁﬁF'fﬁgfuaqlmﬁamia%ﬁa{]aans%‘:wsmaﬁwaqLﬁaﬁLﬁmmnm‘smeaw
asomesinequazdaglumsinumdnfveniinesindousvassianeuenaindulag
wﬁnﬁ"lumw%’wawsﬁmuqmamﬁuiaﬁmLLaza'ﬁﬁ‘dwmséjum'ia%'mﬁmﬁamLmaﬁ’aﬁgmﬁa
lmﬁwmuﬁf@aaaﬁnLﬁmﬁaymmmﬁuiaﬁmqmaxiaﬁmmw'wﬁm

2.8.1 anmnnisiinvedlsala

- Junusduia (Congenital) L :,ﬂ,mm@mmmalmmmmlumnukmimL“Uumm
(Polycystic kidney disease) ‘UJLUuﬂi‘SMWUﬁ

- iARINN1IINLEU (Inflammation) 19U Tsavesnguidancesyedlnsniay

- 1finannisiaie (Infection) Lﬁmmm‘ﬁauuaﬁL%&Lﬂudw’[mgl,ﬁuniqalmé'mau
Toduvues nszmnztiaanssniauanidelsa

- {fin1NN15gAf (Obstruction) Wy 91077 sewgnvannle uziSwegnlunavieln

- lesenluladstlldnansviin



2.8.2 9119
Taanzduiden Wuensdulvguesmaiulsels Tngrzdaansdudon a1

Hudenan deaduiug

2. Yaanzluduns Shdaie Svudq wielaanadudivdesdy

3. Jaamadureann inszldayfiuvielusiusonuunn aevilitaanisiinosane

4. msm‘]aan ziludeansanduiilivnlusivssnunlutlaaniendouq fudy
Voduiig fihiinuninedulsale

5. Ua@nzeu onaiinnd Wadesuwns Uaanzluden) Wadenun @nnsdniau)
fifouuaiisy (Lanvindinisinde) wieerainndsiisrnietueonainla

6. MsAAUNRveINIsAtelaany wunsaretaaisiee Yaanisuau daanizsie
auluonisinunfvesseuumaiulaans

7. m3unviesedaguuse (colicky pain) Safivaisiitaaiziduidon Yaanseu vie
fnsaavae uansinduidlule wasmadutaaniy

8. mnudiulafings Luaamﬂlmaiwaa'ﬁmmummmu‘[awﬂ Usgnoudulndinndisnw
aumaﬂuaamuauﬂaau,'ﬂu'mme; me”avuummmu‘lawmaamﬂLUumnkmlm‘[ﬂama

2.9 YANAFUAIAEIUIN [8]

aaa

wannﬁﬂuawwﬂaauammamu'l;wmamamsmmﬂgnimﬁumwaﬁLﬂmmw
aula ﬂumwmaaummmlmavmwavmamimmﬂgmmﬁ’uamﬁmma Tneviaiians
naasuiingniaieunsenseetunununaaeuiiutansossy wigendegluslansavarsila
LNE]ﬁ’]iﬂﬂﬁ@UW]UQﬂ‘i&i’lﬂUﬁ’]‘iLﬂ’MﬁJ’]&J?ﬂ“Lﬂﬂﬂ’}itﬂaEJuLL‘lJﬂWlﬁJ‘ﬂ\‘lLWU@’JEJGHLU&’] ‘g &
Wasuluanifiy wiensiifsuiasantinieuas iy FanisiSesudsudaiinasUszney
Mldvdaiaudisennai viaiansifsunasmmadn veraniensiinisusznay
asegeheiludedmivudsualndusiaeiisulalnsavain

aaa

Uiiseneiiimiuldfugemadoustnsdeinarsuiize W
1. Uji3ersendnansanuang
fllovdudiamesilimiAraidunsa- anadufedwesganaasuatieie
El’]ﬂﬁﬂgﬂiﬂ’]iuﬂ’l’]\‘lﬂ‘iﬂﬂwﬂ’lﬁmﬂu‘ﬂﬂ‘lﬂﬁﬂ ImamlﬂnmﬂaauLLUaaa%mmwumamaaiu
‘V]’e]’]’aJLUUH‘iuﬂ’]HW‘iBLLNUWG’]ﬁMﬂ‘VlLﬂaa‘uﬂ’]ia‘ufﬂLﬂLﬁlE]SVII’JG]EJ‘UQﬂiEJ']‘J“‘ﬁ’JNﬂSG] -4
2. Unswneandindu-sandu
HuugisendiiiiAsiinisuBsuuvasrfndlnin msidsuudasendndlusia
finvinnisiinufitensendindu-idnduresarsidmnefuarsnaasuiignaial ifutan
5995U
3. Ujnsensiinasusznauidedou
gompdauiienfinisifnuisonisdeudonlilunsiessimusinalessuves

lavguidn ualitreildvmuSinaansdunsd ansveaauiildde Ialvleu (dithizone) wingan



awsniinujisendetoutulesauvedanyldvasviauaziindfiunnsretunisdenld
lalnlaulunisvaseunlessuvedlansuindieg asnsafinanusiniglnonisusuilasy
ANBYITNINNTMAADU LU N1svedounilorautadusen (He) a1susyneuldedoues
lalnlyuuazusenasifnldfiifiesvingu 2
4. Ujisevaaouled

Ujifeniiieadesiuieuledlussmeunnsannuiiseesansiaiivhy 1u
wszdanuinmzdanisiinfizengeann asidmaneludiuaieadnieefiannsa
asanule ﬁ’ﬂﬁ#ﬁaﬁﬂ1iﬁmmﬁmmaauadwadwaﬁmﬁaﬂmﬁmuﬁﬁ%aﬂuﬁnwmﬁaﬂe{ﬂ LU
uHuNAZBUNTAIATIS YAnAdaUNTSANT yanaaouLaduNgLeu(influenza) WAz Yn
nsmasutmalulaae

2.10 1 n5g1ud [9]

Tnemludlussmiiuasaiadiussisvuuunisueduresdfiunndnetu

2.10.1. syuudiuy RGB

Wusyuuaiusznausaouid 3 e wns 1 3enasinbu ludnduanududuiiunnig

i Wothwmaniusilmiandaieg WWnnds 16.7 #1udl Sslndifeatudiaisuadivlslng
Und uazqpTidiaanydsuiuasnatadiuivn feudannseauduuiiuuy “Additive”
visomsuaudiuuuan Suthunsuauatui 1 vieduiten duse Aide7 tardiidu wnay
aStaz 2 4 AveyiliAndlm]

JUTl 2.1 uaneszUUA RGB

2.10.2. sEUUUUY CMYK

Ussnausediiugiu fo 89 Fiaeun Sivdes wasilounds 3 Auwautuaning
Judshusarladsatin lnoi3ennsuaudis 3 88uduin “Subtractive Color” iamsnasa
LuUaU vanMsIAndvesszuuife Andargandudundviudiasioundusonudud
#199 wu Ehgandudihadiazieusenuiduiiitu Svsdunaliindfaviioussnuas
Judndnuesszuu RGB nsisdtluszuvilfsnseduiunisiindluszuy RGB



UM 22 uaneszuud CMYK

2.10.3. syuudiuuu HSB

Huszuvdfugnilunisueaiudisatsnivesued Ussnoudiednuasyod
3 dnwne Ag

1. Hue Ag @139 ﬁazﬁauaaﬂmmﬂ*ﬁmqlﬂm1€J’amm‘mé vinlianasonaiuing
Hudsineg e faudavdazunndiafumuninuevesriusasiiinssnu inquavasieundud
m1 Hue gninlposiuiuansudasiiv Standard Cotor Wheel Fagnuvushease 0 s 360
8971 uilpesig luudainaeSennisuansdiug (Duleveidiae wu duns @i Andes

2. Saturation Ae A NanvesdlnaAmNLAnIBIdazISLT 0-100 d1wiu Saturation
i 0 Faeflen wantiey ugidiwuai 100 Aazilnauaauan agnialagsumiauy Standard
Color Wheel #1 Saturation 9sifintuatnanfsnarauisduney Tasriduvauasian
doraunazdushiiqn

3. Brightness Aa seiuaTuainiasaInilneesd lnoanaainqwediassui 0 8
100 Srfvueil 0 pruavazioseauudn uddhiwvuail 100 Agsiimmaiiwinian
Bailen Brightriess 1nnazyin WA duaIm A

U 2.3 wanaszUUd HSB

2.11 ANNAEIDATDINSUARINAAUUNTINADINSANY [10]

ﬂ'ﬂllﬁ LD UAYBINTINTB (Resolution) ﬂU’l’i]E]ﬂJE]ﬂ@WLWUHUE]EJ LLﬂ“‘.ﬂWWWL‘JTL‘VTuN’IU
MUTQQNEQ@UUMW{I’%ﬂﬂﬂLLﬁﬂﬂﬁLaﬂ‘] (Pixel) VIL‘iEJ\?C‘]EJﬂULUuQ’]u]uﬂJ’!ﬂVNLLH"J@NLLB”LLU’]?&@U
mmuanwmuma’muﬂuwuwdwwmumaﬂammmai mduumﬂwuwauaaaqu'(,mmqmmmu



10
11NN ﬂav'immwmum'maul,aamﬂmrﬂmmﬂﬂma VlvnsuanImaaIEaN L a9ty
Wumeeiiinuasden 320 x 240 Pixels Azl miiaziBenaudaniminaefisiain
avLdam 176 x 220 Pixels

2.12 ANULANANYDITTAUATUNTSUEAINaUUVTINID INSANY [10]

Insdwiflefewsiarsufinsinhnefiannsouanidlfuniosuanseiuly rdauansd
Idnnuinlus nniluansuumieefesiidduanlaauadauyiniy wiauuansdeeaoy
maaiuaan vnanidiudunmiisenoudedliAg Immawwumwmuaﬂwmvmumwu
Waviane mmﬂmaﬂmmawmlumummumﬂmaﬂmaaszmﬂwmaaw.mma‘l,ﬂLuaﬂmqﬂu
UsEVIMTIRe 256 8 U 65,536 & watwaldunmiiuseneuludeTnud uasiaaai
WANANAUBE NN LN IWEIBA3S Mwiiivied Aeswidpnulanansiuldegradaau 1wy
aunluguiedwasunummiudiadunweinatheefiassouandlitosnd luvasi
mwiurriuatwanmiheaiiaunsauanradldinnniuansignmi 2.4

4 1 ot
JUN 2.4 BammIuuanaIreesEAUaLUNTLARING

W aammmu’nmwmumaavmmﬂaamluuuma aldudinmesudntldazifen
‘lu‘ummmwmumwuum'ﬂaamuumamaamrmumm’tuﬁawwuwawLLamqwalﬂLLﬂ
4,096 @vlAdasaunian Luaamﬂum‘sgmﬂuamaaaqu‘lws] fasinieefinanuale
65,536 Fuluifuagrion Lﬁa'lﬁiaa'%’uﬁum'a'l,ﬂ?j'muﬁwmmfiawu’m‘ﬁu’lu{]wﬂ'uua:amsam

2.13 wanminsaviauTunadayiiu [11]

nInsavdsulisenniiveddusau lag Sakai et al wuinnisanmluiwadeas
TBPE-protein 11Uy Triton X-100 # pH 3.0 Mswannd7intudussaunisi



{4
TBPE-H + TX-100 ==(TBPE-H),, (1)
X(TBPE-H),,+ HSA" == (HSA™" . (TBPE)),, + xH" (2)

naunstedu TBPE Ssegluaniaznse Iévhmaiiu Triton x-100 asluiitevinly
TBPE dmagluguvaclumad lavasavaneldezfudilvrsou 91ndu T8PE Tuguvesluiwad
vufisenfuarsevaredayiu avldnde dusiiduaisararedifeaunuiniu lnedees
ninAusiazuUsiunssiuanududy An1sganduuasgeqaiingranuves TBPE-protein
WU 607 unlulung

2.14 UMYV

AF. Coskun wazmalz [12] Ishaueninsaaiamdayduludaaniydensldausing
ndadlnsdwisletio T.mam‘smamwLLavamﬁummuaquummEjm'iaamammm"waauuu
fiflenusimeanuiug sazanulalunAessiguesiessilasongs msmnassin
“Lrs’ﬂma'lwaamwmaammu'lﬁmamafmﬂumwmfaaa‘uiﬂamwaaﬂwmﬁauhmmww
yoandoslnsdwi ( Samsune Galaxy S’ ) AhwdinlneUssanal 148 n3utaslduaunay
nnndedinsfwidofislunisnsvuliiiauiisendinasunanas fosiilunuadeanniu
VABANAABY LAANTIAIBUAILDIA)SA08 e Aendnnisvgenisasudaialnsalad
(fluorescence spectroscopy) 39vInstuAnAINGIe. [Revn1sUsELIaNa kazTnsnin
fgalunisnsrada 5-10pg mt * ludnmg pH 3.0

AS. Claeys uazamy [13] livamsisudisudeyanisiiasieiveaauinuinsgiu
Fayfuildluieslfuanindaunitagnasunvdanussn CombirTest® Tnsldinias
nephelometer. §u BNII'lum3a'mmt,mmmmm§'maaywu CobasUd1l laevinn1sfinw,
nfetneifUefionun 389 fioths uasvIneund 328 Fredhe ainnantsAnuldnag
ansdudunseeglutag 11.5'2121.5 me/L uagirmduussBnsanaimis () Wy 0.921

wnand 91U uazans. [14] evinasfinenlinssimyiinadayiulutiaandlagliyn
veaeuSayfiuidasiu fmwmaauaﬂwwmw‘[ﬂamﬂwgﬂimivmwaawuﬂumsauma
wnszluslufiuedviniiu wofia leanes nandusiiinTuasdddorunuiniu auny
WndurosTinaudayiiu aﬂm‘qmwmaauwwwuwummsamﬂsmmaayuu‘lui‘]aanxlﬁima
Wisuiisufuuavdniasgiu wWisuiisuauldlsvesyanaasuiivautuingld
waoy I AAdaaninsinlnfimes wuhannsansiadaldlugag 0.1-50 me/L

93dns @rdvins wavane [15] Idawemamviunadayfiuuazasendtduluilaane

=

nigganadaunpaundmivitadelsalalasld@nvinisimsigimuiundayiuuey

al aa

AsoRtululaanie lngldiases g3-3810aanlvsinlafiweslunisinwigieanuudunse

v
@

193d1sasansNInsgIuaylulasRmuIN sgaadauntnaun Tiaunsolinseiids
Vanawesdayiuuavasenfiiulullaanefssduanududusiieg Tnenadldainnsnsiatn
aunsaildAdadeyssiliuanudewesniglndeusyezusn ndnnisnsaiadayivends
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UfAsensgninedaydunuansazaremmssluslufiuedvniduefiaeanes luaniznsa
owdunan st ddewnuiu funsninnTRluafeufisensenineaiendduiu
ansazanefiasvluannzan iiadundnsusidunsdy Tnedvowdnsusiaziduaniumin
Uiinadayluiensonddufinniu Ssuiinasayiuuasesondduiemildonnsidieut
uaud anwantsAnulddisanududunseglugag 5-30 mg L fanduussandanduius
(r") 1fu 0.992 dwiumsmuiinadayluuay 2.5-25 mg L anduusednsanduiug ()
1w 0.9954 dmsunismviunumiendduuaznaessnisiioaretlaante 100 in
wlid¥osarvasnisiinneifunduiinfu 99.6 uaz 100.9% dmiudayiuuay
ASDIATU AUAIAY

S.G. Jeong uavAmg [16] lalauemnmiamlusiuuaznglaalutlaanzlneende
wanmsvessruuvativaganialunisuen TaeshmsuseRvusunseansiifinanuen 20 mm
Wwisumeigaduatsazasinsslusiufuedwniau adia Leanes uas Inunaidou-
lololas vinsimsieiluaning pH 1.8 Taevinnasnenansiedndidasnsinseilsung
0.5 pL leialunismsiadn 30 u1d ‘ﬁqmmﬁﬁaa wazin1saeiunsemwvnaaulsi
4 psrwaldea wievhnisavseendouiiielanuiuneuldiy Wesnnauiudawa
sumusensins et TnevilmAnmsuenyililduanunuiulunisiiesess annuanisinw
Answiuinalusiuldvianuiliuidunseglutig 0-75 M uasiiduUssansanduig
(r") Ju 0.9875 nsUsunglealatasaanundundunssegludie 05-10 mM wazilen
fuusyavSanduius () Wy 0.9642uazdndniadnanlunIngIvin 2.5 LM kay 1.4 mM
AUFIAU

IR YAn waganis [17] loduemsasaamsayivlulaany Tagerdendnnisves
3EUURIVETANIAUULRLN LA TEAMEUNAADY BINTTRIRLIAMIINNAT RSz g
Twdonanduasiuavau lunsipsagimsayivldnanlummaaauiies 10 Wit uax
Tnsninmaelunisnsaain 050 g ol wag 0.58mM mAEFu (S/N=3) uaeiinnuauisa
Tumsvhaniia Tnedlen¥atagaoensiAsesiRunay Wiy 95.1-106.2%

HanM UMW TIns a1 soagUlanmas e Ul
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undl 3
25N19ANLHUIUIRY
3.1 g1saduazaunsal
3.1.1 @15.Adl
1. fayfu (Human serum albumin) MWUTaNS > 95.0% - Aldrich, USA
2. wnszlusluduedwndu tefia leawes
(Tetrabromophenolphthalineethyl ester (TBPE) ) mwuu“sqwé 99.0%
- Aldrich, USA
3. lonuea (Ethanol) mmﬁqw‘é 99.9% — Mallinckrodt
4. nsmseu X-100 (Triton X-100) Awu3ans 99.0% - Aldrich, USA

5. lufisuasiwe (Soditim Acetate) mmu%ajmé 90.0-100.5% - Rankem
6. NIAKBTAN (Acetic acid) AINLUTANT 99.5-100:5% — Mallinckrodt

3.1.2 gunsaluazinseil
1. vniadIunns
2.0nnes
3. U

4. vaannaasd

5. NI%UBARI

6. VaDAnenaNs

7. YouUsnans

8. WeAUAIT

9. UIMNITULIAN

10. in3est33aadUnlmsTnlnines - Jascove30 , USA

11. 1ASBETELS Vortex- Genie Z, USA

12. \n303¥R pH-Metrohm® 827 pH Lab meter, USA

13. nsfwsi Ju Samsung gataxy Grand 2

14. \p3eadagrymyIna Bve TiVA Ju MODEL NZ280/25D

15. 4avAdoun1AaWIL B9UsEneausie
15.1 vaawanaindmsuussalaanie 910w 1 van
15.2 vawanaandmsuilsanaldaaniy $1uiu 1 7
15.3 waammiqﬁwmwmaau MU 2 aen
15.4 leFefdmiugauonnad §1uau 2 nszuen
15.5 AAUAMTUNANEIAZANY 1 1 AAY

=]

15.6 uoudumsgrudmsuldivisviuaraiionisldam

U
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3.2 NSA3UNENTATANY

3.2.1 @1sazaennIgudayiuanududu 250 dadnsusedng

azanwdayiiy 0.0125 n3u Tuthndudsanlessy udiusmsmedlsman
Tooaulilu 50.00 faddns

3.2.2 d@158a1e TBPE adnududu 2.0 x 10™ Tuasedns

avane TBPE 0.0070 nduluteviuea laluvininuSuinsouns 50 Sadans udlds
LAY Triton X-100 USuas 0.1 daddes YSulsunsmeemuealiaedauanysuins

3.2.3 d1vazateUnives pH 3.0 (n5aeeddn 0.1 Tuadednsuay luiAsnosdinn
0.1 Tuasiodns

- msenatsazaty 0.1 luasednslaienasdinn Taudeansun 0.4101 ndu Y§u
Usinasiehusiaanloosusunsu 50.00 fadans

- Ww3suaAITaraty 0.1 luasodnsnsnes@in laedwnainaisavansesdinidudu
99.5 % 11 1.43 fiadans YSuUTumseaeinusiranlonauauasy 250.00 fadans 9Nt
Ununaudulasld 0.1 luarednsnsaodfn 200,00 fadans AU 0.1 luanodns
loflenesding 4.00 faddns USU pH Tilauseannl 3.0 wasusudsunsaunsu 250 fadans

3.3 33N15NAABY

3.3.1 N15AINTMIATFIUNTATIVIRSAYTY

1. WRBNANTOA18MIATIIUTAYIUENTY 1, 10, 20, 30 uaz 40 Jadniuredns
lnslinasasaisuipsgiudayiutudu 250 fadnsusedns 11.0.20, 2.00, 4.00, 6.00,
8.00 fiadans ldluvnnieUsuiaseunn 10 Taddns Usulsunstehusiaanlooou avld
ansazauuInIg A YU LY 5, 50, 100,150, 200 fadnsumoing Auansy

2. Uwpansaganeunsgiudayiiuigudu 5 dadniusedns 11 0.50 fadans ldly
waeAvAaal Wensagas TBRE- 2.0 x-10 luaredss adlu 0:50 Jadans weduna
40 3unit MntuFAIsarateTIMeT pH 3.0 150 NaRans WY 50 3unit mansazane
Tdfiaam shnsaunuadagasuiiaa 2 wif

3.3.2 AnwiAnuaiesvaningai

1. wiswansazate TBPE 2.0 x 10" lwasedns iivlilumnussgansauin
500 faddns uavansavanetnivad pH 3.0 Aulilumaussgansaun 250 Sadans divans
714 2 vanliTlgnmgdl 4 asraidva

2. \wSBNansazany TBPE 2.0 x 10 luadeAnsuazatsazanetined pH 3.0 Tnainn
afsivhnisdinm

3. Ywmansazane TBPE 2.0 x 10° Tuasednsiiwiomfuly in 0.50 fadans ldlu
vaoannassifansazanesayfiududy 30 fadnsusednsey 0.50 fiadans weh 30 Hund
\inansasanetvines pH 3.0 wSeufiuly Sy 1.50 fadans weh 30 Funit udFainly
Sarmspanduuasiinat 2 unii
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4, ﬁmmmmnﬂﬁauuﬂawa@mm'i@mﬂﬁuuaa Tapvinsnsaninfidaaaaidneg ol
1,7,14,30,45,60,75,90,105,165,180,195,210,225,2&0,255,270,285,300,315
330, 345 way 365 Ju

5. mveasaduiRaflasUdsuannaisazats TBPE 2.0x10"° Tuasedns uas
asazaredvines pH 3.0 TwdsaAuliifuaisarans TBPE  2.0x10° Tuasiednsuay
ansazanetviines pH 3.0 Awdeulvl

3.3.3 ﬂn'ma‘wswa“ummsmamaﬁ'aaa’w{]aaﬂv

il Lmauaﬁmamwumimuawsa“awmmmuaawu IFIEJULUW‘B&&’]’J«J&J’] 0.25,
0.50, 2.50 waz 5.00 ldwmninu3uins 25 fadans anntuivaisazane Sayiufinududy
250 fiadnsusednsin 15 feddnsldadurnintiuinmnun Usuliinesietndusuasy
25 fadans selinsdesstlaanedl 5, 10, 50 uag 100 wh audIsu

2. \wisua1siiegs lnellidedaaniedn 0.25,0.50,.2.50 waz 5.00 Tavinsausuins
25 fiadans USuusumssaethndusunsy 25 fiadans avldnsidenlaansd 5, 10, 50
waz 100 i1 AIUAIAY

3. weasavarainsguiininieans 5 i an 0.5 Tadans ldnasannass L
ansavany TBRE 2.0 x 10" luasednsadly 0.50 Saddnsweniuiad 40 5uft vty
asazaneUines 1.50 addnsigun 50 Junit wasazaneldnniminnisaunuaunm s
filnan 2 Wi

4. viendo 3 f"fwgﬂmiﬁamaﬁ”’qﬁaaﬂwﬁﬁmsgauLLaﬂﬁﬁﬂmEumsazmsmmgm
dayiiu

5. AMUINAMNINTY Wa¥TDLATABINITIATIEALNSU

3.3.4 N3ANYIAMANUUIAULAZAUIANZEUYE s dnUT S Al

3.3.4.1 NIANYIAMANBUZYRIUTIYN U VRAYDIWAIEAN

L imspaanTavantiasgausayiiuanududy 250 / Nadnfudedns
AIUD 3.2.1

2. 193uNE3AZAYY TBPE 2.0x10 lWaneans mite 3.2.2

3. wisNawazaly Yviwas pH 3.0 fede 3.2:3

4. ussgasazany TBPE asluussyinaviingoinarain IneUiun TBPE a1
0.5 fiaddns ldatluresdiu LLasﬁwmﬁJﬂﬂmmmﬁ'wm‘%m%aqagqpmﬂ dusuivines
Uweun 1.5 Haddns ldaslugasden LLﬁBﬁ?ﬂ’li@ﬂU’]ﬂ‘Ha&ﬁ’JEJLﬂ%'IEN?UantUUEUU’lﬂ’IﬂL‘ﬁuLaEJ’Jﬁu‘

5. YINN13RT299A Iﬁa5%@@5"5’1L'?au’leiﬁaaﬂmaaqﬁﬁaﬁasmaé’agﬁumm
Wiudu 150 fiafinSusiedns Usuna 0.5 Taddns 1wen 40 Jundl ntudneesdurivlavasn
NAADY LwE1Bn 50 Ju LLé"Jﬁﬂﬂﬁ’mﬁhms@mﬂﬁuuaqﬁnm 2 U

6. FNINMSTMIUT UALANTYNE PRI
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3.3.4.2 NSANYIAMANYALVBIUTTRN N VTAIaDANATERAN
1. ww3guansarateunsgudayiivaiindudu 250 dadnsudedns
Aete 3.2.1
2. \W3unansavaty TBPE 2.0x10" luasedns mude 3.2.2
3. wssuaNsazaty YWines pH 3.0 aude 3.2.3
4. ussyaNsazate TBPE asluussadueivilageswanain lnetiun TBPE W
0.5 addns ldadlunaeanaradin uazihnisaineessmeiniosdagyinia dmsu
Uniiwas Tweun 1.5 faddns  ldaslunaeananadin wagyinistauinvessieindas
FaayInaufe I
5. ¥in1snsate lnedavasanaraandunduldnasannassiiiatsazais
dayfiunrududu 150 fadn3usedns og 0.5 daddns 1we 40 Junil Mndudinvasadau
wlduaoavnaes 1wendn 50 Jud Lnf’hﬁﬂﬂi’mmm'i@mnﬁuuaaﬁLum 2 U
6. ANIMIMILT LayAISIEY AudIy

3.4 myrnsinuTiadaylulutaany

3.4.1 panIsumagetiaanasiiinisiSee1s 50 wia

14laSeanananngesiaasteladnz 0.50 fadans ldmainusuinsuuin 25 addns
USuSinasmedisdainlasay xldmsiagniitingsieans 50 wh

3.4.2 mawsgindsnausayivlulsanzlagldinieswi-3i0aaunins-
Windines

4la3ediwanafingaansiog wiiin1sideans 50 in 050 dadansldlunasavnass
\Auansazatn TBPE 2.0 x-10" luasaans adlu 0,50 Haaass weniuinan 40 3uift 1ntu
WuasazateUwines 1.50 Sadans wwewaw 50 Auii wiansararetddiinvinisauwnu
awnnuitnan 2 wifitdrhnisgandusasilalunamunusayiviuiiasme

3.4.3 mynarzimusuindayiivludaanzleglduanndiadululnsdwiilede
WIBUAULAR

’L‘t’flﬁaﬁwmaﬁﬂ@mmiﬁqasjwﬁﬂmiL%‘ama 50 11 050 addns ldlundudmiy
NANE1TAZANY IAua1Tazans TBPE 2.0.x.10" Waneans aslu 0.50 fadans udiduvgniy
1181 40 it Intuivansazanetrined 1.50 Tadans Wweruu 50 Jundl Muennanty
TulnsdwidefiewSeuiudndrosudvasansndniusiiinat 2 undl wowndindussysvanana
sonudurnudindulumiiefiadniusedns
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unil 4
Nan15IvgLarafUaluna

4.1 M3AFNNTINNINTFIY

4

InguszasAvasmsdnwiiited fe iednwiufiseildniata Tneufaseals

nyvindayiudunafnudisersewiranmseluluiuedwnndu ofia teawnes(TBPE) luans

U

AAWSIAIR (Triton X-100) nuaﬁasawu’mgfmaagmu

TBPE-H + TX-100" = (TBPE-H);, (1)
X(TBPE-H),+ HSA™ = (HSA™ ATBPE) )+ xH (2)

nanmsesiu TBPE Feegluannznsn levinisifal Triton x-100 asluiitevili
TBPE dnagluzuvathurad Wesnsavareilldazifudidusay sndu T8PE luguesluad
U isenfvarsasatedayliu selenantusiiduarsararedidonnuiniu Tavdaes
wan fausiogudsiunssiuamadidu sas s Retuduliiins@nwannunisgandu
LLawmwamnmwmmumﬂa:,.lmsmﬂaﬂ’[umammmaﬂau 400600 wllus wutldua
mwmaaamgw 4.1

1

3 ~—Aa0.0 ppm
0.8
2% —e—t30.0 ppm
= 0.7
= —20.0
Z 06 ppm
Hg 05 ~—10.0 ppm
h§__ 04 —1.0ppm
&
g 0.3 —0Oppm
02
01

0
400 450 500 550 600 650 700 750 800

~ —
ALEIARU (nm)

=

A as = s 1 s s
JUN 4.1 uansannsuvenaniusissuiansazana TBPE fuasagarenmsgudayiiu
ATULTNTY 1, 10, 20, 30 uas 40 fadnsunadng
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nadnasunisganduuasienanladiAinisgandusasfinaiue1iniu 600
wiluiues guduanuenaduiilininisgandusaaniian luadansmuinsgiunes
ansagarensgudayiiulutinrindudu 1- 40 fadnsudedns wuitldnanisaasasiagy
4.2

0.7
1

0.6 -

0.5 4

(a.u.)

0.4 -

<

0.3

Y

y = 0.013x + 0.050

55 o Rz = 0.998

ATNIIAANA LT

0.1 =

0 ) T T — 1 1
0 10 20 30 40

AVIILITuYBIN T AN NI IUgAY U (Mme/L)

J s =) 1 173 £ a o o I a
:a:'lJ'ﬂ q.2 LLamﬂ'ﬂw;J1@53114?1anawaxawaayuu‘lumam'mwmu 1-40 4aanIusaang

n)l las
VD — 1

P @ L | < = o as v oW
il']ﬂE‘LJ‘V] 4.2 QSLWIAIWN mmaqmﬂauuadummeuamamuawumummwmm

a

a a o = " ar &£ o oo . .
Vedgayliy uazilonansannmddlss@nanisdeduls (Coefficient of Determination )

v o

fifwiniu 0.998 Fananlidins sy wiiienduduns s
4.2 msfinwmuaiissvenieuail

lafnwanuateste s ealn1un1svnaasluve 3.3.2.1 Han1sneasuands
U 4.3
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50 -
40 -
a
an
E 30
aé:._‘_'- 20 + e d o a ¥s
= =+—ursuaivinssanull
=
10 . )
;‘ d = 4" < L}
=B anatvinssuaulng
0 T T
0 10 20 30 40 50 60

- 1 a a v sa a & i H = = =
JUN 4.3 wamAnnsganfulasvasndndeiidatussvinnde el dnaunsufu
Wuasdheoadiieisuluidaviy el divarsagatouimssrudayiuiianududy
30 dadnfusefng

INKANIINPEDY WU NANTANEResldIR s e v unTa s iuly
= v o o o v of o add  a 2 o = |
wiulaannangy 4.3 anssuiisusaflaannisthieneidiniouiuliuaswsenlviu
iUz riudayiiu uanhluinAinisgandulesii 600 wilumns aglaanilndlAsaiu
adnalsfnuniomadeuluaSilldmatuitefnvmuai s n e madeuly
fesvezm 17 dnggasiiiunsfinwssluleenguiseauqlulinsfnwmi UasAne
2558)

4.3 N15AN¥BNENATRINISIT BB E e UaanIy
4.3.1. MiAnwdvEnavesn1sfesniesudaanseiingy
IfvinnsAne1Bninavasnisidoanasdetisliaangaisinndunuiiléunanis
VAABIRINNTIT 4.1

4 = ar 1
A1519N 4.1 Lannanisiieaeniageaaniy

i : mudutuvesdayiiu (mel™) " a P
TN - = ForazYaINITIATIEN
A5139914 usnisy wmum'llj "mﬂwf funau
(30 mgL ™) (30 mgL )
Pure urine 18.18 31.67 50.61+10.49 102.40
5 7.02 31.67 41.47+8.13 108.78
10 N.D.* 31.67 35.95+4.91 113.51
50 N.D.* 31.67 31.13+2.12 98.29
100 N.D.* 31.67 29.91+2.85 94.44

vanewg : N.D.* fis ldanunsensiatale
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N5 4.1 %Lﬁulﬁ'jwi‘jaanvﬁlﬂﬁﬂmﬁamaLaa wiofiii0919 5 Wi Andeuaz
waqms'u,ﬂmmﬂunawmwaq mm'ﬂLﬂummvaaﬂﬂimauauqmaqmaEm ( matrix ) SUNIU
AMTAATIEN meammimaa'Nmamﬂau‘luamwmummamwmn’uu 1N 10, 50 uaz
100 i1 wuinAspeazesn sl eiiunduiuunliulndifss 100 wntu Feezidiuledn
151899 50 win fAndesaznisAunduliifiian fefuiudensaidiunisidearsd
50 win Wuanmeiimunzanlunisideatsietetiaans

4.3.2 N13ANYIINTWAVIN15RDNAE1Tda A8 UsZUN

LU?J\"I'iJ’mm@ﬂﬂ’]5WWU7T@WﬂﬁB‘UIﬁ3E}@'§Uﬂ731‘?1@7'14’1]5‘3 ‘Uﬂm“ﬁQWUQ“WGQLQBQWQW?BUWQ
{jf‘iaﬂumau’lﬂivm L‘W‘i']“"ﬂ'ﬂmﬂ mﬂmﬂm‘imamdmau’mau ﬁNUU"\NlWF‘Tﬂ"E’ﬂ?jUW?}@Q
@'JL"ﬂ@"\ﬂ\?@?@&ﬂ\?ﬂﬂﬁ'ﬂﬁﬂ?FJUTU?%‘UW 'ﬂ'ﬂﬁﬁ\jﬂaﬁaﬂq'ﬁ’]Lﬂ'ﬁ'TSWVﬁE]‘llI %La@ﬂﬂﬁﬂqi‘ﬂﬂﬁﬂﬁﬂ\‘]
M50 4.2

AN9797 4.2 LARINaNISIT MY laaniveneLtusEUn

. , AL TNTIYBIBaYiy ( mel” ) . - .
FIUIUVINVDY — E S08AZVBINITILATIZN
5 ¢ Miuasl ANFIINU )
N3N LSNLSY 4 a AUNauy
(30 melL ) (30 mgL )
Pure urine 13.64 31.89 41.68+5.43 8.93
5 5. 58 31.89 34.15+3.64 89.68
10 1.29 31.89 31.97+4.08 96.21
50 N.D.* 31.89 32.78+8 32 102.79
100 N.D.* 31.89 32.07+2.48 100.56

e : N.D* Ae Tannsessiadala

MMt wUTIRSaraz IS B AuAR U YT UsE U ua g T4
ﬂé"uﬁwamwmaaﬂuﬁ'g‘ﬁa 03 Judaiavreiudaluunndneiu Seieldinanunsald
‘L!’]‘U'i Undusiiosntlaaneinuiinguls Iﬂaﬂimmﬂﬂ"l'iwﬂ'mmnaaauwmalu
‘m‘U‘iu‘m

4.4 fnwaudnvaziAuLAzANMNNZaL B lausTRiuel

4.4.1 ussfudiviagaswaiann

4.4.1.1) n13Vug (Repeatability)  n153afildannsTanane q adalugaaian
TnalAgay Imamsi’mﬁgﬂwmﬁaaagmsﬂ,ﬁﬁmﬁm §vn15in waganiizuindenifeaiu wie
SUARITEINTLTIBIASS (precision) vae3aTiA BauanwNasmg T 4.3




M990 4.3 Wanadn %RSD vaansnsaviadsunadayiulaeldussyiusiuuuln (we)

Ineliyanaidealunisnsiade

23

asadi At LLESe (me/L) aududuiingaany (me/L)
1 24.36
2 2520
5 22.69
4 22:21
5 2 23.93
6 23.05
7 19.77
8 25.24

Mean 30.00 23.04
SD - 1.65

%RSD - K17

4.4.1.2) 159197 (Reproducibility) ~ araauasalunisiansaiga Tnunisinasa

nilaq awnsaidsuutasReuluswialudle Wy 33n13dn §in sauidn1izuandon Fae
- = 1% ad 90 P X ol W =i

reproducibility {N178 UMY (precision) V8935 UaRINGAINIS 1N 4.4

A191991 4.4 bamad1 %RSD Yaan s inSunadayiulpeldusseiasituulml (veq)

lagly 3 yanalunisnsiada

assil At UL (mert) AR Iany (me/L)
1 19.99
2 21.66
3 27.14
4 16.85
5 L 26.99
6 26.19
7 28.45
8 27.94

Mean 30.00 24.40
SD - 4.31

2%RSD - 17.68

NMsANYINIMUILazNsIgmuI anududuresdayliufingoialdluusas
A3 alAnganiianududuiiuiaawesdayiiu uasionsanddudoavuunsgrudusing

wuillAgaiuniunueisensuld Fsasuliinviavemansueidlivunzantunnsdunld




4.4.2 vssafiusiylinnasanaiain

4.4.2.1) msmu%ﬂ

M1519% 4.5 uansAn %RSD vesnsnTIviaUsinasayfiulagldussyiausiuuuln
(vaaananadin) lagliyanaiieilunmsnsiaia

ASadi arududuiiniase (me/L) arudutufinsaany (me/L)
1 28.67
2 30.93
7 21.37
4 , 30.28
5 - 29.04
6 28.67
. 28.09
8 31.01

Mean 30.00 23,76
SD - 1.28

%RSD - 4.30

4.4.2.2) A15A191

137199 4.6 WaAnar %RSD ¥8aNNsRTIRdnUiinasayiulaeldussyiasinuull
(wasawanain) lneldvareyasalunisnsiada

Asadl asduduiiuiess (me/L) AAMLLTnTIaNY (me/L)
1 31.23
2 28.45
3 29.04
4 28.45
5 20 28.82
6 27.36
7 28.6
8 30.93

Mean 30.00 29.11
SD - 1.31

%RSD - 4.51
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PINMSANHINITNIUTILALNITTGINUT m'mL%’:J‘ﬁ'u‘umé’ayﬁuﬁmwi'ﬂlﬁ’tuLwiax
ﬂ%@ﬁﬁwmwm%’m%’u’tné’lﬁmﬁ’uLLas’lné’ﬁmﬁum'}m%’mﬁuﬁLcﬁ’ﬁﬁa‘uaqﬁayﬁu LagNAITNIAN
drudsavunmsguduinsnuiniiafeglunasifloonsuld Swaquldnvinvemandasiil
wzaudum s ltanuleaseal

4.4.2.3) ANSEAYNITIASIZHAUNSU

laAnwAsaeazn1sAUNaUls wuldnanIsnaasRanIsIan 4.7

a o

AN9199 4.7 WARIAISDEaLNITAUNEUVDIDAUIUTINSITRfILLAS e UV-Vis

Y

spectrophotometer
v o a -1
AMULYUVUVBIDAYLUY (mel )
f29814 2 ﬁLﬁuaﬂU ﬁ'ﬂﬁqaw‘u Recovery (%)
bbanbadl s
(30 mg/L) (30 mglL ")
ND§ 31.66 31.16+1/46 101.60
g N.D.* 30.33 31.16+1.46 97.33
N.D.* By 23 31.16+1.46 96.95

1 1 |2 = o -d ar a o = v ﬂl .

I1NMINNUI A1spaznsAunduilensadnuiuaudayiiumienios UV-Vis

spectrophotometeri fiAtlndlAes 100% Feamasauszensldionsia tarmmunduilunig
wivtinusayiulusegnsiigansldedsiussansnm

4.4.2.4) NSVATIUANYNADIVDIID
IfSsuiiisuranisvndeuannisaadu (UV-VIS, “spectrophotometer) yanadau

wuuty (nsldleSedlunisgaansazas) uazyanaaeuntulvafimuiainlasseudl
(m3ussgansmeluvasawanain) wulliusuaedrsisvdayiiuienisned 4.8
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= = = = U - o €y aod o w
M157199 4.8 uansnsiUSeuiisuUTinudayiulutlaanziiesginieisinsninme
UV-VIS spectrophotometer gavaaauifia uazyavnaaulval

@ i Viinadayiiuiinsadald (mg L)
A78E14
UV-VIS YANATDULAN yanagoulny
1 36.3 41.16 34.71
2 37.28 51.28 3590
3 37.18 28,51 32.80
4 37.42 2990 32,51
5 38.80 26.47 36.69
Mean (X) 37.39 31.46 34,12
SD 0.90 570 1.68
%RSD 2.40 18.13 4.94
VLNENS) -

ganpdeuliy . .miltlealunisgaasazaie

yanaaeuld  AISUIITENIEAIEAINE R NATHRAN

NNHANITIATIzazSsuieuname IS A meatRnudn nsiassing 3 33
’LﬁwaﬁlmmnﬁwﬁuaEJ'1dﬁﬁaa‘i’wﬁfgﬁwﬁumwm%ﬁu%’aaaWS (Fese= 3.66 <Fgiial = 3.89)
Seausaasuli s i Tuifiariugaazaimnsadnlusy g ndfldluntsiinses
Viinadayiuludegedaansla
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uni 5

d3UNANI5IB AT VDLEUDLUL

5.1 a3Unan15IvY
IﬂimuﬁLﬁwﬁiﬂuﬂ'isﬁ’suu'iﬂqmmaauﬁ'm%'un'iﬁLﬂi'isﬁmﬂ%mmé’auvﬁuluﬂaaﬂz
nnfunuudnifieglinmmazmnlumsldiunazaramsgiulunisseniun1snsae
AnTgivesyavaaULINTY FameamuTinusayiuilasnsadansuasg iyt
Dudunss 1-40 Tadnsudedns IaumsiBadudu Abs. = 0.0131[Albumin] + 0.05080
fAnduussAnsanduiius () wihiu 0.998 wagvhnsfnwmaRsstesheLaianToy
ansavany TBPE waransavanetWesiiulikenuiniu sntufinwinnuaiosvosiie e
fuFoufulivssuiiouiuiheuedifinssutunlnilagdiotihoneifiassanzunyi
UFRTerfusayiuwuiniteadfiermaissiianeseddloldnunianionfulily
nsAnwdvENavaImsiTosnlaamesiinarenisnsain Hidenisnis Spike Sample wrld
Tuns@nw Taevmsideasilaanesaed usasnlesaulusnsdu's, 10, 50, 100 i
wagiilavihnmsdensaanewuidaansiliinngdes fadesazveemsineviundy
g Beoadumswasdusznauiugludistng (matrx) sunumsies e wilielinmsideans
Frousmanlasen WedosazvaimsitassirunduluwualiaflndiFes 100 wndu
nnnsveaetlifeazuitnisiieaetiaanedi 50 whilldrisesaensiunduinfu 98.29
Jusnsduimuizas Winanisnsaaiaiia Laves AINAANITILAS LAY AN AT BUT
Wounn gl
nMsmuYevadaudmsunIasiinusimeaydvlutidanslivinnisfinuwanina
vewiinvosindosnmetetasielagyhnsiieasetdaanydaeissurandush
nMInaasumenITaiaUsuisuiudaaneiivimsfaansdainduusianlessy
wuhnnuturesnswirsgudeldiussuaagiithnduuseninlessuduiideanedull
Alsdunnsnaiy Fefelddamsgliihussdndumniertiaansunuindulsaanlessy
1] Iﬂ&iﬂii@imﬂm‘asuﬂ?uaﬁﬂﬁqﬁuqﬁﬁag'luﬁwwm
uaﬂﬁi'mif'zé’faﬁiﬂ'iiﬁﬂmmmLﬁaaLLawamu.z.iwuaaﬂqmwmaau Tnen1sfnuwiiias
AuLiies 9¢ld38n19muen (Repeatability) \Junstailéannistavaneqadslugasian
ndiAssiu Fanisinisundesegasldisnista finiste sadeannzuindeudionty
LAZN13YIE (Reproducibility) Wupruanansalunmsuansang Tnensiansanileq anansa
Wasuulasdauledesluild Wy 58n1s¥e fin safeannziindeunuinnismagouluus
.uﬂid’lwmmwmﬂauLiaw'!,ﬂammﬂuuauum%RSD 1930159529 InUsnadayiulagly
1A384 UV-VIS  spectrophotometer aa’lumtufwviaausulma’guiuﬂﬂiﬂﬂwiﬂawuLiuuwaa‘um
maaw&nm‘[ma‘lmmim'gmﬂﬂimmaaguumalmﬁmmm (UV-VIS spectrophotometer) 7
AT 30 fadnduredns nunliaasaznsinszvifundulutng 96.95-101.60%
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vhegaiiiunmeaeumnuuandetsdideddyuessaiinseinidanyanaaoud
finnswWauniu (M3UsIaNsaza1ey TBPE uaz UviWes nreluvasawaiadn) Auganeaay
wuutfin (Mslélesedlunisgaansarane) daisaesisdaslinisinseinsamuiuna
gayiiumeuenndndululnsdwideto uidsRadnazld UV-VIS spectrophotometer lunns
AATIERRTIIMITNUEAYIY WUTNITNadeUANLANG 1 ueE 1 iTed ARy amans
PATIEITALERIN 3 35 TR Fopm 3.66 <Foe= 3.89 AiszduAILLTDsi 95% Sananilddnng
3 38 Winadnszvinldunnsneiusgaiitoddny dsaguldigamnasunuylniildiauniy
lulesenuiflsinansieseiftauuiugs

5.2 UYBlEAUDLUY

1. Cuvette Flddusumsinseidaniosaninsinlniwesiiiorinnsiases
wdrmsvhnsasliazonnaunsldnua e lUmseasiliriinlatinsaannadou

2. lumsinSeuansiefisinegaasaugaliaiotosiulilvasiaddudagninidses
Wusdunsela

3. asagale TBPE iluasasansysvinnsyngsis watunsinistlesiudienisia
niingUnsalitldlusewinavinnssan

4, Tum‘sﬁ’]ﬂgﬂﬂﬁmduamuﬁﬁﬁLLaaadmﬁaawa
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NIANUIN N

° 1 -
1. AMIANUIUMIAILUEAVUNINGTEIY
n1511A1 SD A AraLdeuun1nsgu (Standard Deviation)

BE = ii(-‘}-—-‘_')l
V]_l n—1

\ila X Ao ANNTNTULREY
x; Ao anweduuiinle
n Ae IMIUAIUNSYIIEN

2. MIAIUANITAUNGU (%6Recovery) 21
dayiu

A a a - al 1 ” o [3 =
A15199 .1 wansdnsnavasnsiaansinagas Spiked Samplelunisitasieivausunu

gauiu
' = | =
s AT 899 ANTIRANEULE ATNISAANALLES — blank
Rt € oy asii 1 aedi 2 Aadi 1 nsadl 2
2 0.9454 0.9380 0.5872 0.5772
10 0.8898 0.8856 0.5316 0.5248
50 0.8189 0.8135- 0.4607 0.4527
100 0.7829 0.7780 0.4247 0.4172
Lii3eans 1.0003 09968 |~ 0.6421 0.6360

NANNIEUAT Y = 0.013% + 0.050 LLa:f-ﬁw_}mﬂﬁuLmaﬁlﬁ WngnsAnnaANuuu
Y83Spiked Sample ool
fgnsdunisidennsensinedradu 5 wh sl 1
AINTAANAULEI — blank Y84 Spiked Sample = 0.5872
PINAUNITEUNTS y = 0.013x + 0.050
azlel 0.5872 = 0.013x + 0.050
x = 41.32mgl
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@vﬁli’ld?Uﬂﬁiﬁ@Tﬂ»‘!

ANNTNANGUNAS AIN1IAANTLLAL — blank

A15A19819 = — = o
AT 1 ASIN 2 ASaN 1 ASIN 2
5 0.4357 0.4245 0.0775 0.0637
10 0.3873 0.3974 0.0291 0.0366
50 0.3776 0.3664 0.0194 0.0056
100 0.2614 0.3561 0.0032 -0.0047
[FRERN 0.4981 0.4899 0.1399 0.1291

o o | a w i - 1 O o
nnTduns e satIaleg Ly 5 W AT
AN1SAANGULAS- blank Y83 Sample =0.0755

PINFUNTLFUATS y = 0.013x +0.050
azla 0.0755 = 0.013x +0.050
x =211 maL "

v oad 2w 1 o [a v
ansavaneumgiudaydunanadndy 30 mel . daAnspanaulasla 0.4577

PNAUAILAUNTS y = 0.013x + 0.050
gl 0.4577 = 0,013x + 0.050
x = 31,36 mel "

(Spiked sample - Control sample)
X

%Recovery . = Std 100
41.32-2.11
= e e ST (1)
31.36
o e

g : dmsunisifensiatislaans 10, 50, 100 Wi uaglidvinisideans
Tgn1sAurnuauAeIi
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AMARUIN U
govadouSayusunuui 2

ﬁqwmaaué’ayjﬁuﬂmﬁu (Albumin Smart Test) annsatiednnsesauidesvedle
luszosdosiulélaonismuiasayiululaans fenduu fATenseninedayivuay
SwuiiliAnduaisazaisifid Favgvinisasiniauasyszananalaglduenniiaduly
Insdnvilofaudrsenusenunlugyusuiudayiiunuly  (mg/L) Feazannsadeven
UsgAnSnmwnisvihouvedalilupuund aswudunadayiuliiu 30 me/L wilugiaelsa
nszoySunsnazdinisnsranudayiuluilaanzdue 30 mel TuluvdediFeniinney
Tulasdayiyise (Microalbuminuria)

gunsal
Tu 1 yannaeuUszneudiy
1. tewanaindwmivussyUasaeduin 1 am
2. vagmanaindmiuiean gz 1 vn
3. themasoudiuau 5 g0 '
4, a3 wdmSugeiaaniyduiul aseuen
5 lessddmiugasognstlaasiidaniiuda 1 nsguen
5. AurHaNdEIs
6. wavdinnsgdmiuldtiysy
7. giton1slda

Fensldyanasaeu (How to use Test kit)
A5LATENAI9E1 (Sample Preparation)

@ ot 1 = 2 < at 1
1. iiusegelaanzinesniseasiaaeuldluviaiusiiedig
Collect urine sample in container.
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2. MlaSuaigatlaanelvf@aduaanimuali
(0.5 ml) AnadlurInmIsusiloeng

Pull a syringe reach the red line (0.5 m) to fill

@ the urine into the sample prepared bottle.

e e ver e v
3. ANt asen o awaan U iadluain
LSRR

S Fill tap water reach the red line.

—— ) —— I

Tighten cap and shaking the bottle.




nsvaaau (Test procedure)

——_— 1. Wlefadgaiiaanyiidenudlidsdatbidu (0.5 my
: Talunvuzsanansvaud 1
e Pull a syringe reach the blue line (0.5 ml) to fill
the diluted urine sample into the first side of
— container.

2. fipvasewandnnussgansaraly TBPE wastinines
wldlunvusneuansvaui 2

Cut off the tips of ampule (TBPE, Buffer) then
pour them into the number 2 on side of container.

3, dlaaneiidennwdldlunvuerauans
viauit 1 \ntloy

Fill a few of diluted urine sample into
the number 1 side of container.

x 4. Umeln weidntioy

Tighten cap and shaking.

«
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5. A TULHANAITAIUUNTE AT YID

o o/ 1 a L2 o ] A o v
awmumagﬂ Tnsatusiumdsndmusls

Place the container on the location on paper.

A8nslduennaiatu (How to use application)

1. Wa wonwnaladu “Albumin smart test”
Open “Albumin smart test” application.

2. ey WBLTIvnaaU

T

Press for testing.

3. Mvevednsdwiviseuiuas Tnseudwdimnuualiuunsyany | B
Put the mobile or tablet into the marker area on paper.

Wty

Was 1 uAINISNAE U

for get the result.

Press @ for take a photo.

A a
WatuNNNanITIAaaU

Press for save the result.

7.17 \anduguinveliusiy

Press - for back to home page.
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s lunenndiadu

aal L2
- ASnslaanu
- - Useifinmsvageu
T : Taganwenwaiadu
[ \ WA\ 4 TYansldeu
A3UTELUNG
Usunadayiuluiiog _
Syey HanIsuUsELiiol
Uaamay (me/L)
<30 Normal Unn
>30 Microallbuminuria anslilasgayliuie

*A15 A3 UNISINATEINLWNEDAATS

Fousd

wanUsndueneiinsaanedsuiidtuag funginssunisuilaruesidazyanarinnuin
wansussdiuresiuaglunnslulasdayfiyFemslunuumdiiielaunssnusioly

- L,L,mwmwmaauuavummmmmqwaluwmaammmmmmmwmmmnmmumauasmi
NARDUNIBYNTUNIUDT nansanalutlaansyinliuailsaniy

g w
AU
-aafiugavaaaulingamgivediiuainuasunn
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AARNUIN A

1. psUssnaiaiduiardmdmieieidusndinuudea
s E‘IJ o L7 i ﬂ' o L7 v J =!' @l L% - o U o
'NqﬁﬂuuLawmaaQn’Lwamaaammauwuﬁ‘mammJaauu,ﬂmmmﬂumwiaaimﬂumm
A ) 1 = L s
n1swasuulasmudagiunelnuluswlsaiy

Toyayn Y

(v)
@ =
E‘U NITATYLLUULD ﬂ“ﬁw LUUEYEA
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aums¥iluy =ab’ via logy =loga+ xlogb

aunsunfine
n n
Zlo.cn,ri =nloga +(Io_qb)in ............. (1)
i=1 i=1
n n n 2
in logy, =(toga)in +(logb)in ............. (2)

1=y i=1 i=1

Tnedl c waz b 1WuAIA waz e Wugiuueswmean3iusssuya dr1Useuu 2.718281828

2. asmimsgudmiuvmydnasayiuludaansiagldiewndindululnsdwisiets

200
¢
180 4
. y = 23.349(n() + 93.066
’g 160 -
& R’ = 0.9882
[}
a
o 1404
=
i oy
L[\
[
e 120~
100
8(} [ | I | 4] 1
0 10 20 30 40 30 60

ArmIILINYY (me/L)

o 1 ad & Y o a o &
U']ﬂ']a’ﬂLaaﬂLLﬁ'Jli"W]']Lﬂuuﬂuaﬂqﬂiiflu@kﬂu
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3. yanmIfalunw
3.1 wasgunmansyuud RGB (lussuud HSB

3.2 wengunmeendunimad (hue) mmadng (lightness) karamuignsvesd

(saturation) siagu

() (®)
sUuanssUnwluszuud HSB lnaudsnweenidu
(M) Ad (2) Aadne () ANNUIAVSUDSE

& 7 P ' [ ' ' ' a
3.3 \@eniawiwamiAtmaainsed (Value) werurrrmuaingvesdluyng Ainlea

30 Ll VbR /) P N NALR R~ (] A\ —
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30

25

AU

20 ;
15

10|

A1 Value

035 037 039 04, 0439045 047 043 051 0537055 ,0%7 058 D61 D63 066 067 069 071 073

=

= a aa | I o o | ' ¥ o 1 a
3.4 \dananizfiiniganiainiuainwedlndmesiutihuneuaand (Hue) waanald
WwasNaIANaT b sunIu



4. maruaanuduiuredayfiulutiaanslaswendinduliinsdwidede

Resize
2560 x 1920

: 1'% (
RGE o HEV] '
R

s
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AMANUIN

d 1 a = el =) v 2/ d‘
M99 9.1 LLammmimﬂmmJimmaaguumamﬂﬂumim UV-VIS Spectrophotometer,
Ampule uay Syringe

UV-Vis | Amplue | Syringe |

363 3071 | 4116
3728 | 3390 | 31.28
37148 | 3280 | 2851
3742 | 3251 | 29.90
3880 | 3669 2647

X 37.39 34,12 31.46
SD 0.90 1.68 1} '5.70
%RSD 2.40 4.94 18.13

A9 4.2 N1siUSeulsuRadATIEie 8IS NN 1eanE ANOVA

Anova: Single Factor

SUMMARY

Groups Variance

UV-VIS 5 186.965 37.393 0.805258
Ampule 5 170.602 34.1204 2.838427
Syringe g 157.3195 31.4639 32.54237

ANOVA
Sou f

= P-value

Variation i MRS e
Between Groups 88.20188 2 44.10094 3.656183 0.057554 3.885294
Within Groups ~ 144.7442 12 12.06202

Total 232.9461 14
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ANARUIN 9

1. usTyAaueiwanadin [11]

High Density Polyethylene 13untain HDPE (uwanainuszinvnediadiau (polyethylene,
PE) fifieanuvinutiugs maiFesivesluianavgiifsiumn fianuvuiuiuain HOPE fady
wuULUSEIN 0.941-0.965 ¢/cm” ealdfunnluniswdaussadneinatadin 19y ¥3n §1 am
eiiasmaaruudsusaudlidosnisarulanintn

S M
gnalasedsnn LAl veHDPE

wodAlefiaunananuidenauiunszuunsiivansivhldanusodusaiudun eduesla
v ) 1 o 2 a ¢ & | T v s v 5w
meldussuutnneae i lalanedwasndauianwddininlaanant (@nvasiduilndy
4 £ =2 o & o el 1 2,
vivolutu) laufulianags (Fruasiluvesdmbanguls)

1.1 AaiaudAniamenn

HDPE - filassadrsmaiaiifidufsanan (branching Yo dussisnasguineluianaves
woRwairouthigs iinuulouss iormmnudugaivesilidarueduwageumisnfiniu
uAilormuvuntanas agvi sl wupudeulaliuintn usnuansiafflad ey
yunwdeu (ugamndasds 110°C f 120°C 1elutasdug) wildansonugamgiigslunde
Saloth (Autoclave) wiawaaafinwdln PP (Polypropylene, dadnualiiav 5) warnuseansiadl
1nN31 LDPE (Low-density polyethylene, dydnsaiad 4 usadn1nain1dldaneauns w
URL R PhL RN ]

HDPE fAv129u Tuswuas dauduiulus dauwmiouasBangu laifindu Lifsa fau
muumnInisaeeild annsonauliidsag q o

1.2au 3w

wedlefidu (Polyethylene w38 Polythene) gnAunulut 1933 Tng Reginald Gibson and

Y

Eric Fawcett U3 Imperial Chemical Industries (IC) Tulssivagangy Tanussanild 2 Uuuy

o s

Ao LDPE way HDPE Tay LDPE Tdndnuiuilduuas fandmiuussaitue @ HOPE Sanuudauss
i Inanussadue viedh wavgunsaleueud



45

HDPE Lﬂui‘ﬁﬂﬂ‘wm‘w Polyethylene Thermoplastic (Thermoplastic Aewanafniianunse
thnduumaenlilmils) Aldngnamnssulinsiden adunaradnildsudydnuaiiay 2 3
wineie Resin Identification Code 2 iflamuazaindmiunissuunvinvemaradnlunisi
nauludsuvinlug (recycled)

Tu¥ 1945 Earl Tupper wiisu3dn DuPont® dunaiwediefidwdunediuesdunssnid
Auwilen nuvu annsadsmasluwuuulTue U uasnanFliddn q 16 Sadude
nsuaauAtwatain uareuens deldsuarudandesanitmdnun ddunild wasdeunldnda
amsuziielaldss faduiinvesnimugussramnsitlasuanudsuanuaidwluadody lude
ga3iuiaduas (Tupperware®)

1.3 Aslgeu

HDPE wumusieansiaduasdniasatevaaylin danudagusansinsenunssunn lud
uand1dne ansnsmunlivssliendlunuing 4 Tnsawignimanaivurussaieisuainnisil
Nl (blow molding) Lilasanupdaluwsiasilanan Lifnusdias vinlvensenanusliam
¥ nusiindnaIn HOPE i9u 1amussuuan waaussaiiendndt dwssaihiulusueud ve
Uszn [He-iaWULd gawanain mas uanand HOPE alilunisyfiudeiisnauveziitedestunis
%"’J%"u?Jaqa'ﬁmﬁaajﬁuﬁmamméaﬁwasimﬂﬁ

1.4 FetamAnstasifiviian HOPE

- aapthi vaeussqua mavihidiude

- MU NABY NIEUNUTIIBMNS NIsYnelasinnily

- vanldarmail vanayvag (wanth) vantiendnd assdemuts
- feuaznaBivTIAUAT aaldvas

- awului
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dy I dl Y o L ¥ ﬁl = 1 i’j 1 Y o £ L ¥
wnansiluenansianulidgwiumsldanuienisfinumintu lieygnlmhluldusslevisunisen
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Anew sequential injection (SI) system with spectrophotometric detections has been devel-
oped for successive determination of protein and glucose. The protein assay is based on
ion-association of protein with tetrabromophenolphthalein ethyl ester (TBPE) in the pres-
ence of Triton X-100 at pH 3.2. The blue product is monitored for absorbance at 607 nm.
For glucose, hydrogen peroxide, generated by the oxidation of glucose in the presence of
glucose oxidase immobilized on glass beads packed in a minicolumn, is monitored using
iron-catalyzed oxidation reaction of p-anisidine to form a red colored product (520 nm). The
Sl procedure takes advantage in performing the protein assay during the incubation period
for glucose oxidation. Linear ranges were up to 10mgdL~! human serum albumin (HSA)
with a limit of detection (LOD) (34) of 0.3mgdL"?, and up to 12.5mgdL-? glucose with LOD
of0.08 mgdL-1. R.S.D.s (n="11) were 2.7% and 2.5% (for 1 mgdL~*! and 5 mgdL-' HSA) and 1.4%
(9mgdL-! glucose). Sample throughput for the whole assay of both protein and glucose is
6h'. The automated system has been demonstrated for the successive assay of protein and
glucose in urine samples taken from diabetic disease patients, with good agreement with
the other methods. This developed SI system is an alternative automation for screening for
diabetic diagnosis.

© 2007 Elsevier B.V. All rights reserved.

1; Introduction

diabetic nephropathy [1], and diabetes is closely related to kid-
ney failure. Hence, urinary glucose, which also is an important

Proteins synthesized in the liver are building blocks for all
body parts. Usually, most proteins are too big to pass through
kidneys’ filters into urine unless the kidneys are damaged.
Therefore, appearance of proteins in urine is an important
indicator to proteinuria. Over 30% of patients who started
undergoing artificial dialysis in Japan in 2000 were the result

* Corresponding author. Tel.: +81 565 48 8121; fax: +81 565 48 0076.
E-mail address: tadsakai@aitech.ac.jp (T. Sakai).

0003-2670/$ - see front matter © 2007 Elsevier B.V. All rights reserved.

doi:10.1016/j.aca.2007.10.010

indicator to diabetes, should be monitored for diagnosis of
renal disease.

For semi-quantitative assay of protein and glucose in the
clinical laboratory [2], a strip of specially treated paper with
dyestuff is commonly used for convenient and rapid examina-
tion. The color appearance on the urine test paper relates to
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the amount of abnormal values in urine. However, it does not
offer accurate analytical values and the determinable range
is rough. Therefore, simultaneous and automated protein and
glucose quantification in clinical diagnosis requires a method
that is more accurate for screening,

Protein dye-binding assays are simple, rapid and becom-
ing increasingly popular for the clinical determination
of the total protein. Bromophenol blue was proposed
for a simple spectrophotometric determination of urinary
albumin [3,4]. Fujita et al. reported highly sensitive spec-
trophotometric methods for urinary protein with dye-metal
complexes and micelle media [5-9]. Simple and rapid ana-
lytical methods with bromochlorophenol blue were proposed
for protein detection [10,11]. However, the methods men-
tioned above are manual and consume large amounts of
reagents.

Flow injection analysis proposed by Ruzicka and Hansen is
a versatile and convenient technology for clinical and phar-
maceutical analysis [12]. A highly sensitive flow injection
method was proposed for the determination of proteins using
Coomassie Brilliant Blue G-250 (CBB) [13]. Zaia et al. found that
total protein obtained by using the Bradford method was not
statistically different (p > 0.05) from the results obtained by the
Biuret standard method [14]. However, a short linear range for
the calibration graph was offered by this methed.

Sakai et al. have reported that tetrabromophenolphthalein
ethyl ester (TBPE) anion has a larger molar absorptivity
(10°Lmol*em™?), comparing with bromophenol blue and
bromocresol green [15]. Fortunately, it was found that TBPEH
dissolved in the micelle formed by adding Triton X-100. Conse-
quently, it is possible to use TBPEH as a chromogenic reagent
for the protein-TBPE associate formation. In a previous paper
[16], TBPEH in the micelle was applied to the FIA procedure for
the protein determination at less than 1mgdL~" level.

Glucose can be determined using o-toluidine by batchwise
[17] and/or on-line procedure [18], butit requires heating. Glu-
cose oxidase is widely used for quantitative analysis of glucose
in body fluids [19,20] due to selectivity, but it is a tedious
method.

Flow injection determination of glucose using glucose oxi-
dase (GOD) immobilized on controlled porosity glass (CPG) was
reported [21-23]. Hydrogen peroxide generated by the oxida-
tion of glucose in the presence of GOD was monitored using an
iron-catalyzed oxidative coupling of 4-aminoantipyrine with
N,N-dimethylaniline [23]. While FIA shows some advantages
for practical analyses, because of the continuous flow of the
reagents it still consumes relatively high amounts of reagents,
resulting in higher amount of laboratory waste in comparison
to the second generation, sequential injection analysis (SIA).

We recently found that vanadium acted as a catalyst for
the oxidation of p-anisidine by bromate [24]. Furthermore,
preliminary experiments in this paper reveal that iron has
a catalytic effect on the oxidation of p-anisidine by hydro-
gen peroxide and that this catalytic reaction is useful for an
alternative indicator reaction of glucose. As a result, we pro-
pose here a new automated sequential injection method for
successive determination of protein with TBPE and glucose
based on the new catalytic reaction by iron in urinary sam-
ples. This should be useful to diagnostic screening for diabetic
disease.

2. Experimental

2.1.  Reagents

All chemicals used were of analytical-reagent grade and were
used without further purification. The DI water used through-
out the experiments was purified by an Advantec GSH-210
apparatus.

Stock standard solutions were of human serum albumin
(HSA) (100mgdL ') using MW: 66,000, Seikagaku Kogyo and
glucose (180mgdL ') prepared by dissolving p-(+)-glucose
(Nakarai Chemicals Co., Osaka) in water with standing for
at least 12 h before use, to ensure mutarotation equilibrium.
Working standard solutions were obtained by mixing the HSA
and glucose stock solutions for appropriate concentrations.

Stock solutions of TBPE (1.0x 10~3*M) and Triton X-100
(0.5%, w/v) were prepared by dissolving tetrabromophenolph-
thalein ethyl ester potassium salt (MW: 700, Tokyo Kasei,
Tokyo) in ethanol and t-octylphenoxypolyethoxyethanol
(Sigma Chemical) in water, respectively.

A p-anisidine solution (0.1M) was prepared by dissolving
p-anisidine (Wako Pure Chemical Co., Japan) in water.

An iron(Il) stock solution (0.1 M) was obtained by dissolv-
ing iron(ll) sulphate (MW: 278.01, Wako Pure Chemical Co.) in
0.005 M sulfuric acid.

Buffer solutions were prepared by adding acetic acid in
0.5M sodium acetate solution to adjust pH values to be 3.2
and 4.5 for protein and glucose assay, respectively.

Controlled porosity glass beads (200-400 mesh size,
182 A mean pore size) were obtained from Sigma Chemical
Company. Glucose oxidase (E.C.1.1.3.4) from Aspergillus sp.
(200Umg ") was obtained from Roche Diagnostics, USA. A
working solution of glucose oxidase was obtained by dissolv-
ing the enzyme in phosphate buffer (4 C, pH 7.0) and with
suitable dilution. Aqueous aminoalkylating agent (10%) was
prepared by adding 5.2mlL of 3-aminopropyltriethoxysilane
(99%, Acros organics) to 50 mL of water and the pH was care-
fully adjusted to 3.45 with hydrochloric acid. The cross-linking
agent (2.5%) was prepared by adding 2.5 mL of glutaraldehyde
(50%, Kanto Kagaku Co., Japan) to 50mL of water.

2027 Apparatus

A schematic diagram of the SI system for successive analy-
sis of protein and glucose in urine samples is shown in Fig. 1.
The flow lines were of Teflon tubings (0.5 mm inner diameter).
Flows of the carrier and reagent were controlled by a syringe
pump (FIAlab instruments, USA) and a 10-port selection valve
(C25-3180EMH, Valco instruments Co. Inc.). The enzymatic col-
umn was immersed in circulating thermostated water bath
at 37°C (Thermo minder SM-05, Taitec, Japan). Absorbance
was monitored at 607 nm for protein determination and at
520nm for glucose analysis. The detection unit consisted of a
tungsten halogen light source (LS-1, F1Alab Instruments, USA)
and a spectrometer (USB2000, Ocean Optics, USA) and fiber
optic cables (P200-2-UV/Vis, FIAlab instruments, USA) and Z-
cell (home made, path length 10 mm). The FIAlab software was
used to control the system and some signal processing. Peak
evaluation was made by using the Origin software with man-
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FlAlab
rogram
AC1
Waste
£
Spgz’trome‘te{ Light source
’ HD Auxiliary waste

EC (37 °C)
o )

p-anisidine
Fe (Il)
BS2

SP

E
Std./Sample

Fig. 1 - Manifold of the SI system for successive determination of protein and glucose in urine samples. HD: holding coil,
EC: enzyme column (4.5 cm x 2 mm), AC: auxiliary coil, SV: 10-port selection valve, SP: syringe pump, BS1: 0.5 M acetate
buffer pH 3.2, BS2: 0.5 M acetate buffer pH 4.5, TX-100: 0.1% Triton X-100, TBPE: 1 x 10~* M tetrabromophenolphthalein ethyl
ester, Fe(Il): 5 x 10~3 M iron(1l), p-anisidine: 0.1 M p-anisidine.

20mL to 1.0g of the glass. The mixture was left at 75°Cin a
water bath for 2.5 h, The chemically modified alkylamino glass
was washed and dried in an oven at 115 C for 8h. After that,

ual operation for each peak: peak area for protein while peak
height for glucose.

2:3. Procedure the alkylamino glass (1g) was added to 5mL of an aqueous
glutaraldehyde solution (2.5%) and was kept under reduced
2.3.1. Immobilization of enzyme on glass beads pressure for 30 min and then kept under atmospheric pressure

The immobilization of enzyme was performed by following for 2h. The activated glass beads were washed with water.

procedures described in previous reports [21-23]. A5 g amount
of CPG was boiled in 300 mL of 5% nitric acid for 30 min. The
CPG was washed with water and dried in an oven at 95 'C for
12h. After that, 10% of 3-aminopropyltriethoxysilane solution

Glucose oxidase (100 mg) was dissolved in a cold phosphate
buffer (0.1M, pH 7.0, 4°C) and added to the activated glass
beads. The mixture was kept at 4 'C for 2.5 h. The immobilized
enzyme derivative was washed with cold phosphate buffer

(pH 3.45) was added to the dried glass beads with a ratio of and cold water to remove unlinked enzymes that remained

Table 1 - Operation sequence of SI system for successive determination of protein and glucose (see full protocol in ESI)

No. Operation sequence of the SI method Remark

Aspiration of buffer and glucose solution Incubation of glucose
Aspiration of 0.5M acetate buffer pH 4.5

Aspiration of stand/sample solution

Aspiration of 0.5M acetate buffer pH 4.5
Dispensation of all reagents to the enzymatic column
Aspiration of 0.5M acetate buffer pH 3.2

Aspiration of 0.1% Triton X-100

Aspiration of 1 x 10~* M TBPE

Aspiration of 0.5M acetate buffer pH 3.2

Flow several process for mixing

Aspiration of protein standard/sample

Determination of protein

=
B O WK ~NOU bW

12 Flow reversal process for mixing

13 Monitoring of product

14 Cleaning the holding coil and flow cell Cleaning the system
15 Aspiration of 0.5M acetate buffer pH 4.5 Determination of glucose
16 Aspiration of 5 x 10~* M iron(ll)

17 Aspiration of 0.1M p-anisidine

18 Aspiration of 0.5M acetate buffer pH 4.5

19 Flow reversal for mixing

20 Aspiration of peroxide solution from the enzymatic column

21 Flow reversal for mixing of reagents

22 Monitoring of product

23 Washing the holding coil, flow cell and enzymatic column Cleaning the system
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Syringe pump +—— = Detector

A BSI TX-100 TBPE BSI
(1000 ul) (100 ul) (100 ul) (50 ul)
t
[ HS A/protein (20 pl) I
B BS2 Fe(Il) p-anisidine BS2
(50 ul) (100 ul) (100 ul) (50 ul)

3

| H,0, from enzymatic column (280 ul) l

Fig. 2 - The sequence of reagents for protein and glucose
determination. The concentrations of all reagents are
defined in Fig. 1. (A) for protein determination, (B) for
glucose determination.

on the glass beads. The immobilized glass beads were packed
into a Teflon tube (4.5 cm x 2 mm). The two ends of the column
were plugged with cotton filters and stored at 4 C in water.
The activity of enzyme can be kept for at least 1 month.

2.3.2. Procedure for the successive determination of

protein and glucose

Using the manifold shown in Fig. 1, the system was filled with
water as a carrier. The enzymatic column was controlled at
37 C (temperature in human body). The home made Z-cell
(10mm path length) was connected to port#10 of a selec-
tion valve with 5 cm tubing to minimize dispersion of product
zone. The auxiliary coils 1 and 2 were set to protect from
waste and air flow to the flow cell and the enzymatic column,
respectively. Sequences for SI operation are summarized and
illustrated in Table 1 and Fig, 2.

To start the glucose determination process, 20 L of 0.5M
acetate buffer solution of pH 4.5 (BS2), 280 uL of glucose stan-
dard solution or sample and 50ul of 0.5M acetate buffer
solution (pH 4.5) were dispensed to the enzymatic column
through port#2 for incubation during the protein analysis pro-
cess. The protein determination started with aspirating the
following into the holding coil (Fig. 2A): 1000 uL of 0.5 M acetate
buffer solution of pH 3.2, 100 uL of 0.1% Triton X-100, 100 uL
of 1x 10~ M TBPE and 50 pL of 0.5M acetate buffer solution
of pH 3.2. Flow reversal was made to promote mixing of the
reagents via the flow cell port of the selection valve. Then,

the standard human serum albumin (HSA) or sample solu-
tion was inserted into the micelle mixture solution. The blue
color product zone that occurred after the second-flow rever-
sal process was transferred to detection unit for absorbance
monitoring at 607 nm. At the end of this process, the sys-
tem was washed with water. Then, the glucose determination
step restarted again by aspirating 0.5M acetate buffer (pH
45), 5x 1073 M iron(ll) and 0.1M p-anisidine solutions as the
sequence in Fig. 2B. Flow reversal was made before inserting
the peroxide produced from the enzymatic column into the
center of mixture. The red product formed was then trans-
ported to the detector.

3. Results and discussion

3+ Detection reactions

For protein, as proposed by Sakai et al. for the micelle extrac-
tion of TBPE-protein into Triton X-100 at pH 3.0 [16], the color
development occurs according to the following Eqgs. (1) and (2).

TBPE :H + TX-100 = (TBPE - H),,

(1)
Yellow colorless Yooy
The protein in acid solution (HSA**) would be associated
into the micelle:

x(TBPE - H)__ +xH* @)

Yellow

+HSAY" = (HSA** (TBPE"),),,

Blue

The maximum absorption wavelength of the TBPE-protein
associate was found to be at 607 nm.

The detection reactions for glucose determination by the
enzymatic method are as follows:

D-glucose + H;0 + O3 G—>m)D-g1ucono-1‘ 4-lactone + H,0,
©)]

Hy0; + p-anisidineF—e@Red color product + H20 (4)

GOD promotes the oxidation of p-glucose by molecular
oxygen to D-glucono-1,4-lactone [25]. Hydrogen peroxide is
produced simultaneously. The hydrogen peroxide obtained
from the oxidation of glucose oxidizes p-anisidine to a red
color compound in the presence of iron(ll) used as a catalyst.

0.30
0251 (a) ®)
. 020 d SRR 4
E /\ E 0.0 r/ \
0.15 [
S /c\ 8 0.15 ;\ \
“© 0104 /b o \
f 0.10-
RN 4\ gorl
< 0054 < .05
o PN A
000, jf’ \N\,__wn___, 0007
150 200 250 300 450 500 550 800 650
Time (s) Time (s)

Fig. 3 - Peak profiles due to (A) protein, HSA: (a) blank, (b) 0.5mgdL"?, (c) 1.0 mgdL~?, (d) 2.0 mg dL~?; (B) glucose: (a’) blank,

(v*) 1.8mgdL~%, (c*) 5.4mgdL™%, (d*) 12.6 mgdL-1.
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Type A
| Buffer | TX-100 (A) I TBPE (A) ‘ HSA | Buffer ‘
Type B
| Buffer |T.\L-IDO{A) TBPE(.-\)| Buffer |
T
Type c HSA
I Buffer ‘ TX-100 (B) | TBPE (A) { TX-100 (B) l Buffer |
Type D HSA
| Buffer [ TBPE (B) | TX-100 (A) | TBPE (B) | Buffer |

Fig. 4 - The sequences of the reagents for protein assay by the SI system. Buffer: 500 pL of 0.5 M acetate buffer at pH 3.2,
TX-100(A) and TX-100(B): 50 and 25 uL of 0.1% TX-100, respectively, TBPE(A) and TBPE(B): 50 and 25 pL of 1 x 10~*M TBPE,
respectively, HSA: 20 pL of human serum albumin standard solution.

The maximum absorption wavelength of the red color product
was at 520nm.

3.2.  Peak profiles

According to the two detecting steps in the successive deter-
mination of protein and glucose, first, the protein-TBPE
associate was formed and monitored at 607 nm (Fig. 3A). Then
in the steps for glucose determination, the oxidized form of
p-anisidine was monitored at 520nm (Fig. 3B). The detection
steps for protein and glucose can be performed independently
with the ability of the spectrometer to measure absorbances of
the monitored products simultaneously, even in two different
wavelengths.

3.3.  Variables in the determination of protein

3.3.1. Aspiration sequence

The aspiration sequence of reagents into the SI system is
important for mixing and consequent reaction steps. Four dif-
ferent aspiration sequences of reagents (types A, B, C and
D) were tried, as illustrated in Fig. 4. Experiments using HSA
(0-8mgdL 1), 20 uL; 1 x 10~* M TBPE, 50 uL; 0.1% TX-100, 50 uL
and the buffer solution (pH 3.2) were performed. Type B
sequence was selected as it yielded small standard deviation,
reproducibility and a good linear calibration graph.

3.3.2.  Effect of TBPE concentration

The effect of TBPE concentration was examined in a range of
8x 107°M to 1.5 x 10~* M. It was found that the slope of the
calibration graph was practically constant for TBPE concentra-
tionsinarange of 1 x 10 % to 1.5 x 10* M. The slope was found
to be less when TBPE concentration was less than 1 x 1074 M,
TBPE of 1 x 10~* M was selected for further study.

3.3.3.  Effect of Triton X-100 concentration

The effect of TX-100 concentration (0.05-0.13 %, w/v) on the
sensitivity of the system for the protein determination was
studied. A concentration of 0.09% (w/v) was suitable for the
detection.

3.3.4. Effect of pH of buffer

In this study, pH of the 0.5M of acetate buffer was optimized
for protein detection. The effect of pH in the range of 2.7-4.8
on the 5mgdL~! HSA is presented in Fig. 5. Signals increased
slightly when pH of the buffer increased. However, the blank
signals also increased when pH increased. The net signals
(subtraction for blank) were considered. It can be seen that the
net signals become constant starting from pH 3.2. Therefore,
the suitable pH for protein-detected reaction should be 3.2

3.3.5. Flow reversal
For the protein determination, there are two steps employing
flow reversal, one before and one after protein solution was

0.7+ | —®—signal
06 | —®— blank
05 | —&— net signal

04
03 ‘/“_\i—i—""“
024 /
0.14

0 T T — T

2 25 3 35 4 45 5
pH

Signal

Fig. 5 - Effect of pH of 0.5 M acetate buffer on protein
determination, 5mgdL-! HSA 20 pL, (H) blank signal, (4)
5mgdL-! HSA, (a) net signal, other conditions as in Fig. 1.
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Fig. 6 — Effect of iron(ll) concentration on glucose assay.

80 pL of 8 x 10~*M H,0, and 100 uL of iron(ll) at various
concentration. (M) Blank signal, (¢) 8 x 10-*M H, 0, (4) net
signal. Other condition as in Fig. 1.

aspirated into the system. It was found that flow reversal for
both the steps did not enhance signals. So, only one direction
of flow should be implemented.

3.4. Variables on the determination of glucose

3.4.1.  Effect of iron(Il) concentration

Iron(II) solution was used as a catalytic reagent for the oxida-
tive reaction of p-anisidine and hydrogen peroxide. The effect
of concentration of iron(ll) (8 x10"*M to 1.5x 10°2M) was
studied. The results in Fig. & indicate that 5x 10 *M iron(Il)
should be chosen.

3.4.2. Effect of p-anisidine concentration

The effect of concentration of p-anisidine (0.02-0.15 M) was
studied. The absorbance increased with increasing concentra-
tion of p-anisidine until 0.1 M and became constant over 0.1 M.
Therefore, a 0.1 M of p-anisidine was selected.

3.4.3. Effect of pH of buffer solution

The effect of pH on the formation of colored product was inves-
tigated in the range pH 4.0-5.7 using 0.5 M acetate buffer. It was
found that the slope of calibration obtained by using buffer of
pH 4.5 was the highest. Hence, pH 4.5 was chosen.

600F (A)
500
400
300
200

100

0 1 PR T L
0 200 400 600

Corotein DY batchwise method [16] / mg/dl

Coroein PY proposed method / mgidl|

Table 2 — The recoveries of successive determination of

3mgdL ! HSA and 5.4mgdL ? glucose in a real sample
urine using various dilution factors.

Dilution factor %Recovery
Protein Glucose

10 89 52

20 100 55

30 97 74

50 98 90

60 101 100

3.4.4. Standard/sample volume

Sample volume loaded into the enzymatic column was
studied over the range of 40-320 uL. The peak height for
glucose increased with increasing sample volume up to
280 pL. The peak height became constant for a volume of
280 L or over. Therefore, a sample volume of 280 L was
selected.

3.5. Analytical characteristics

Calibration graphs for protein and glucose were established
under the proposed conditions: [peak area]=0.747 [mgdL~!
HAS] +0.673, r? =0.999 for 0-10mgdL ' HSA with LOD (30) of
0.3mgdL™" and R.S.D.s (n=11) were 2.7% and 2.5% for 1 and
5mgdL-! HSA, respectively; and [peak height] = 0.0106 [mgdL~!
glucose] +0.0275,r? =0.998 for 0-12.5mgdL ! glucose with LOD
(30) of 0.08mgdL~? and R.S.D. of 1.4% (9mgdL-? glucose;
n=11). The sample throughput was six samplesh~! for suc-
cessive analyses.

3.6.  Interference study

For the determination of protein and glucose, various amounts
of foreign compounds were added and their interference
was examined. Sodium chloride, creatinine and urea were
considered as they are commonly coexisting in urine. The
average concentration levels of Na*, Cl°, creatinine and urea
in an ordinary person’s urine were reported to be 294 mgdL-!
(128mEqL"Y), 478mgdL ' (134mEqL!), 196mgdL~! and
1820 mg dL 1, respectively, although the values may be differ-

B
3000 | ® 2

2000 -

Caucose DY Proposed method / mg/d|

0 1000 2000 3000

Coiucose DY electrode method / mg/dl

Fig. 7 - Correlations between the results obtained by the proposed method and other methods (see the text) for the
determinations of (A) urinary protein and (B) glucose. (A) y = 0.942x +20.6, r? =0.967 (n=15); (B) y =0.991x — 74.3, r? = 0.980

(n=15).
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ent from person to person and/or condition to condition [26].
Sodium chloride and ceatinine did not interfere in the pro-
tein determination up to 75mgdL-? (29 mgdL-? for Na* and
46 mgdL~ for C1-) and 100 mgdL-1, respectively, when defin-
ingas a maximum concentration of foreign species that causes
a deviation of less than +5%. Urea up to 1820mgdL* did
not interfere. For enzymatic glucose determination, uric acid
and ascorbic acid were reported to compete with a reduced
chromogen as hydrogen donors [27,28]. Uric acid and ascor-
bic acid are usually found to be about 42mgdL~? (2 x 10~ M)
and 3.7mgdL"? (2.1 x 107°M) in normal urine. It was found
that uric acid up to 2mgdL* (1.2x 10 *M) and ascorbic
acid up to 0.25mgdL ! (1.4 x 10~° M) did not interfere for the
determination of 9mgdL~! glucose. In order to overcome the
possible interferences discussed above, dilution of urine sam-
ple should be made so that the concentration of interfering
species would become lower than their limits that would inter-
fere.

A urine sample containing 3mgdL-! HSA and 5.4 mgdL "
glucose with wvarious dilution factors was studied for
recovery to verify the approach. The results (Table 2)
indicate that dilution of at least 60 folds would over-
come the possible interference from the species. The
R.S.D:s of this manipulation were higher than that of the
standard solutions of the same concentrations without dilu-
tion.

3.7.  Applications to real samples

The proposed SI method was applied to determine succes-
sively protein and glucose in 15 urine samples taken from
diabetic disease patients in a group of different ages. The
samples were filtered by filter paper (Whatman#1) and were
diluted at least 60-fold with water before aspirating directly
into the proposed SI system. Concentrations of protein and
glucose were evaluated from the calibration equations. The
results are shown in Fig. 7. The protein contents obtained
by the proposed SI method agree with those by the batch-
wise method [16] with correlation of y =0.942x + 20.6, r? = 0.967.
The correlation of glucose concentration obtained by the
proposed SI method and that of a routine assay using a com-
mercial Glucoroder GXR with an oxygen electrode (A&T Co.,
Yokohama) was: y=0.991x — 74.3, r? =0.980. The experimental
t-values between the two couples of methods were 0.291 for
protein and 1.77 for glucose. These t-values were less than the
t-value (2.145) for 14 degrees of freedom at the 95% confidence
level.

For medical checkup, protein is generally assayed in the
range from 15 to 1000mgdL~! while the range for glucose
is from 50 to 2000 mgdL . Healthy subjects give concentra-
tion levels of protein and glucose less than 15 and 50mgdL-?,
respectively. The proposed method would be employed for the
assays of protein and glucose with suitable dilution.

4, Conclusions

A new automatic sequential injection system with spec-
trophotometric detection for successive determination of
protein (0-10mgdL-?) and glucose (0-12.5 mg dL-!) was devel-

oped. The protein assay is based on ion-associate formation
with TBPEH, while the glucose assay is based on the detec-
tion of hydrogen hydroxide produced from glucose oxidase,
using p-anisidine with iron-catalyst. With automation using
SI, protein assay can be performed during the glucose oxi-
dation incubation period. The developed system has been
demonstrated for the assay of protein and glucose in dia-
betic patient urine samples with good agreement with the
other methods. This new automated SI system should be
an alternative for clinical routine assay for diabetic disease
screening.
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