< L4 €. W : P a
nmsauaTRaryssgnalvaynianaanlu ivensiadianglas
L 4 L] J P
mendanlulaasuuuialelting

SYNTHESIS AND APPLICATION OF GOLD NANOPARTICLES
TO SEMI - QUANTITATIVE ANALYSIS OF URINARY GLUCOSE
BY NAKED - EYE

uNaNnAg  ugaily
L]
unagigy  2dwiates
= TR ¢
UWENIFUTE NIWYSUNIY

Tassofasilidudoumilvsansiinmanamingasineaaastodio
dvnalignamnssy
andynadl anzdnenaans
anumaluladinssasunanaaummsaiansze
Unsfinen 2557



o .4 -7 = s
nsdunsIziwarUsvgnaldaynianesunly wensiaianglad
v i J o
arenaludaantzuuunadeUiunu

SYNTHESIS AND APPLICATION OF GOLD NANOPARTICLES
TO SEMI - QUANTITATIVE ANALYSIS OF URINARY GLUCOSE
BY NAKED - EYE

UNAIUNAFHAN wgaliu
UNAEATYEYD WHENYT
UNEHFUNE ningsunsy

TﬂsqmuﬁLﬁvﬁtﬁuﬁfawﬁwaqmsﬁnmmwé’ngﬂﬁﬂmmamﬁ’msﬁm
d19NANAFINNTTY
MATvIAll AnEINIAERS
anrvumaluladnszaamndndnqunmisaianseds
Unsfnwn 2557



SYNTHESIS AND APPLICATION OF GOLD NANOPARTICLES
TO SEMI - QUANTITATIVE ANALYSIS OF URINARY GLUCOSE
BY NAKED - EYE

MISS KEDSUDA BASUNGNOEN
MISS SUKANYA WONGSATHIEN
MISS SUMALEE SUPTHANAPHONG

A SPECIAL PROJECT SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF BACHELOR OF SCIENCE
IN INDUSTRIAL CHEMISTRY
DEPARTMENT OF CHEMISTRY
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2014



at

Watalaseanuiiviy msdansiiuazusegndldoynmemaanlu onsiaianglaa
shunlaludaanivuuuiadaliuim

Synthesis and application of gold nanoparticles to

semi — quantitative analysis of urinary glucose by

naked - eye

FatindAnen wEnAgAn  Luaaiiy sWatnAnw 54050137
wEmanyyy  wdates sWaunAnen 54050299
weEnang  windsumy  svatinfAnw 54050316

Yy Wemansinde (algnavnssu)

AT vl

9197587UTnwn ns.aigad Badu

anInermans anrumalulagwszsanindndrnumvisaianssUs oulllk
InsasnufimwildudiuniavesnsAinvimiundngns nerdmansdadia awrivuad
geamnTsy Ussddnisfing 2557

-
AMENISUNITEADUY aneilale
A5, L@NAE 551159
VoS
YsEsIUNTTUNIS
n5. ON3F LAYAS /ﬂﬁ% /ﬂ@&i,
NSIUAIT =
3. gl (B 4,1 ¥
\ cad et O
NIIUNTHALDINITONUITN W

Auandvesrniinemans
anUumaluladnszaounandiamummsainnssds



af

a o € v d o
Wdalaseauiivy nsdunTIziLazUssgnildoynianesunlu ensiaianglaa
munattulaanzwuuiadeliunm

YounAnw WNEUNAEAT  Lugaily sainfinwn 54050137
wananyyy  adatios svatnAne 54050299
uNangnd  vindsumayd  sWadnAnwn 54050316

Ynyeun Wrmansiudin (algeanvnisw)

1A \dl

¢ = @ a = 3
2131587U5nw A.0lgadl (Betu
unAnge

3
< ]

NuIvEll dawensdunszviounanesssduunlu(AuNPs) Tagldi8ineasiivuay
msUszgndldifiolinseiviinunglaa lasordemaia o7 - 30aaunlnsTrlaums nns
duangoymeanassyduunlwhneldssuuUafiguugsl 97 ssaneaidsa Tnons3me
asazagvesyasarawlasludondingm arsararsazldsudandiviesseulu dud
WA ﬁﬂﬁmsaxmaLﬁuauﬁaqmwgﬁﬁmr‘iauﬁﬂﬂ'l'ﬁ Anwnaandinwasietnias g3 - 3
A daawninsimlniiines w'u:i'19'»1"1m’mmm%‘u@qEjmfuaamgnwmnmssé’wﬂuﬁmmsﬂﬂmﬂﬁu
16 M) 8871 518 wiluims

nMslnssiUiinmunglaa endenisnsaninAnisganduneas (Absorbance) flanasdi
uemndu 518 uluamsluvasiiortumnspandusasiidintuiinmenedy 650 u
Tuns lesninnissaudaiy (aggregation) w@IBYNIANBITEAUUIY I dvRIENSaYanY
wasuluandunadudin wansdnumuiinaie 67 - 330aaUnlnsTnlawmiausa
Ansiviinninglaalalugaa 0 - 300 adluaredns Tneflnududunssinoseuduls
(y = 0.0016x + 0.3232, R* = 0.9834) fnrmmufiege (Erndoavuanmsgiuduingivinty
Sovaz 3.08) lduszyndlé3Biienusungladlumethetasizvasenanatnsdaduny
Uni Miimsiunglaeasiulneendenisnsrainfenidan udaisuiivunadinssitunadi
IsidlelHinios UV-Visible Spectrophotometer IngldufATeuAeafulunsaTIain wui
ap33slinadins it liunnssiuegneiitddey mnransfnuston Jananlddisnig
vavianglaalulaanslnemsdanadenvand fusyansam

ArdnAny : sumAveanly, nglad, Yaaaz, mswiliunm, msleseidenian



Title Synthesis and application of old nanoparticles to semi -
quantitative analysis of urinary glucose by naked - eye

Students Miss Kedsuda ~ Basungnoen Student ID 54050137
Miss Sukanya  Wongsathien Student ID 54050299
Miss Sumalee  Supthanaphong Student ID 54050316
Degree Bachelor of Science (Industrial Chemistry)
Department Chemistry
Academic Year 2014
Advisor Dr. Nathawut Choengchan
ABSTRACT

This work presents a synthesis of gold nanoparticles (AuNPs) using Turkevich
method and its application to glucose determination by UV - Visible
spectrophotometry. The gold nanoparticles were prepared under open air at 97C by
the reduction of gold solution using trisodium citrate. The color of solution has
changed from light-yellow to red. The AuNPs were optically characterized by UV -

Visible Spectrophotometer. The maximum absorption wavelength (A,,..) was located
at 518 nm.

Detection principle for determination of glucose is based on measuring the
absorbance of gold nanoparticles with glucose. Due to aggregation of the
nanoparticles, the absorbance at 518 nm was decreased and a new absorption peak
at 650 nm was developed. The color of solution has changed from red to purple.
Satisfied linearity (y = 0.0014x + 03232, R = 0.9834) was achieved in the
concentration range of standard glucose ranging from 0 to 300 mM. Good precision
was observed (RSD = 3.08 %). This method was applied to spiked urine samples of
normal volunteers. The results were compared to the ones obtained by UV-Vis
spectrophotometer with the same detection reaction. The results agreed very well.
This indicated that the naked-eye method was effective to measure of glucose in

urine.

Keywords : Gold nanoparticles, Glucose, Urine, Determination, Naked-eye detection
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2.1 Yeyaiganuinaanglae [1-4]

211 ﬁﬂﬂﬂaﬂgiﬂa (Glucose)

a

inanglaa Wuanslulawmsadszinmiinialuanaifes (monosaccharide) idndgy

o
a

ngauaznuiniigalusssuyd Yaduimadalea Iiuiannsdunsizduavosite dn
v 5 o = o H aa g . =i
walil dmanglaafimuaglugy D-glucose Faduiaifd (reducing sugar) nglaaiide
S8AMan15A1IY Iandlnsa (dextrose) TumnsnsummdiFonthanaluden (blood sugar)
I s oo o i o Yo a -3 LA | { [l
nglaaduumaandsnuiiddgmwsnzsenieannsnadie lulslsviud wingdmTugUaealyl
aansamuamaladslinglaamadion ludeassiingleauszana 8 % uazagnunglaaly
Uaanzdosun (<2%) Swunglaaluilaanizunniweninyanatueradulsaumals

2.1.2 Iassdsnuazauianisnisnmvasiinanglag

¥

guﬁ vk Iﬂiaa%'wwaqﬂwmaﬂqiﬂa (Glucose) [1]

Fomaad : 6- (hydroxymethyl) oxane-2,3,4,5-tetrol %38 (2R,3R,4S,5R,6R)-6-
(IUPAQ) (hydroxymethyl) tetrahydro-2H-pyran-2,3,4,5-tetraol

%QS‘L& ; Dextrose

GUEIGEELERN 5 GHia0s

wialuana : 180.156 g/ mol

AVIIVUIMIY : 154 g/ mL

YANADULIA? : O-D-glucose : 146 °C

B-D-glucose : 150 °C
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2.2 aunANaLTEAULILU [5]
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2.2.2 duURVDIDIALUUNDY [6]
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2.3 wase wanduau tslunuud (surface plasmon resonance) [5-6]
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muwﬂﬂmaﬂuaaﬂlﬂ ﬂﬂLiﬁJﬂUi’lﬂgﬂﬁmuﬂ localized surface plasmon resonance,
LSPR LLﬁQ%mﬂﬂiUMUV}WUN’J‘HBQ’Jﬁﬂ whounssenuianaauuuiia msganiu wagnns
ﬂi“’LiN Imauaamﬂmmnau ﬁ]"‘lﬂ’ﬂ‘lx‘lm@m‘iﬁuﬂ’iEJIUNﬁﬂ“UEN’Jﬁ@u']IU mna’imnmmwmau
off mmmmmﬂﬁvaﬂﬁﬁ,ﬁuﬂ'ﬁmﬂwaauvmmamﬂmaulm Puefiuasiinn1snsud d9

wilaueIndu Wty uasiiannszny agansaun llssynaldlunssuiunisasna
nwangle

Metal nanosphere

Electron Cloud

Electron Cloud

U7 2.3 nsifieweiing waauey wlawuud lnskansnisduvesngudidnasouly
wouwilen Weduawwnateusndessiiu [5]

TU‘V] 2.3 LLHKNﬂiuUUUﬂW'ﬁﬁu‘UaQWﬁﬁﬁﬂJ@u LLE‘iﬂ\‘lI‘I/TL‘Viuﬂ’l'iﬂiuﬁlﬂ‘ﬂ@ﬂﬂauﬂiﬁ

&
Bldnmsau (conduction electron charge cloud) auwmanummaaamdmuLtmmaﬂau
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wimdnlwdh Fedundudidnaseudassazgninilenitliiinnsduies Tasrrwivesnisdu
Fuagiu Arumuuduuessidnnsey (electron density) wnadininsdidnaseu (effective
electron mass) wuIA UNTBINNINSEABURIUSEY (charge distribution) dwiunisdu
29488NATPUVDIDYAIATWINAN 138731 Lelna wataueu tslauuud  (dipole plasmon
resonance) 49zunAng1991n wanauey tondluaty (Plasmon  excitation) veslavzuuy
fiau (bulk metal)
anUAmanasvesaunAuluadlavzausnasuglaseann1sUTELNNg

Iwvadie (electrostatics approximation) WAAIRIANNNT 2.1 - 2.6

P = 4meya® ———E, 2.1
& el 2g 0 (2l
Ei= &
o ="4ma® ——= (2.2)
e+ 2¢,
Tned P fio Inlwaluwusnilend (induced dipole moment)
- P 0 Va Huw z i
« B namienihlmiedala (polarizability)
a o Smilvaseunin
e o lodianvisnflsiduveslany
g, Ao Iaddnv3nilendurasfanais
E, f® aunudimdnivihannnieuen

nsiindunsisemeasiueyaaulunsnavvaslansaziliuasfinnnseny
{Anmsgaydends (extinction) Tuudazmuiliviniy Fstutu suia gUsn viavoslans
wazwiavesianans wdndnduanifememilisuunviavesoumauluvedans ns
gydondsilinduldosninuasinnnssnuiueyniansenanveslaneiinisnsziie
(scattering) UazgAndu (absorption) IngounianumannsUssanunislniiadin awisa
\WBu extinction efficiency saun1s 2.3 - 2.5

Qext = Qabs + Qsca (2.3)
= 4x] ( i ) 2.4
Qexe = 4xIm e+ 2¢, (2.4)
8 & — EO 2
e 2oy
QSCCI 3 X £ + 280 (2‘5)

2ma (g4) /2
A

=

Qexe  AB  &uUseAnBnisaqdy (extinction efficiency)
Qsca  PD  duUsEANEN1IRANEY (absorption efficiency)

Tae X

LS|
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Qus AB  duUseAnSnisganau (absorption efficiency)

Tungufjvesd (Mie’s theory) leauedrautimuasvosoyniaunluinainduns
Merweanguusyedidnnseuiitnounafusduusimdnivih dwmivoyneiidnuiaumdn
scattering efficiency adlAniaenii extinction efficiency 8109 91691 Qgea << Qexe

faiy aunns 2.3 avangUiiannis 2.6

Qext = Qabs (2.6)
3o \Weuliegluzu extinction cross-section uag absorption cross-section 161
Cext = Caps (2.7)
h QA /a2

NFUNTT 2.3 - 2.7 audfiniaaseyniauiluvadlans \Wunadwsansuns
Mevesnquuszadidnaseuiiiioymatunduudivdnlni Gsslusdfuriavesiany uay
Husndfiannyi (characteristic peak) wpdusiars s sastuagfurunm JUI9v050UNA
unluvaslangimdniu dufuaudinuasitueyfurinveslany Lanefaguil 2.4 Tng
AUl extinction efficiency 3euaAn13AANEY (absorption peak) vzduiusiunis
upaudvesayntawluredlans Wy syn1AuIlunesd [Ju LasNaae asUNgAuns
WMDY Lazle) mINaRy

—e— Au, d=10 nm

w——AG, d=10 nmM
—o=Cu, d=10 nm

Extinction efficiency (a.u.)

T T T siitnins g

L} 1 L ) ‘
300 400 500 600 700 800 900
Wavelength (nm)

-ﬂl o o € 1 A o . . v
E‘U‘Vl 2.4 AMUFUWUDTEMIN AMULNMAAULEAINU extinction efficiency ‘Ua\‘iaumﬁuﬂu
2 = ﬁJ 1/ 1 €
BN [U Uagyeawa AvaEurugugnans 10 wluwns [6]
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2.4 mawdguiivesauniaulunasdn luie SPR [7]

nasAuunau (bulk material) fdwdes Luawﬂnwaauummmauuaa%muuwaa
'Lumwmaﬁuaqmmaﬂﬂawmmmwmmulm Luawa\ammmmaﬂmaa’luivmuuﬂumm
gunsaus 5 uilumnstuly ﬂummuanwmvauummmaumuﬂwmmm‘m uiiilefiuunash
nd1 5 wiluwns sxiidnvazautavuaniinesd Tdud dveseynaunluvemesasd
Anannmate 1wy uaa 1 Fe viediana dldldsngiluinesviloutunesdwily 34
Lmﬂmaummmﬂm'ﬁmﬂgnaawmmaﬂmiaulmmwm conduction lusyniauilulaneiu
amulWﬁmmmmmemﬂnium‘u mwﬂ,w,nmﬂmmiﬂaammmaﬂmiau'lu conduction
band ifiadu Fsmsunsndeniisendn localized surface plasmon resonance (LSPR) Fuin
meleauansuveaifila wazuadlnasedimilodaa emLuaaummuﬂumaqmmmmLanaa
mmm“lumaaumaqaLaﬂmaummﬂ Amaliiandsanuln muuaumﬂwaqmiummaaulﬂ
anduuasdideniiniueniadudu (mnuedulssion 520 wilung) ) vinlieynanes
sEAuUluTALA UL t?haums»maaivﬁuuﬂuﬁwmQ‘szﬁuﬁawﬁﬂﬁwaaLﬂﬁaulﬂLﬂuﬁﬁu
1) LuaamﬂmmmlumsawaaaLaﬂmauamm daralvindsnuanas synianesunluis
mmﬂauummmmanﬂauawu m’lwauﬂaau‘tﬂmuaaumumamwwmama Imami
Wauaadsngg uawuuaemmﬂm TR ARG LAYAIINEaIARY 109BLENRTOUBATEIAN
waaaumﬂuﬂwawaam L wmm'i.mﬂmamwmiuaymmmmmwLLmlmmwmmam
A& 800-1200 urluiums (Hudu muﬂaqLLawaqaumﬂuﬂuwaammmﬂﬁqLLa LUUIN
Lmnmﬂﬂuuamlmﬂw 25 uag 2.6

o | o daw ' | 4 4 |
EU‘V] 2.5 ﬂ']iu.]a\jLLﬁﬁﬂﬂﬁﬂHﬂqﬂuqiuwaﬂﬂqWﬂJ ﬂ‘iﬂm:ﬂgﬂi?ﬂmqﬂﬂ ATUATIUENIATUVILLG A
fiu [7]
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Increasing Particle Size

= o LY =~ 1
JUN 2.6 uansdvaseymiAvesssAULluNTUIAAIe (MW a JuImeynIa 5 uilules,
AW b 1waeyn1A 10 wiluans, 7w ¢ BunounIA 20 wiluwns, MW d AuneynA
50 wlms WazAm e wmeyn1A 100 ululuns) [8]

1NTeRne] veseumIAwIluvesd AautAnnenimuazmaaiiuansigly
nviesAwhly Ly f8nsaussnaiuiiioneyinesgs glunsissufasenad dalvidn
lof waefidiaeumuvunaveseunta sy vilvanunsauszgnalyysglavulanainvane
Tnewannzenteds hanussgnalamenueiiiias ey dedinsgvimansnnag fiaula s
Baunaey BWITUAYNITUNTY

2.5 ann1snsIa

2.5.1 Ta59a519984 3-aminophenylboronic acid (APBA)

\fle 3-aminophenylboronic acid avangedlui Tasaziinlassasnsld 2 wuu
anunsasunduld Asgud 2.7

HeonH
NH, 0 NH,
! OH
B',"OH _— BO
OH g;_?H
+H*

i v : 2197951 ¥
gﬂﬁ 2.7 Tassadves 3-aminophenylbpronic acid #iazangun
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2.5.2 msfinwinsnsivianglaanvitey 9

Tumsiinuinisnsiatangleaiiiion 9 Tag APBA flagluzurasioulessuazei
Ugﬂ‘i&ﬂﬂum‘iaumaﬂaiﬂaﬂau mﬂi"dm 2.8 %“Lﬁﬂ?!’lﬁ']‘iﬁuﬁﬂﬂﬂﬁIﬂﬂﬁ]”L‘U’]‘LUV]’]U{]ﬂﬁﬂ’mU
APBA #ivig] boronic Falelasladamosth mﬂuummlﬂmﬂgn‘smmanuaﬁavawaumﬂ
nassEAuwIlY IcﬂEianiayawaumﬂwaauﬂwumL‘uﬂUmemLamu (-NH5") vo4
3-aminophenylbpronic acid Lua@mﬂﬂiuﬂqaumnﬂﬂuumwg boronic  Fwiluluiinnis
swdiuveseymeanesssiuuily dvesansasareialudune faguil 2.8

OH

NH,
OH _
i | @/“ﬁ(m
B,, —_— B\"__U OH Ny
) oH m

H20

2 OH
@ O (o]
| e OH
\ < O = AuNPs

OH

sUft 2.8 nalnan1siinUfAsenuos APBA nuaTaEa1eNgLag WazaynAnassiuunly

'U

oy 9
2.5.3 miﬁnmmiﬂmﬁﬂnghaﬁﬁmif 6

Tunsfnunisnsiatanglaaifie 6 szl APBA inAseniuansanengles
DU 9219AU31 APBA wa&ﬂ.uamawma 2IuLaﬂm“wwgﬂimnumiauawﬂaima 1 luiana
alaloslagasonuniduh 2 Tuiana nduilotluiiasededuansas a18auNIANDY
seAuuly asazatgaynIAnasunlugy Lmlmmvwmauu (-NH5") 2 dumiddlu 1 Tuana
m’Lmﬂmm'ﬁmmnu dussansazasoymanessyivinluladeudandunaiudiag fagu
il 2.9
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NH,* . ﬁ, NHs - HO |
2 e fj o =

gﬂﬁ 2.9 nalnanaiinufjizenues APBA fuansavarenglead uwazeyniavesszdiuuly
iy 6

lagf pka waq 3-aminophenylboronic acid (APBA) JANYIAU 8.86 1N
Tnssasralusuil 2.10 auiudi APBA uumﬂsmaulﬂmwu boronic wasnyaziilu Favy

axiludunedinn pKa snndmy boronic vilidle APBA mujiefuansazatenalag 39
ww’iwnai%t.mﬂﬂmﬂgﬂimwu boronic lad1en7

HO\ /OH

NH.,

gﬂﬁ 2.10 1A3598379U99 3-aminophenylboronic acid (APBA)
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awv o d v
2.6 “TUYVIENYIVDY

Y-Po L wazanig [9] lawmnniSnisedidedmiummnvinnanglaamemaia
nsinauidud Taserfonisiindunsisenssuinnglraiveynianesseduuiluiifnmny
flafdusne 3 — aminophenylboronic acid (APBA) lugnmzfiuandnaia laud 7 pH 6.0
wag 9.0 wuiiemmddusaeRiesedld Wity 64 umolL uar 48 pmol/L mudnsiu
Figniiluuszgndlidmiunissatangladluietiahaededlfilunadiie Snvad
fe Tdde 510190 warlisesldiouledlunisnsiain

G. Palazzo wasaniz [10] ladessvinidiinungleasaameianisinmiudud

lngmsdsmsizieynanesseauuly 2nnsldnglaaidy reducing agent Tuaniazfl

v o
VDA

wane19nu Teln pink assay wag blue assay lag pink assay {unsi@u tetrachloroauric
acid, cetyltrimethylammonium bromide (CTAB) uaznglaa IvinUgisenfiulu carbonate
buffer (pH 10) figeugfl 70 asmwwardua 1unan 90 it Idmsaratadudoum uéaa
awWnaiunisanauues wu:immuanﬂﬁuﬁ@mﬂﬁuumqaqm (Amae) A8 530 wlwiuas an
ﬂmm%’u%’uﬁwqmﬁ‘iﬂswﬁlﬁ WU 10 pmol/L Bnaniewils fe blue assay 14
tetrachloroauric acid wagnalaa azatelu phosphate buffer (pH 7) mﬂ‘lfu‘lﬁﬁﬂﬁﬁ%mﬁu
olucose oxidase (GOD) figaimadl 37 samaaidoa Wuiaan 90 wiit Wansavanedudch
Ru uwarinsiUnasunsganduuas WuInALEIRAUNGANALLAIEIER (i) A8 585 U
Tuins Aarmdudusanifinsieils windu 5 pmol/L

KR Lim wazassy [11] ldnsniamuinunglaamemadanisineanudud Tng
PIRBNITINATUNTATEITEWIN mannose - stabilized gold nanoparticles U Con A ¥l
\Am Aggresation T T,mami’m’;’mﬁhm'i@mﬁut,l,mﬁmmaﬂﬂﬁu 620 unluwms oy
nglaa wuin Ansgandunasazanasuemdtduresnglaadifisty danududunss
aglua9 500 - 4000 pg/mL  ArmLuTUAERT AR Wiy 363 pg/mL "“J%“ﬁgn
ihlussandlddmiumsmmaianglaaluiedisdsuvomundlfiunadige

Y. Ma uagamg [12] lamsaiavdsunanglaa laeld 3 — aminophenylboronic
acid (3 - APBA) 1Uu reductive agent lumsduasieounmanasseauuily uasiinduns
A3y polyvinyl alcohol (PVA) ntuifinglaa wudiAnsganauuasavanamuaang
dutuvesnglnafiiiuiu

X. Chen uagani [13] iWauniSnmsedsdedmsumsmuiinangleadeomeaila
n13inANutud laeld bienzyme  wasmsiaiauu Microfluidic paper-based analysis
devices (UPAD)  AflinTuainnisviiufAserdunglea asaatald 2 33 Teun Gel
Documentation system wuinAransidudumaniiiiseidls wifu 3.81 x 107 molL
Snswils e 1ndeadneguily wuhmeududushaniiinsedls wihiu 2.13 x 10
mol/L %o?%ﬁgﬂﬁwlﬂﬂixqﬂm“lﬁz?ﬁ'm%umw*swi‘mﬂQIﬂa’Luéhaem%%"u‘uaawwﬂﬁuﬂu

W
adaa

waduda SnvadSeuiisunamsiessiiuiSvedsmenuia wuin3sdinagn Tdaude
warldalumsiesinnEing
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HJ.  Chun wasamy [14] ldWaunisnmisedishewdmsunismuiununglaanay
wada Paper - based optical biosensor UszAwglaeldis wax printing ladin1svesans
naaay loun glucose oxidase (GOx), horseradish peroxidase (HRP) uag chromogenic
compound awuu detection zone levuFAseriunglaaasldnanSuridudtiinty
fwgumendednsiwidetie wdnhlumuiunanglaalaeldlusunsy Image J software”

N.J. Lang uazmne [13] ldAsevimuiunnnglaaainnisiiiea glucose oxidation
Tngldeymeanesszivurlulumsesnslad glucose ¥iliAn hydrogen peroxide 210t
mudud Taenisidin nanoceria agldndntumifudndeniody  lunisAnvmanniyd
WnzaNTeINTIATIEE wudavmnganlunismnaes Ao 30 uifl gamndfnsasily
NsNAaB Ae 25 - 50 ssAalled uay pH Avanzanlunisveass Ao 8 widsdlsimany
dwmdumsnnaianglaalaenss insizeunavassedvuluannsneandled alactose 1o
LUy



= aw o v
A177190 2.1 m'ﬁ’ma‘gﬂmumwm}’;‘uaa

- d159bA12N il g/ wuluinfnuy , e m AR LT U . -
WAURA & 5 o YRAMUUULAUNTS : L@N&192149949
LLasnIDe1y aqmﬂwaas:ﬂuuﬂu (!‘l’lﬂﬂ
. R g - — pH 6.0: 0.1 - 9.8 mmol/L 64 uM/L
ARLADILUNG nalag 3-aminophylboronic acid (APBA) [9]
v pH 9.0 : 0 - 6.5 mmol/L a8 puM/L
e . Uma way . 5 Pink assay : 10 mol/L
AALADILUNT 4 wulwinalaasandina (GOD) - [10]
n@‘[ﬂaiulmaamm e Blue assay : 5 mol/L
e nalaaluddy .
AALADSLUNS v g Concanavalin A (Con A) 500 - 4000 pg/ml 363 pg/ml [11]
Uy
gi-dalaaalnsiv ~
e = nalaa Polyvinyl alcohol (PVA) 1 UM - 10 mM - [12]
Tawum3 v
AALEBSINS nglae nanoceria : - [15]

19




3.1 ansnduazaunaal

3.1.1 @15wadl

20

=
una 3
ASatiun15398

Foansied] ol Aawuiqn (%) rieuszUszinadudn
LONSEARDLSO3N LaTn HAUCL, 99.9 Sigma,USA
(Tetrachloroauric (I1l) acid)

lafeudngm lalawse NasCeHsO72H, O 99 Sigma,USA
(Sodiumcitrate-dihydrate)

3-xiiluntalulsin wedn C¢HgBNO, 98 Acros,USA
(3-aminophenylboronic acid,APBA)

nalaa CeHi,0 99.50 Sigma,USA
(Glucose)

ludenlansonlyn NaOH 98 Sigma,USA
(Sodiumhydroxide)

3.1.2 gUnsaluaziATaensI9n

2 P v bn A

. IAUIUIRS

Unwnes

Tulastum

vIngUvsn wisud1Un
lulastiuaiil
Faufnans
WYNUAIAUETT
naDANRLA
Wylausiwan

W 100 UadEns
n - 25 Jadans
YuIm 10 Hanans
YUIn 25 UadanT
WA 50 Haddns
IR 100 Haddns
PWIN 250  NadEms

e 100 lulasAeg
w1000 lulasdms
YUIM 5 Naaans
U 250  dadans
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10. utuevgiiiouviosd

11. wesluiines

12. 13pe8sa15-Suimadzu Aux 220,Japan

13. Lﬂ%’laaﬂum’&m Vertex — Genie2,USA

14. \wSaanuktmanlni wiauseuvauiwanivih-Heidolph
15. 1309%n pH - Metrohm® 827 pH Lab Meter,USA

16. \e3edlvinuton - IKA°— MAGHS 7,Malaysia

17. 1384 UV - Visible spectrophotometer - Jasco V630,USA

3.2 NNSASBNEITAYANE

& v Y & v s = o v
asazatevianualduinauusiainlossuiildanniaies Zeneer up 900 (Eve
- ® =l =l L) o [ a
Human comporation ) Tun1sieseu wazasiedinanluinsadmivaniiessimanil
(Analytical reagent grade, AR)

3.2.1 N9NIBUEI5ALATY 0.01 % w/v Tetrachloroauric acid
1. 9 Tetrachloroauric acid feip3asaedey 4 fuvis
97U7U 0.0116 N3u
2. azanemetndulsimanlesay wasU3utunsauls 100 fadans
TuraninuSunns 100 Haddns

3.2.2 N1TMIBUAITAZAY 1 % wt Trisodium citrate
1. %1 Trisodium citrate feirSostmeiion 4 @uns $909Y 0.2849 Ny
2. azanestinduusiranlesey wasuiuliunsauld 25 Sadaasluwan
USRS 25 Hadans

3.2.3 N1SIBUEISazaNY APBA anududu 1000 lulasluasodng
1. 41 APBA fneipSasdmedion 4 duwia $1uau 0.0038 ndu
2. azanedindulsiranlossu uarUfuUmasould 25 fadansluvan
MMUTUINT 25 dadans

3.2.4 NM3M3BNEISAZANY APBA anududu 30 lulasluadedns
1. Uim APBA A sltudu 1000 lulasluadedns w1 0.75 fadans
2. Yfutsinnssethnduusimannlessuauld 25 faaansluvininusuns
IUTNIAT 25 Hadans



22

3.2.5 N19LA3BUAI5azane Sodium hydroxide anududy 1 luasedns

1. 93 Sodium hydroxide 11 2 N5
2. unazanumgiinauusanleesy wardsulsuinsauls 50 fadans

Turadnu3unms 50 fadang

3.2.6 NSM3BUAITAZAY Sodium hydroxide AMududy 100 fadluadodns
1. T Sodium hydroxide Aundy 1 luasedns 4 2.5 Tadans
2. UsuUSnmsseinauusiaanlessyuauld 25 Sadansluviniauiuins
25 laaans

3.2.7 MINIBUEITATAIININTFIU Glucose 500 Tindluadadng
1. Famnsunsgmu Glucose fauinTesdamailon 4 frums
91171 4.5040 N3y
2. axaesetnduunanlessy warUuSnnsauld 50 faddnsluvan

IU5ums 50 Hadans

a o [V VI A 9o v
3.2.8 NM9IATENAITAZANBUINGTFIU Glucose NAMTUTUFINY tNalHa514
N3NNI

wansleifan1s1en 3.1 Ineynanaududul suliliuiinasaavinewiiy
10.00 #addns saeunaulsImnlessy

A19799 3.1 MINUARINTATEUATTAZAIBNIAEIY Glucose NAITNTURAN9Y

Usnmsmsasaeunsgungles | munduduvesasavanennsgiunglaad
sty 500 mM el foaNTsLesEN (M)

(mU)

3.0 150

4.0 200

5.0 250

6.0 300
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3.2.9 N9ATENATTATAIENINTFIU Glucose 100 fiadluadading
1. Yinansara18u1nsgu Glucose MMLTNTU 500 mM Usinms
10.0 fIaddns lalurainU3uns 50 Naddns
2. UsuUSimsieihnduuseannlessy suld 50 faddns

3.2.10 N15IATBNEITALABUINTTIU Glucose  NAnududusingy tieldaine
NITHUINTFIU

v =~ v o v oa o "W
uanslafanisned 3.2 Wennanudududiulilausinsaaiewiiu 10.00
fiaddns medinauusmanlessy

A15199 3.2 MINUEAINTIATENANTEEA18UIMSE Y Glucose fimauidiudumngg

= v a
USELI’lﬁliﬂﬁﬁﬁﬁ’lﬂﬂﬂ@ij’lUﬂQIﬂﬂ mwm‘umumaqmiaxmammg'luﬂgiﬂaw
v v oA W a

ALY 100 mM ieastiun MBINITATEN (MM)

(ml)

1.0 Ji

25 o)

5.0 50

7.5 T

3.2.11 ANSLASEUESATANEA20E 1 NBANWIAT D A= VRINITIASIZHALNEU
3.2.11.1A79819.AT09ANNADLS

1. Yndegramdeshundeusuiiad 1 MTo91e 100 Wi
11 0.25 Hadans

2. \fuasavangansgunglaaa Uty 500 fadluadedng
U 2.5 Hadans

3. UsuUsinassnendulsirannlesauauld 25 Saddasluwinsa
Y3ums 25 dadans

4. ¥msveaesssaudde 1 fede 3 WasuAosmmndousduvie
7 2 way 3 AudU
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3.2.11.2 Avad1eldanig

1. Ynshegretlaansiions 250 wih 11 0.25 Sadans

2. huansazangunnsgIunglaaauiudy 500 dadluasodns
U 7.5 Hadans

3. USuUsinassethnduusiaainleseuauld 25 fadansluwinda
U3ums 25 Jadang '

4. vhnsnaaesesauida 1 Fede 3 Wiy Sample 1 \Ju 2 way 3
AUARY

3.2.12 NSLASUUA2E19LATOIAUNA DS
3.2.12.1 N5L999719A20814ASDIRANINEaNS 100 Wi
W ' o a & ) | &, a ¥ 1 a oa
fatAIDILINGausIarLaLUseanty 3 wlla laun wfiedl 1, 2 uay 3
fediuaIssnundeusnnudaazgnnsowitu Nylon  membrane  wum  0.22
lulasiums (Acela Technologies, USA) udniiusun 0.25 fiaddns Usuusuinsae
unauusranlessuauls 25 fadansluriainusunes 25 adans
3.2.13 N1SRSEURRE VRN

3.2.13.1 n1siuAl9819Udga17

Tanetaanieyrawsnialunau wdrthaivuzsestaaizedinans Ussun
U 3 YN YULUIHY

3.2.13.2 N15199919770819Ud812¢ 250 Wi

satellaanizuseandu 3 degre loun Sample 1,2 way 3 Fregn
ﬂaanaﬁmm%gnniadmu Nylon membrane wwin 0.22 lulAsiuns (Agela
Technologies, USA) waiUwaun 0.1 faddns USulSuinsdeuinduusiaann
lovouauls 25 faddnslurininusuns 25 Jaddns

3.2.13.3 msfiusheaiegnedaanay

manuinwladasiiu 2 Flusuannnisiviaegns winldauisansiale
viuit ArsAugnvgll 4 oeealdes
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3.3 5AIUNITNAADY

3.3.1 mMsdanseioyniavasuiy

1. Whansazae 0.01 % w/v Tetrachloroauric acid 100 fiaddns ldvangy
wyua 250 daddng

2. WimnwfeusuienussTunuiigamgd 95 ssrwaliea

3. WU 1 % wt Trisodium citrate 3.2 fiadans

4. Wiaufeuuarluniude1s il vesansavarwasilasuanivissoy
Wuladums

5. fislifuauisonmaiivos

6. TnaLnmSunisganduudresoyniavessesiuulumBAIes UV-Visible
spectrometer AI939ANETIAAY 400-800 WIlULLAS

7. 49 pH vesounAnessEiULIluseIA3es pH meter

3.3.2 Anwnanswavasiduusenee Ninadan1ingiain Glucose lasldaunia
vasunluiidavgvlandu 1 pH 9.0

= o o o
3=5.24, ﬂﬂ“ei’]‘iﬁu"lﬁl'i'ﬂ"l'ifla‘ia'wagﬂﬁﬂﬂaﬁiSﬂUUWI‘lJmmJ"ISﬂsm pH 9.0

-l ar A = )
1. 1938UaNTaLATERUNIANBITEAUUTIUTIUS NSNS
ANSIN 3.3 AT UARINSNSEAENTaYATLRUAANDITERULITLUNUSINASAT

U3u1ms AuNPs Solution USu1ms Stock U%mmqmﬁw ansazaneiily
(ml) APBA Solution (ul) (ml) Usudsums
1.0 300 10.0
2.0 300 10.0 ﬂ’lﬂﬁuﬂi’lﬂﬁnﬂ

loaau

4.0 3200 10.0
6.0 300 10.0
8.0 300 10.0

2. Wwehansfeiaied Vortex 5 unil

3. 913 30 w1l

4. thansaraefldluTnanaunsganduuasieinios UV-
Visible spectrometer fitasaamugnanay 400-800 wluwns
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3.3.2.2 Anwaruiduduves APBA fianzaui pH 9.0

1

. R3ENANSAZAY APBA Tianuidndusigg

A1590 3.4 MTIUARINSHTEAISaTATY APBA fimnuddusingg

RHRIH ALY APBA YSunmsaaving asazane il
Stock Solution (ul) gaving (UM) (ml) Usudsunms
10 1 10.0
50 5 10.0 dnduusenn
100 10 10.0 looau
200 20 10.0
300 30 10.0

b A W N

- WPudIsazatgayNAnesTEAUNIlLINIY 8 adans

. WEasdaeLeSes Vortex 5 undl

413 30 wndi

. Toanaunisqanduuasdngiaios UV-Visible spectrometer 71
FAUENIAFY 400-800 WTuLLAS

. USU pH 10u 9.0 28 Sodium hydroxide Aadudiy 100 Sad-

luadioans

0 Glucose AULTY 500 Ladluanedns 91u2Y

500 lulpsdns
. WEIEISMBASDY Vortex 5 Wil

9. InaNASNNIAANTULAIMIEIATEY UV-Visible spectrometer 9

1 d‘ T
L41AMULIAAY 400-800 WlULIAS

3.3.2.3 AnwnafunisvinufAzenil pH 9.0

(n) @sazageynianeasszAuuivzY pH 1u 9.0 wazinilersdu

1

2
5

APBA uaniluvhufifisenfvansasanenglea

. WuansarageyAnassERuiudwag 8 fadans, dindu

Usanloosusuiu 1.7 Tadans way APBA multudy
1000 lulpsluadednsdiwau 300 lulasdns adlulumasnvaans
AU
WAL 8 Vortex 5 il
L 9l4 30 i
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4. U¥u pH 18u 9.0 ¢y Sodium hydroxide Aidadu
100 fadluanedng

5. SnaUnafumspanduuasdner3es UV-Visible spectrometer
flva9A21018MIAEY 400-800 uluLms

6. AU Glucose MMUITNTY 500 Jadluaradns 91U
500 lulasans

7. Wwehansieinas Vortex 5 Wil

8. JnaiUnmunisgandunasielaies UV-Visible Spectrometer
firemueAdY 400-800 Ululns

(v) asazargeuNANBIsEAUUIlLRAATINTY APBA Usu pH 1Tu
9.0 uanhluvhufiserivarsazaranglea

1. Usu pH ansazargeyniaviesseiuunluu 9.0 fe Sodium
Hydroxide Aty 100 fadluanadng

2. PuansazangaumManessEAUIUAUSU pH udasuau
8 {adans, dndulsimannloosusiuiu 1.7 Sa3das was
Glucose ANuwLTY 10 Jadluanedns Sauu 500 lulasans
atlulunaennaaasmuaiu

3, WENA1IIELASas Vortex 5 Ui

a. #5130 il

5. nanasunisganAuLAsEIATEY UV-Visible
Spectrometer fitsAMUE1IAAY 400-800 UluLLAS

6. 1A APBA anulNvu 1000 lulpsluasednssiuiu
300 lulpsdnsg

7. WEMasAeLASes Vortex 5 uiil

8. i‘mamﬂm%'uﬂﬁ@mné’w,t.aaﬁamﬂ?m UV-Visible Spectrometer
fiva9p1m812ARY 400-800 U luiLng

9, ¥msvnaessaudde 1 fte 8 WasuALTLdY
Glucose 1 50, 100 uag 500 Hadluanodnsmuaisu
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o d o aaa )
(A) ansazangeyNIANBIsEAULIlUNYIURASEA U APBA pH 9.0
wazansazangngleaa

. U5U pH APBA 1Tu 9.0 a8 Sodium hydroxide AuLTY
100 dadluasodns

2. 1iu Glucose AMudNdY 1 Tadluasedns 31uiu
500 lulasdns waz APBA Aadutu 1000 lulasluasiedns
9110u 300 lulasdns adluluvasavnasinugisuy

3. WEANsAEASes Vortex 1 Wil

4. \Puansazangeymanessziuulusiua 8 faddns uash
ndwusenlessusmay 1.7 fadansauddu

5. WEANSEIEIA3Y Vortex 5 Wil

6. al3 30 i

7. dnannn3umsganaunasieiaias UV-Visible Spectrometer
fiY29p 1A 400-800 UluLIAS

8. vhnsvaaassauside 1 fede 7 WasuA LTy

Glucose 1u 10, 100 Lag 500 fadluasdednsniuansu

—

3.3.3 Anwndviwavesiulsrneg Allnadan1snsiadn Glucose Tngldaynia

vasulunAavgvleidu  pH 6.0

3.3.3.1 Anwiaruiduduas APBA fiunzauii pH 6.0

1. 3ELAITaYAT APBA Immidadiusing

4 = cll 15 2 1
A1399 3.5 AT NUEAINITIATENAITAEE1Y APBA NAULTNYURINE

Usums ANULTUTY Usuas Usums Usung
Stock APBA gavy | @nsaratueunIn thndudsennlesoy anving
Solution (ul) (LM) vessydvuly (ml) | AldUSusies (ml) (ml)
100 10 8.0 1.9 10.0
200 20 8.0 1.8 10.0
300 30 8.0 157 10.0
400 40 8.0 1.6 10.0

2. \iu Glucose Aududu 1 Jadluadedns 31uru 500 lulpsans

3, WEIAIELASET Vortex 1 Ui

4. \duasagageunAnedsEAvwIly 31U 8 Haddns Tarsant
Usrmanlessu $9u7u 1.9 Jadansaudiny
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5. [EEANIMELA3as Vortex 5 1]

6. 7913 30 Wi

7. dnanasunsganduuasdne.eias UV-Visible spectrometer
9 uETIAAL 400-800 WiluLLRS

8. vnsveaesddaAde 1 fede 7 WasumLLty Glucose
WJu 50, 100 uay 300 dadluadedasaudisu uay Usunsuay
vnduusmnlessy Wusium 1.8, 1.7 uay 1.6 Jadans
AUAIAY

3.3.3.2 Anundfumsinufisendi pH 6.0

() asavangaynIAnessEiuuluiusy pH Ly 6.0 uasfaiaridy
APBA udthluviufiisenfivansazanunglea uae

(v) ssavaseynAnesEiuulunfniladdy APBA USu pH 1Ty

6.0 uanhluvhuiiseivansazaunglag

asulumsufisernes (n) uaz (1) wileudu Taelsléd

MsUTU pH YeeansavalgaunIAnedsyiuuily uazasazane
aymAnessziuunluiiinileidy APBA aua iy iilasan pH
TosEsasaEauMAvBITERUEIludAIUsEINN 6.0 alevinng
s msAnwaiunIsiuiiiend pH 6.0 saeadhiinns
Wienfiu Ineifisdudunisvnaes freluil

L fuasaragaunAnesseauuluduIy 8 addns, dndy
UsAnlessusuiu 1.7 §adans way APBA Aududy
1000 lulpsTuasednsdiuay 300 lulasdns asluluvasaveans
HIUAIRU

2. WENASHELeS Y Vortex 5 Wil

3. 1l 30 uni

4. Jnavinn3unsganduuasieiies UV-Visible spectrometer
9 TAdY 400-800 ululuns

5. 13 Glucose ALY 1 adluasodns S1uIu
500 lulasdms

6. WENANTAIELASBY Vortex 5 Wil

7. fnanaiunsganduuasneiaias UV-Visible
Spectrometer 1933A711819AAY 400-800 ululLms

8. vhnmaaestsauside 1 fele 7 WALy Glucose
\Wu 50, 100 way 300 fadluadodnsaudisu
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(1) ansazasoynIANeITERuUIluUASe1u APBA pH 6.0
uaransazanenglad

1. Wiy Glucose AMududu 1 Dadluadedns s1uau 500 lulasdns
WAy APBA m31uudu 1000 lulasluanedns d1uau
300 lulasans asluluvaennmassmuannu

2. WwihansfeLesas Vortex 1 Wil

3. [inansaraNuauNIAVBITEAUINIY 31U 8 Hadtng uaztndy
Usimannlessu 911U 1.7 Hadansniuannu

4. wehansieLa3es Vortex 5 w1l

5. fal¥ 30 und

6. Inanp3unsgANAULAIELATEY UV-Visible spectrometer
FnemnueInY 400-800 UITULIAS

7. ¥nsnnaesiaauside 1 fete 6 Wasuamududy
Glucose wu 50, 100 way 300 Aadluanednsnuasu

3.3.4 msanwianududuase (Linearity)

1. \fiu Glucose AMuudy 1 fadluasedng 31U 500 LilAsans
wag APBA puidudu 1000 lulpsluaredns s1uau 300 lulasdas
avlUluvasaneassmuday

2. WEasRaEATDs Vortex 1 uadl

3. IfnasavaTsayNIANeITEAUNIIY 31 8 fadans wagnduUsman
looou 91uru 1.7 adansmudisu

4. [WEnanseIBLASea Vortex 5 Wil

5. #1915 30 W

6. Inannniumagandunassaeinies UV-Visible spectrometer 7
9 ueMIAAY 600-800 W TR

7. ¥nsvnasssnsaudde 1 fede 6 WasuAudLdy Glucose (T 25,
50, 75, 100, 150, 200, 250 Way 300 fadluanadniniuainy
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3.3.5 N1SANWIAISD8aZURINNSIATIZRAUNSU

TunmsmAnSegasveInsiAsedundy szfiansanlaevinsiinsen
fhathaedasnuindousuasaanie Mfuasaraennsgrunglaaiinnududugarie 50
uay 150 fadluasiodns mudiy adlu snduduamenududuvesiregreiinsiiu
ANSATABANATEIU WATAUIIMANSREATYRINTIATIUAUNGY (% recovery) mugnsisil

spiked sample — sample
P s P « 100

% recovery = standard

e spiked sample e Aududuvasansieefiinsiinansazasunsgiu
sample A9 ATUDNTUDIE TR
14 1 % A -
standard A AN YUY DIESATANELIA T I ANASLU

3.3.6 N13ANEIAULNEY

Tunsmennuifiswedds sginsananddosazvesd i dsuunesgy
duiis (Relative standard deviation, % RSD) lagvinnsiiasizsiansasansannsgrunglea
fennudiudu  fadluadedas drudusuau 4 ad ntumedaudssiuunasgudising
mmqmiﬁqﬁ

SD
%RSD = — x 100
X

|
=5

dle SD Ae AwdeuuuuInsgIu

X  Ae  Auede
3.3.7 N15ANEITAINNAVBINITATIVINAWA YA

1 =¥ o s o/ L4 1 =1 = d
Tudmildunsmiadriareinsesiaiamenlan Wumsdnuuund
mfigavesnglaaingninld lnverdeteyaainnisasninsmauinsgiu

as ] al = = '
3.3.8 ﬂ"liﬂ']ﬂ%ﬂ'lmﬂQIﬂﬁlum’JBEI'NLFI'iENﬂNLﬂaELL‘S

1. Wusheghandesmundowsvind 1 Mo 100 Wi
w7 500 Tulasdns uaz APBA manududy 1000 lulaslua-
Aoans 911U 300 lulasans asluluvasanaassmudisiu

2. WEIEIEELA3es Vortex 1 Wil

3. ifuansazaneyMAvassTAUwIlY 91uu 8 Taddns uazthnau
Urranlessu U 1.7 Nadansmuaisiu
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4. Wwehansmelaies Vortex 5 wi

5. #1330 Wi

6. Inanniunsganduuaseiaias UV-Visible spectrometer 7i
$294AUE1IARY 400-800 WITULIAT

7. fhmsmaaesdnsudde 1 due 6 WasuATesRnZouduin
7l 2 uaz 3 mudey

3.3.9 mimuTnunglagludieenslaanas

1. usethalaaniefidears 250 wh s1uau 500 lulasans uay
APBA aLuvw 1000 lulasluadedng $1uru 300 lulnsang
atluluvaannmaasmugdisiu

2. Wwehansdeases Vortex 1wl

3. Fuansavanueymenasssiuuly $1unu 8 faddng uazdndy
UsAannleeau $1uau 1.7 faddasniudisu

4. WEaEseneLe3as Vortex 5 undi

5. sl 30 Wi

6. i’mamﬂm%’ums@mnﬁwmaﬁwLﬂ‘%"aq UV-Visible spectrometer
fig19A1081IPAY 400-800 Ul

7. ¥nsmaaeseadauside 1 fude 6 Wasy Sample 1104 2 uag 3
AUAIAU
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uni 4
Nan153v8tazanusiena

4.1 Anwranaiuvesaynianasunluniianyanidu (APBA)
IivhnsAnmannsuveseunanasuiluifavsfilaiduse APBA wuiilduans

vnaes faguil 4.1

1.4 - (n) (%)

519 nm

1.2

0.8 -

——AUNPs 2.2 nM
06 - % .

Absorbance

0.4 -

0 T T T T T T T — 1

400 450 500 550 600 650 700 750 800

Wavelength (nm)

JUT 4.1 (n) awneiunseanaulaIveeynIANesEiuL lulazaYN1AVBIsEAY
wlunaafeAtu APBA (30 pM)
(2) sUmewanseunIAvosUlunfaud e dusag APBA (30 M)

Mﬂ‘gﬂﬁ 4.1 wm'ﬂmmm’mﬁluq@qmiumi@mnﬁuu.aa (Amax) V040UNIANDITEAY
uily deusiemiamyilidu uasinisianyileidy Sevintu fewiiu 519 wiluwns Tne
Ansaandunasuaseyninsssuuluidamyiled dusidndsunasluidndes Seamnse
nanladn msfavieidulidwasenginssunsganduuasvaseyniavasuily
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4.2 AnwndnSwaveinwlia1ee Alnasnen1sasiasianalag 7 pH 9.0
6l P

4.2.1 @nUTunsivusaYesaITazaIBaynIAnesszAuLnTudl pH 9.0

lﬁﬁﬂmﬁﬁﬂmﬂ?mmwaamsavmaaumﬂmawﬁwﬂuﬁmmwame’fm%’umi
neaes lagnsiainanasunisgandunas LLaumnmﬂaauuﬂaaamaamsava1&1 LSJEJI‘ZJE)‘LJﬂ']ﬂ
vosseruuluiiviuns 1, 2, 4, 6 uas 8 fadans ImﬂLﬂuaumﬂmaauﬂwmmﬁan‘ﬁuma
APBA (30 lulasluasiedng) leinan1svaassuansissudl 4.2 (n) wag (V)

1.4 - (ﬂ) (W) e 12 |

o
9
=
«
=
s

& =——8mL AuNPs+APBA

= w—GmML AUNPs+APBA

4mL AuNPs+APBA

s 2mL AUNPs+APBA

== 1mL AUNPs+APBA

400 450 500 550 600 650 700 750 800

Wavelength (nm)

UM 4.2 (n) awnmdunisganduuasvaseyniavosseiuunlupudiudy 2.2 uily
luadedns AUSuRT 1, 2, 4, 6 was 8 Jadans NanNaidy APBA (30 lulasluasie
ams) waz (v) guarearsazany eldeynianesszauunluiuiuinssieg

mﬂguﬁ 4.2 wiAnwinssawsiaiuveseynianesseiuuluil pH 9.0 %anﬂﬂ%mmi
Y84ayNIANUIlUABUAANITTINAITU WAWUTn Lﬁa‘L%’U%mmi‘uaaaﬁavawaumﬂwm
s.,m‘umiu 8 1adans ansazansasuiudag LLaummmmmmuuaamu‘lwmummamm
gMIAAY 600 - 800 wiluiwns WewGnasiien muuwaanl%ﬂ'smmu‘l.uﬂﬁmﬂgﬂsmﬂu
nglad
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4.2.2 Anwanududuvas APBA fimunzay # pH 9.0

livinsfnwidvswavesmuidiuduves APBA i pH 9.0 wulldkanisvaansdiagy
i 4.3 () uag (v)

1IN3UA 4.3 (1) wuin AnsganduuasteseuntavasseduuluiiRailediu APBA
wiudunuaududures APBA uaza1ngy 4.3 (v) asiuiiansazaneddduiu Weay
\iuduves APBA sty LLamﬁaﬁng‘jﬁ‘%mﬁuawasmang&ammL?’J’u%’u 500 mM W31
Wnan1smaaessiesuil 4.4 Tnvansavansaumanesssivunluifniladdu APBA Arandud
30 lulasluadedns Srnisgandunasgedian deiuiadenld APsA mnudisdugavihed un

Telun1s@nwn
(n)
1.2
1 -
308
=
2 = AuNPs+APBA(final con.= 30 uM)
é' DL + Glucose 500 uM
= AUNPs+APBA(final con.= 20 pM)
+ Glucose 500 uM
0.4 = AUNPs+APBA(final con.= 10 uM)
+ Glucose 500 uM
0.2 - ===AuNPs+APBA(final con.= 5 uM) +
Glucose 500 uM
AUNPs+APBA(final con.= 1 uM) +
0

‘ X =)= i Tl Glucose 500 uM
400 450 500 550 600 650 700 750 800

Wavelength (nm)

sUTl 4.4 (n) awnasunaganduuavesaynianessivulufifaieitu APBA Ay
Wudugavine 1,510,220 uag 30 lulasluasedns vasiuisenduaisazaney
wnsgrunglaanududu 500 fadluasiedns uay (v) sUeasazarnasunlud
Anflaifusie APBA fiarnududusieg
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4.2.3 Anendrdunaiinufisen @ pH 9.0

4.2.3.1 #15832180UNANBITTAUUILAUTU pH u 9.0 uas Aadeidu
APBA uahlinujizeniuansazatenglag

(V)

0.8 -

0.6 -

. = AUNPs(pH9)+APBA+Glucose 500 mM

Absorbance

0.2

0 T T T 1 T 1
400 450 500 550 600 650 700 750 800

T T il

Wavelength (nm)

Uil 4.5 (0) nsmiuamsanniun1sgandunasmasayaavassesunnluiiuiu  pH
\Ju 9.0 way Aatleidu APBA mnududuaniing 30 lulasluanednsndaihujisen
AuansasatsuInsgunglaaaududy 500 fadluadedns  wae (1)  3udie
asazatenaewiluiuiy pH by 9.0 ndninjzefuarsazareninsgiunglaa
ANt 500 Hadluasedns

NN 4.5 (n) nudhanesunisganduues waz (v) dvesaisazaluasioyna
vesszauulufiuiu pH Ou 9.0 Lifinsiuasuudas uanedn pH veseymeavesseiuuly
dwaransiiterivansazaneunasgiunglaa aanuislidenannsiunldlunismeaes
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4.2.3.2 anazataunianasszavunlunfndlendu APBA Usu pH u
9.0 wanhluvihuiizeniuansazanenglea

129 m (¥)

e Glucose 0 mM

Absorbance

s GlUcOSE 500 MM

0.4 W

0.2 -

= Glucose 10 MM

Glucose 50 mM

weGlucose 100 mM

0 Ul T T T T T T T 71
400 450 500 550 600 650 700 750 800

Wavelength (nm)

U 4.6 (n) nuansanastNsgAnAuLasTesayAvassEsuuTuRRRlaidy
APBA eridududaving 30 lulasluadednsud iAo fuasazanssnasgu
nglagniy 0,10,50,100 uaz 500 fadluadedns (1) sUtwansazarenaun
lundeinisendvansavansuinsgrunglaanundudusieg

i}’lﬂ'iﬂﬁ 4.6 (n) WUl mmiﬂﬂnauuawaqaumﬂwm'ﬁymum‘[ummﬁaﬂ‘uu APBA
finue1indy 650 urluwas dananas Luammwmumaqﬂaiﬂammu memwwna‘[ﬂa
AULLNYY 500 Nadluasedns :JmmimmnauumwlmﬂuiﬂmnLLqun’Lummu datfunis
USu pH essansaranevesulufidattaidusie APBA newhluvinlgisentunglea 3991
Lilediunsiiiteiuunzas
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o o o jaaa W
4.2.3.3 d@1sazatgeunianasszauuluinirluvinufjisendu APBA pH
9.0 uaz d@sazargnglad

1.6 -

1.4 4

1.2 - Glucose 1 mM
g 1 - Glucose 500 mM
&
2 _ Glucose 100 mM
= 0.8
)
2 e G|ucose 10 mM
< 0.6 -

e AUNPS
0.4 -
0.2
0 T T T T T T T 1

400 450 500 550 600 650 700 750 800

Wavelength (nm)

d @t =) s lﬁl o aaa e
UM 4.7 nsluansalnaiunisgandunaseseunanasssavwlunyiuiizentu
APBA pH 9.0 Uz @15avaneuInsgIunglaaAututy 1,10,100 way 500 dadlua
fodns

PMsAnwdaduNERSeR pH 9.0 wuih awnesunisgandulaseseyne
vesssiuwluiiUAzenfumsararsunsgiunglaaiaududusieg Tafuuliuduld
UATEensds TnsAnsgandunasiinaiuenadu 650 uiluing Awdetanaenua
\utuvesnglaadiiistu Faanaidefidrsdedu amnsavinsfinwld 2 aane fe pH
9.0 Uy pH 6.0 FafudslsvinsAnuddumainuiisend pH 6.0 Tnevinsidunglaadi
mndiudy 1, 10, 50 waz 300 fadluaredasaudiu uasuviiRze U APBA foudl
i wnaNfueynAnassEAuLluUTINAsTmNs Ay



Absorbance ( 650/520 nm )
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4.2.4 Anwaududuras APBA fwmunzay @l pH 6.0

1.2 4

0.2 -

y=0.0011x+ 0.4973 & APBA final con. 10 uM
R?=0.62

y=0.0013x+ 0.661 4 APBA final con. 30 uM
R*=0.5637

y = 0.0009x + 0.6894 MAPBA final con. 20 uM
R?=0.3974

y =-0.0002x + 0.7938 X APBA final con. 40 uM
R*=0.0691

T T T T

100 150 200 250

concentration of glucose (mM)

-

300

350

JUT 4.8 N3 MEAsFINLARIALANTLS ST NANMSRANGULAY AuaNULdLTUYes
nglma iAudiutugavinguas APBA Wiiu10, 20, 30 uax 40 Lulpsluanadng

PNANIANWIANUITNYUVES APBA 91 pH 6.0 taniautiuduaas APBA 7ilusnzay
o aaa () ¥ o = v W 2 |
lunisviujisendunglea lavihnnsfinwanududugayineves APBA 91 10, 20, 30 uag 40
I a = ] v oW v < v w
lulasluasedns FannsImnudl autudugavneyes APBA iannuidudu 10 lulaslua

sodns imnududunssidfian Jeliaenld APBA arududu 10 lulasluasednsiu

nsEnwdaly
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4.2.5 Anwisdunisiiaujizen 7 pH 6.0

4.2.5.1 d@1sazargaunianesseauunlunfnandy APBA waauinluvin
Ujjisennuansazatenglaag

1.1 -
1
0.9
0.8
g 07
=
% 0.6 = Glucose 300 mM
e 05 - —Glucose 100 mM
é 0.4 - e GlUcose 1 mM
0.3 Glucose 50 mM
0.2 - = Glucose 0 mM
0.14;
0 4 ; T

400 450 500 550 600 650 700 750 800

Wavelength (nm)

JUN 4.9 namluassaUneunsgandulameteynavesszRuunluiiRnfleidy
APBA ATiudugaving 10 lulasluadednsvduiufdsendvarsazanssnasg
ngladnuduty 0,10,50,100 waz 500 dadluadedns

0.9. 1
0.8 -
0.7
06 2
0.5 : y = 0.0012x + 0.4807
04 - R?=0.4136

0.3 -
02 ¢
0.1 -

0 T —/

0 50 100 150 200 250 300 350

Absorbance ( 650/520 nm )

concentration of glucose (mM )

‘:‘ dl U U a
JUN 4.10 5119 S5IUNNABATENINAINITAANAULEN (AITNB1IARY 650/520
ULULUAS) Aumutnturesasavatennsgiunglaansesiuamidiudu o, 1, 50,
100 wag 300 fadluanading
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1N3UT 4.9 wuhanasunsgandunaseseynianasseduutlufivhy ety
asazangunmsgIunglaaiiaududusineg 7 pH 6 Suulduanuduiussenindinng
anndunasuazaududy TnsAmsaanduuasiinuenndu 650 uluwns Sanfutusn
anududuvesnglea wiliibud v uay dethAmsgenduuasnainsnsminnsgiu fagd
fl .10 axldmduuszavimsdnaula (R) wirtu 0.4136 Faduiish wansindidunisyi

g
=1

Uffsenilonadslivangay dadusdvhnmmeassisduialy

4.2.5.2 ssagargauniavasszauunlumiluvitugiseniu APBA pH 6.0
wazd1sazaenglag

Ly m AN b &
il
0.9

0.8
0.7 -

‘ = Glucose 300 mM
0.6 1
= Glucose 100 mM

05 G |UCOSE 50 MM

Absorbance

0.4 -

Glucose 1 mM
03 - e GlucoOse 0 MM

B:2¢

0.1

0 T T T T T T T 1
400 450 500 550 600 650 700 750 800

Wavelength (nm)

U# 4.1 (n) nsMuansalUnaun1sganduLaunsaynAnessrduuTudivi
Uf)A5811TUAPBA pH 6 Uaz @1savanguInigiunglaamduduty 0, 1, 50, 100 waz
300 dadluadedns way (v) JUdvansazatevnesulunasiujiseduaisazaiy
WIRTFIUNGLAFAIIITNTUF)
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1N3UR 4.11 () nuhanafunsganduuastateymanesssduu Ty fizen
fuansazanesnmsgiunglaaiinnududusieg @ pH 6 Suuliuanuduiusseninesnnis
ganduuasuasamdudu lnssmsgandunasiiaruenandy 650 uiluwms fAfiutuni
rududuvasnglaaiiiiniu uavansadiunswdouwasdvesasazansly

y =0.0011x + 0.4973

R*=0.62
04 f
03

0 i T T 1] T T T 1
0 50 W RS> WO \J/28tsem00Y 350

Absorbance ( 650/520 nm )

concentration of glucose (mM)

‘:I dl 1 U d
JUN 4.12 N9 mliAsgIuinaenssnINaINISgaNAuLEs (ANaENIRAY 650/520
wiluiums) Aummnduduresansazaneunsgunglaafisedunaududiu o, 1, 50,
100 wag 300 fiadluadadns

1NgU 412 asmlisasgiuresasavateinsgunglaaiviin1snsatadinis
RANGULAIELATDY UV-Visible spectrometer liaunisidunss y = 0.0011x + 0.4973 wag
Adulszavsnisdindula (R2) HenwiAu 0.62
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4.3 AnwiAuanBuLYeIIs I TIENUTINUNgLAGREIATaY UV-Visible

Spectrophotometer

4.3.1 Anwarududunse (Linearity)

0.9 +
0.8 -
0.7 4
0.6
0.5
0.4 -

Absorbance

0.3 -
0.244
Qry-

= Gluecose 300 MM
= Gluecose 250 MM
Gluecose 200 mM
= Gluecose 150 MM

= Gluecose 100 mM

Gluecose 75 mM
Gluecose 50 mM

Gluecose 25 mM

= Gluecose 1 mM

Gluecose 0 mM

0 T

T T T T 1

400 450 500 550 600 650 700 750 80

Wavelength (nm)

JUM 4.13 nsmuansaUnasunTsgAnduasateuMAavassEauLnlumihU s e
U APBA pH 6 Wag a1sasanguInsgIunglaanuduty 0-500 dadluasodng

0.9 -
0.8 -
0.7 A
0.6 -
0.5 -
0.4 +
0.3

0.2 -

Absorbance ( 650/520 nm )

0.1 A

y =0.0014x + 0.3232
R?*=0.9834

0

T T T T

50 100 150 200 250 300 350

T 1

concentration of glucose (mM )

= LY 1 d 1 =
g'l_h/'l 4.14 ﬂi'TWLLE‘[W{1'ﬂ?']&la&lwuﬁi%‘iﬁ’n\‘iﬂ”{ﬂ'li@ﬂﬂﬁuLLﬁQ‘U@Qﬂ'ﬁﬁ%ﬁ']EJ@J'mig'lu

= v w1 o Y = ..
ﬂ@IﬂﬁWﬁ’J’lllL“Ull’UumN‘]Wﬁli’l‘\]i}ﬂﬂ’lﬁkﬂ'ﬁ@x‘i UV-Visible spectrometer
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A ﬂl o s L]
1NFUT 4.14 ﬂiwwmmsgnwaqaﬁazmammgwuﬂQ‘Eﬂammmim’mmmm'ﬁ
AANBUUAIABLATEY UV-Visible spectrometer leiaunsidumsa y = 0.0014x + 0.3232 was
e a £ v a a1 | w = o w o
AduUsEanansenaula (R2) fAviiAu 0.9834 Faduatfiweausuls

4.3.2 Anw1A1398a2Y09IN1TIATISHALNAU

Tunsmersseazvasmsiinseirundu Tnevihmsiinseisetiededundous
wazlaamy Minansavansunsgunglaaiimudiuduandine 50 way 150 Tadluasedns
muasuasiy mm‘fuﬁwmzuwmwuvﬁ’u%wuaaéhashaﬁﬁnmﬁumiaxawmmiw wag A
YovazvasmsiAnwiAundy Fauandunsnsd 4.1 uay 4.2

15197 4.1 uansdnfesazvesmsiunaulsl (%Recovery) Tumswidsunanglaalusiatis
\AIBsAING BT faewp3ee UV-Visible Spectrophotometer

AY AL

Metns | Wuduves | Widuves | anududuiingrany A7

\ASesd ﬂqiﬂaﬁ asazany (mM) \TUUY

\nFaus wulu WA @@ | %Recovery
faethe | ngleail | &4, L AD (MM)
(mM) WAL (mM)

1 120.30 50 130.12 151.36 140.74 30.49

126.10 50 189.15 172.41 180.78 81.58
138.87 50 157.65 167.03 162.34 35.01

=1' a 2 L 2 = (Y d' el o )
PRI 4.1 ziulainAsesazAundunnandisnsiuaaliluniaswan A 8¢
1 0.'} = aaia r:J [-7] .:3 f (3 a 1 =
Tusing 30 - 80 % vude Wiarginiauduignsuniuinesusznaunislusiadng 39
f9l911353 AT ANI AL LU
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A1517 4.2 uansASegazueInsAunduls (%Recovery) lumsmusununglaaludaedng
Uaane mewnies UV-Visible Spectrophotometer

A A7
megne | Wuduwes | Wudwes | mnudududinsaanu AL
Yaaz | nglaail | a1sasane (mM) BTG
wuly UINTFIU @Ay | %Recovery
fhatne | nglaal et | wdla (MM)
(mM) LAY (mM)
1 N.D.* 150 N.D.* N.D.* N.D.* -
2 N.D.* 150 N.D.* N.D.* N[ -
3 N.D.* 150 N.D.* N N.D.* =

wes *N.D. A llaiuisansiadiala

o | I v a W i ¥ 2 o o

PNANTNN 4.2 aswmﬂummiﬂmﬂmm“d'mﬂmngiﬂaiumam:ﬂaanﬂm avile
1 v =1 a’ 1 L2 | at ) =) f& - [ 3
mAsetazAunauldle Wesannludegwiaanizenailumsndfisuniunisiasies

4.3.3 AnwiA1uLe

TumsmAI e swesis %ﬁﬁmmmﬂﬁh%’aaavmawhmﬁmLuummmué’uﬁwé
IWEIVJ’]ﬂ’l?’JLFﬁ%Ma"Iia awmmawuma’lﬂa Feanundudy 150 uaaluamaam grquusiua
4 %y mnuummmumeummmuauwm wmwmsaaavmaammuwL‘uummﬁm
duivsilanwingu 3.08 Fetlaunintesay 5 fatiy maalmnﬁuummmam

mnmlmﬂmanwmymuwanmm%wmﬂammLLa'Jmmu awnsnasunanisdnwla
mmﬁ']m 4.3

A9 4.3 agunudnvassuresdtileeilunisiesiviinunglaasoedes UV-
Visible Spectrophotometer

AENEIAL Al
Franududunse @adluadedng) 0 - 300

AUNLEUNT y = 0.0014x + 0.3232
Fusvavdnisinaula (R 0.9834
IPYAZUINISAUNGY (%Recovery) 30 - 80

ANALTE (%RSD) n = 4 3.08

Indriacanlunsnsiaindisnar (adluadedns) 1
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4.3.4 AnUnI1NAve9N15ATIATIRA8nUdN

A1 LOD  Anwlagnisireynianesszavuiluyvinljiseduaisazsatsuinsgiu
nglaafienududu 1 - 300 fadluadedns vinmsvaassdt 2 A ielfiluasavarsee
wnsguliisudlunisusediumuiinunglaa Taeeinguil 415 azwuindudanis
Wasuwasdvesasazanensudnududy 1 fadluadedns dufuisivanntuditad e
dasesnisasanindhenilan fio 1 Tadluasednsueinglag

\ Glucose 5 ! 2000 §250 f§300

» : mME #mM mM |
concentration

35U 4.15 pUdwansazane WeldeymanasszAuunluinuiiseniu APBA pH 6
A 2 o 1
wag asazaneuInsgIunglaaneuNtuangg

4.4 NAFaUAMNYNABIYRINTUITIEIuTEAUANITduYaIngladaen1Uan
P Y @ Y ¥ da ¢y o 20 9
WigunuTEAuUAMNTUNIRTIZYnI8L1ATaY UV-Visible
Spectrophotometer

.. Glucose
concentration

JUN 4.16 JUdeasasarevesulunaviufisenduansazaiuiiograunIosmy
indeus way Jaanie Wsudiuansasanegaunsgiu

1N3UT 4.12 wansdvaseuniamesssiuunluUfAtenfuansazanedaosnaniosdu
infious uay Haans Ieuiudvesansararsymnasguildannsdunss wuindaess
iSeshandousaden 1, 2 uaz 3 fdegluraeeududu 100 - 150 fadluasiodns dau
shathallaane (Sample 1 - 3) fdegludrsmnuidudusiiniy 1 fadluadedns



ay

A15197 4.4 uansnaniseaaslumsmUsinunglealudiedrauaseshundous uas Jaanie
AaELATaY UV-Visible Spectrophotometer way senuan

L sEdUAIT AT e sEUALELT LAY
RS \A3D9 UV-Visible Spectrophotometer (mM) AaeaUan (mm)
Sport drink 1 120.30 100 - 125
Sport drink 2 126.10 100 - 125
Sport drink 3 138.87 100 - 125
Urine 1 N.D. * <1
Urine 2 N.D. * €1
Urine 3 N.D. * <1

* =l 1 7 i/
wUELKe *N.D. AD uLiJﬁ’?ﬂJ’T‘iﬂW'i']ﬁ]']ﬂvLW

PNE9NT 4.4 diuldisiuaudutuilaannsiesesddeaan W
fulA3as UV-Visible Spectrophotometer Sidlndifgssu fedsiwandudiwunltusioy
ihludssgnalidsaduamududuvesngladludesiu dmiuiniesiundeuns uaz M139579
adelsaumnulutlaangle
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undl 5
A3UNANINARDILAT UBLEUDLUE

5.1 da3Unan1ivnaog

5.1.1 lunuidedliieneiviinunglaaluliaan: Taverdugisonnssusves
aqmﬂmauﬂuﬁﬁwgﬁaﬁ*ﬁ'um”’m 3-aminophenylboronic acid (APBA) 'Luﬁm'wﬁﬁﬂqiﬂa
Fuilidvesansaramaiduiunndunssunaedudthidu wdnlufeudfummnasg e
Ussiflurnudiiuresnglaaseniar wuiildannsimnzay feluil

(1) Yinasansazaieaunianasssauuiluiily i 8 fiaddns
(2) Aundutu APBA gaving winiu 10 lulasluasedns
(3) ledwumsyinugisens pH 6.0

£

5.1.2 #anmsuseiiiunadnunzisuresds [Budsl

(1) Frsenubudunss wihiu 0 - 300 Jadluasednsvenglas
2) FulsvAvimsdnauls R) Wity 0.9834
3) SouavvRINISAUNGY (%Recovery) Wiy 30 - 80 %

)

)

4) Aandies (%RSD) whiu 3.08

(
(
(
(5) Fndrfarngaluniseseinfenuvan wirtu 1 dadluadedng

veanglad

5.1.3 Weaun3Fliudr Jahundssyndlelunisinsieivsunanglaalutlaany
wui annsathludssendldlunsiesisidmsunmsenaitadalsawmudesiuldag

HAUsEANS NN

5.1.4 NWRunulaiunsodnsieisegslaazean saat5 aunsadunalafieni

Wan wenanffslusasldieuleilunimsiaia

5.2 UaLauaIUL

LY o e =i < W o =3 < o
1. aymevasszauinluidanseiiy mnivinunlilundauasdu iwelosiu
uaaznsAsuLaeun)ll NensdwalviAmnisganiuuauudsuudasly
= a a o °o w a o oA 1 a «
2. asfnwiiudnlusesesmsminumindluiiegnnsuniusensias s
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AMANUIN N

n.1 AduLdiuanlndia

pAuLindnluia (Electromagnetic Radiation (EM radiation 38 EMR)) usduaiiani

=

5% XY P oS ad a . o : )
fliseddfnandlunisiedeudl wu aduing (Radio waves) adulalasian (Microwaves) UaqUud

W a

v d g w | a 1 4 A A I3 v o
nsldnauusianivinlunany q fu Wy nsindedeans Mefle nsvied ng wsand laufviuag

Y

o & L4 o A
numsuwwng ($diend) n1svirems (pdululasian) msmuauslun (Feddurssa)
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ﬂl dﬂl U e a 4 1 - b
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- ] @ = i =] . .
- pauwiwdn Wil Wneinnissuntumsuamdningda (Electromagnetic disturbance) la
o 5 = ' - P = i
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= o v oa 1 &, A v ' 8 = < & o v oa
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o é’ 1 14 dd' ] d'ci n;
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| ) o = a o o
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NTANUIN U

2. AnAnududuvos APBA Muunzauil pH 6.0

11 4
1 -
09 4
0.8 1 = Glucose 300 mM
2 0.7 —Glucose 100 mM
B086 - Glucose 50 mM
=05 - ——Glucose 1 mM
é 04 - e Glucose 0 mM
0.3
0.2 -
0.1 4
0 T — T T T w )

400 450 500 550 600 650 700 750 800
Wavelength (nm)
31]17'1' 2.1 n3luansaUnasunsaanAuLaweIe YN IAveTE R UL ATeN

fu APBA madutiugaving 10 lulasluasiedns uwas aisasarsuinsgiungled
ALUNTUAIN

0.9 7
0.8 -‘;
0% 4

0.6 -

y =0.0011x + 0.4973
R?=0.62

0.5 -
.
0:3 4

0.2

Absorbance ( 650/520 nm )

0.1

1

0 s T T T T T T 1

0 50 100 150 200 250 300 350

concentration of glucose (mM)

JUT 4.2 N MLAgIUfinGeRnsEniNAIN1IANALLEs (ANNENIARY 650/520 1
Tuluns) vesouniAnasseduuIlui APBA Anaduduaarine 10 lulasluadedng fu
AUt duresasaratunsgunglaanssiuadudusng
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1:3 3

i
D9 -
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0.3
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0 ‘ T T : ,
400 450 500 550 600 650 700 750 800

= Glucose 300 mM
— Glucose 50 mM
= Glucose 100 mM

Absorbance

= Glucose 1 mM
= Glucose 0 mM

T

Wavelength (nm)

{ ) 9) d o aaa
JUN 9.3 nsmluansaiUnasunsganaulasveseynIAnossERulufiviUfAgen
iy APBA mynududugeine 20 lulasluasiedns was a1savarsunnsgiungled
ALTUTUFI99)

Absorbance ( 650/520 nm )

06 y = 0.0009x + 0.6894
+ R?=0.3974
0.4 |
I
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\
O _J‘ T T T T T T —
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concentration of glucose (mM)
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luiuns) vaseynianasssAuuIlul APBA snuidiuduanving 20 lulasluadadng Ay
[V ) a4  w vow g

ALINTUTDIE SaTaENInsTIUNgLAATISEAUAMIdLTUs1 Y
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1 -

]
0.9
08 -
0.7
06
0.5
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03
0.2 -
0.1 ‘
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e (5lucose 300 mM
—G|ucose 50 mM
= Glucose 100 mM

Glucose 1 mM

Absorbance

= Glucose 0 MM

400 450 500 550 600 650 700 750 800
Wavelength (nm)

JUR 4.5 nyvluansalunasunisganduudsueseyniavesszauunluiivivUisen
AU APBA mnutindugeving 30 lulesluadedns waz da1savarupsgiunglag
AMLLTUT UL

y =0.0013x + 0.661
0.6 - R?=0.5637

Absorbance ( 650/520 nm )

0 - Y , . . . ‘ ‘
0 50 100 150 200 250 300 350

concentration of glucose (mM)

i < L R
JUT 2.6 NI MUIATFILTINGERATEVINNAINISAANAULES (A1NETIAAY 650/520 17
Tuwins) veseuniAnesszRuulun APBA aududuaating 30 lulesluadedns fu
2 v A @ 2/ 24 1
PIULTNAUY DA TAL AN INTFIUNG LAETISEAUAUTLTURA1Y
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1.1 -
1. 4
0.9 -

0.8 -
0.7 - —Glucose 1 mM

06 - = Glucose 50 mM
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02 -
0.1 -
R o e ———
400 450 500 550 600 650 700 750 800

= Glucose 100 MM
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Absorbance

Glucose 0 mM

Wavelength (nm)

JUI 0.7 nsmiuansaiUnasumsganduuasweseynanossesuualuiiviiufisen

qg

fiu APBA paududugavhy 40 lilasluasedng uay arsasansumsgiunglaa
AL TURAIE

0.4 J y =-0.0002x + 0.7938
R? = 0.0691

Absorbance ( 650/520 nm )
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0 50 100 150 200 250 300 350

concentration of glucose (mM)
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AMANUIN A

A. AnwiAmineuzasitlnTziuiinanglaadeiaias UV-Visible

Spectrophotometer

o I = < £
A1399 A.1 uansAnsaaniuuaslunisdinvianududunss

ATUTY ST 1 pfad 1 Aade SD % RSD

nglaa (mM)
0 0.3198 0.3123 0.3160 0.0053 1.68
1 0.3105 0.3382 0.3244 0.0196 6.04
25 0.3607 0.3609 0.3608 0.0001 0.02
50 0.3922 0.4419 0.4170 0.0352 8.44
15 0.4020 0.4613 0.4317 0.0419 9.71
100 0.4560 0.4749 0.4655 0.0134 2.87
150 0.5362 0.5278 0.5320 0.0060 112
200 0.5829 0.5661 0.5745 0.0119 2.07
250 0.7325 0.7144 0.7234 0.0128 L.77
300 0.7653 0.7363 0.7508 0.0205 2.73

M1519% A.2 wdnsrnisganauuadlunisiinwidfosasvasnsiinseiAunduasiiegis
P < & | a - [ YY)
\mIBeRLINGNITRT 1 uey spiked sample nglagAudnyuy 50 mM

waanT Abs.i | Abs2 | fuafie | Conc.glucose|  SD % RSD
Standard | 0.3922 | 0.4419 | 0.4170 67.03 0.0352 8.44
Sport drink 1 | 0.4943 | 0.4890 | 0.4916 119.14 0.0037 0.76
spiked 0.5054 | 0.5351 | 0.5202 140.57 0.0210 4.04

A15197 A3 uansrnsganduuaslumsiinewiAisesaraoimsiinseirunduvesiiet
a4 4 - o e . TR
\wsashuINABLIYlnY 2 way spiked sample nglaandududu 50 m

waonii Abs.l | Abs2 | Awafis |Conc. glucose|  SD % RSD
Standard | 0.3922 | 04419 | 0.4170 67.03 0.0352 8.44
Sport drink 2 | 0.5190 | 0.4805 | 0.4997 126.29 0.0272 5.44
spiked 0.5880 | 0.5646 | 0.5763 183.43 0.0166 2.88
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A15199 A4 uansrn1sgandunaslunisiinudtfesazessmsiinseirunduvaiiegng
- a 4 | A . o W
bAIDINULNADLLIVUAN 3 Wae spiked sample ﬂ@Iﬂﬁﬂ'ﬂNL‘UﬁJ‘Uu 50 mM

waondi Abs.l | Abs2 | Awafy | Conc. elucose |  SD % RSD
Standard | 0.3922 | 0.4419 | 0.4170 67.03 0.0352 8.44
Sport drink 3 | 0.5123 | 05229 | 0.5176 140.57 0.0075 1.44
spiked 0.5439 | 0.5570 | 0.5505 162.00 0.0093 1.69

< ' = v a ¢ o a I
A58 A5 uaasAINsaandulaslunisAnuiASesazueensinsiAunduvasiiagng
d . k4 2
Uaaniei 1 uax spiked sample ﬂgiﬂammwu‘uu 150 mM

viaend Abs.1 | Abs.2 | Awade | Conc. slucose SD % RSD
Standard 0.5362 | 0.5278 0.5320 149.12 0.0060 1.12
Urine 1 0.0958 | 0.0958 | 0.0958 -162.40 0.0000 0.00
spiked 0.1138 | 0.1104 | 0.1121 -150.77 0.0024 213

A15199 A.6 wansAnsganduuadlunisiinwiArfesazvasnsinseiAundutesiiagig
Uaansi 2 uaz spiked sample nalaaanududu 150 mM

vaoai Abs1 | Abs2 | dwuade | Conc. glucose SD % RSD
Standard 0.5362 | 0.5278 | 0.5320 149.12 0.0060 1.12
Urine 2 0.0928 | 0.0928 | 0.0928 -164.55 0.0000 0.00
spiked 0.1106 | 0.1077 | 0.1091 -152.90 0.0020 1.86

] 1 - o . v a e o @ 1
M15190 A.7 wdnsdtmsganauuatlunsfinwiAisatarvaansiessinunduresiiegg
‘J . ko 17
Uaane? 3 uay spiked sample nglaaAuitudy 150 mm

viaani Abs.l | Abs2 | Awafis | Conc. elucose SD % RSD
Standard 0.5362 | 0.5278 | 0.5320 149.12 0.0060 1.12
Urine 3 0.0969 | 0.0969 | 0.0969 -161.65 0.0000 0.00
spiked 0.1100 | 0.1093 0.1096 -152.54 0.0005 0.43
mﬁﬁﬁmzumﬁi’ll,afiimaﬁm‘iamﬂﬁuum
M X =
0.4943+0.4890
= = 0.4916

2




nsianANUduduvainglaalufogng
NAUNTTLEUATS y = 0.0014x + 0.3232
0.4916 = 0.0014x + 0.3232

0.4916—0.3232
- 0.0014

= 120.30

ATUIUMIAINITIATIEAAUNGU (%Recovery)

spiked sample — sample
% recovery = standard x 100

140.74—120.30
- 67.03

X 100 = 30.49

o ' oy = = o
M990 A.8 LAAIAINISAANFULAIIUINISANIAILNEY (Precision)

60

andudy | aSafl 1 a2 | adeil 3 |efeiia | dede sD % RSD
nglad (mM)
150 0.5362 | 0.5278 | 0.5048 | 0.5052 | 0.5185 0.0160 3.08
MSAMUIMMANLRASYBINTRANALLAS
. Y x
M X = =
n
0.5362+0.5278+0.5048+0.5052
= = 0.5185
4
mMsAuddsauuInTs Iy
SD =
(0.0177)2+(0.0093)2+(—0.0137)2+(—0.0133)2
= " =0.0160

(3

s isgazdulouunIngIuduing

% RSD =2 x 100
X
_ 0.0160

= % 100 = 3,08
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A simple, cheap and non-enzymatic colorimetric strategy for glucose detection has been designed based
on the interactions between a phenylboronic acid (PBA) derivative, which is coupled with gold
nanoparticles (AuNPs) as the colorimetric reporters, and glucose. The PBA-AuNPs hybrid system
proposed here exhibits ordered photochemistry behaviors upon the addition of glucose at different pH

values. There are two linear regions of glucose concentration for the glucose sensor at different pH
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Gold nanoparticles
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saliva.

values, Le., between 0.1 mmol/L and 9.8 mmol/L at pH 6 with the detection limit of 64 wmol/L and
between 0 and 6.5 mmol/L with the detection limit of 48 mol/L at pH 9, respectively. To test the
practicality of the sensor system, we also applied this assay to detect a glucose sample in the artificial

© 2013 He Huang. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.

1. Introduction

Glucose is considered not only a nutrient but also a biomarker
correlated with certain diseases, such as renal glycosuria, cystic
fibrosis, diabetes, human cancer, and so on. As an important
regulatory signal, glucose levels also have a great impact on the
hormone secretions. The current research of glucose relies mostly
on the epidemics of obesity and the increased incidence of
diabetes, which represent major threats for human health, At
present, the detection of glucose based on glucose oxidase is very
popular, but this method has several severe disadvantages,
specially the potential instability during use or sterilization
[1,2]. Thus, there is a strong demand for the development of an
efficient, cheap and stable glucose detecting strategies.

However, to achieve this goal, we must manipulate the
characteristics of the recognized molecular. It has been demon-
strated that a tetrahedral boronate ion can form stable complexes
with carbohydrates with either 1,2- or 1,3-diol groups. Thus,
phenylboronic acid derivatives can specifically recognize carbo-
hydrate and have already been widely employed as promising
components for glucose detection [3]. Herein, we used 3-
aminophenylboronic acid (APBA) as the affinity selection part,
since it is a cheap commercial compound that can stay stable for
relatively long period of time.

* Corresponding author.
E-mail address: biotech@njut.edu.cn (H. Huang).

In this study, we focused on the borate interactions with
glucose at different pH ranges reported by gold nanoparticles
(AuNPs). Colorimetric assays based on AuNPs have been widely
used in a variety of research fields owing to the simple technology
and flexible mechanical system. According to the rational surface/
interface design, AuNPs exhibit excellent recognition ability. The
high extinction coefficient of AuNPs transduces the binding events
into detectable optical signals that can be directly observed by
naked eyes [4]. Comparing with the fluorescent methods,
colorimetric assays need no tedious fabrication operation or any
complicated instruments [5].

2. Experimental

HAuCl;-3H,0, 3-aminophenylboronic acid (APBA), a-amylase,
and all metallic salts used in this study were obtained from Sigma
Chemical Company. The glucose was purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China). All other chemicals
were of analytical grade. All solutions used in this study were
prepared with ultrapure water (18.2 M{}/cm) from an ultrapure
water system (Sartorius, Germany). An artificial saliva matrix was
prepared according to the ISO/TR 10271 standard [6].

AuNPs were prepared by using the usual citrate reduction
method [7,8] with some modifications. Briefly, trisodium citrate
(3.2 mL 1 wt%) was rapidly added to a boiling solution of HAuCl,,
the color of the solution changed from colorless to wine red after
boiling for 10 min with stirring. The resulting AuNPs molar
concentration was calculated to be 2.2 nmol/L. APBA (20 L) was

1001-8417/S - see front matter © 2013 He Huang. Published by Elsevier B.V. on behalf of Chinese Chemical Society, All rights reserved.
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added to the AuNPs to produce a reaction mixture for the further
glucose determination. UV-vis spectroscopy analysis was per-
formed to determine the optimal detection conditions by a UV-vis
absorption spectrophotometer Lambda 25 (Perkin Elemer). UV-vis
extinction spectra of the standard solution of glucose with
different concentrations and artificial saliva matrix were recorded.
Transmission electron microscopy (TEM) analysis of the resulting
AuNPs was obtained using a JEOL, JEM-200CX microscope (Japan).

3. Results and discussion

Sensing mechanism employed in this study was shown in
Scheme 1. AuNPs can be triggered to aggregate by the electric
charge transition after the addition of APBA. The amine group in
the APBA plays an important role in this strategy due to its strong
binding to the AuNPs interface through both covalent and
electrostatic attractions [9,10]. Also, the amine group lowers the
pseudo pK,-value of the boronic acid. The charged forms of APBA
can form a stable complex with glucose through reversible
covalent binding whereas the neutral forms are highly susceptible
to hydrolysis. When the pH-value is higher than the pK, of the
APBA, the high density charges caused by the boronic cyclic ester
adsorbed around the AuNPs would largely amplify the electrostatic
repulsions and keep them from coming close as shown in Scheme
1(A). Here, glucose acts just like a protector, which successfully
prevents the formation of bis-bidentate complexes and effectively
maintains the AuNPs dispersion [11,12]. However, as described in
Scheme 1(B) when the pH-value of the detection system went
down below the pK, of APBA, the presence of positive charges
minimized the electrostatic repulsions between the negatively
charged boronates, inducing cross-linking of the borate moieties
upon bis-bidentate complex formation with glucose, The mecha-
nism illustrates the AuNPs-aggregation involves one glucose
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Scheme 1. Detection of glucose at pH-value upon pK, (A), and below pK, (B). The pK,
of the APBA is 8.86,

molecule bound simultaneously to two boronates and brings the
gold nanoparticle closer, eventually causes a color change.
Glucose prefers to bind with PhB(OH); through reversible
covalent binding, while the PhB(OH), form is highly susceptible to
hydrolysis [13]. The interactions between phenylboronic and
glucose produce negative charges, which enhance the electrostatic
repulsion and strongly inhibit AuNPs aggregations caused by the
positive charge of APBA. Gradually increasing the amount of
glucose led to a decrease in absorbance at 650 nm and AuNPs
appeared to change from the aggregation state to the mono-
dispersed state (Fig. 1B to A). The degree of inhibited aggregation
was associated with glucose concentration (Fig. 2A). Here, we used
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Fig. 2. UV-vis spectra of solutions of 15 nm AuNPs upon the addition of 30 pmol/L APBA and glucose at pH 9 (A); and AuNPs upon the addition of 10 wmol/L APBA and glucose

at pH 6 (B).
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Fig. 3. Visual color changes of 15 nm AuNPs solutions after addition of 8 pmol/L APBA and different concentrations of glucose in artificial saliva. (a)0 mmol/L, () 0.25 mmol/L,

(¢) 1.5 mmol/L, (d) 2.75 mmol/L, (e) 4.5 mmol/L, and (f) 6.75 mmol/L.

Table 1

The results of recovery test.
Sample Added (mmol/L) Found (mmol/L) Recovery (%)
1 2.00 2.15+0.03 107.5+1.5
2 1.80 1.91 £ 0.02 1058 + 1.1
3 1.60 1.55 +0.02 96.7+13
4 1.20 1.23+£001 102.6 0.8

the ratio of the extinction value at 650 nm and 520 nm to quantify
the aggregation process or color change, because it is less
vulnerable to fluctuation in sampling and monitoring conditions.
The inset image was the plot of the response curve for the glucose
sensor system. Their linear equation is Y= -0.1477x + 1.09488
with R? =0,995. However, the interesting results appeared by
reducing the pH values (Fig. 2B). Upon the addition of various
amounts of glucose, the intensity of the UV-vis absorption peak at
520 nm concomitantly decreased along with the increase in the
extinction at 650 nm, indicating the AuNP aggregation was
suppressed with the increase of glucose concentration, which
could be supported by TEM measurements ( Fig. 1B to C). The linear
equation is Y= 0.05137x + 0.11233 with R? = 0.983.

To test the practicality of our detection system, we applied this
assay to detect the glucose in artificial saliva. Fig. 3 illustrated the
visual color of AuNPs solutions upon adding 10 wmol/L of APBA
and different concentrations of glucose in artificial saliva. As the
concentration increased, the color progression of the AuNPs—APBA
system changed from red to blue and could be easily distinguished
by naked eyes. We also determined the recovery of glucose that
was spiked into artificial saliva samples and the results were listed
in Table 1. The good recovery indicated that our sensor system
might be suitable for the detection of glucose levels in real samples.

4. Conclusion

In this work, we managed to design a novel strategy for the
effective detection of glucose that exhibited dual behaviors in
response to glucose concentrations depending on the operating
pH-value. This work provided a new thought for the development
of simple, inexpensive assays that may be highly useful for practical
glucose monitoring. We anticipate that more improvements can

be achieved in such systems for the development of glucose sensors
and more information can be gathered for the studies on the
interactions between boronic acids and glycoproteins on cell
surfaces.
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