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Abstract

In this work; the method for spectrophotometric determination of cysteine
was studied. The method is based on a colorimetric reaction between cysteine and
gold nanoparticles (AuNPs). The AuNPs was synthesized accordingly .to Turkevich
method. The maximum absorption peak of the AuNPs solution was observed at 527
nm. In the presence of cysteine, the color of the AuNPs solution was changed from
red-wine to purple. Another maximum absorption peak was found at 650 nm. This
was because of aggregation ‘of the AuNPs by cysteine. Increasing .in' the cysteine
concentration resulted in increasing in degree of aggresation. Calibration was plotted
of absorbance ratio {Asqss27) against the concentration of standard cysteine. Working
range was observed from 1:to 500 uM (y = 0.0016x + 0.1788) with good linearity (R =
0.9844). The RSD of 6.49 % was achieved. The method was applied to cysteine-
supplemented tablet. Recovery-was found from 71 to 113 %. This implied that the

method gave high precision and acceptable accuracy.
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2.1.1 dayavialy
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wiilseaa (SH) FdlAnsuandinensa (pka) 3 A1 e pKa, 19vsATUBNEan = 1.71 pKa,
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o v - -
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2.2 aynAnaeszauulu (Gold nanoparticles) [12-15]

2.2.1 ayn1aszAuulu (Nanoparticles)
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wiudiiuam sriipmiisTawuudegludilndsidyiteguenannafuosuasiuouiy

wasily wanaweu sleuyud vioaulfinnuaswetaunianessydvunluanunse

a4 - ar aa = < i (=3 a i 1 o a o a <
mmmuaamnaumimuwaqummtﬂuﬂauuumaﬂ"lwﬁﬂ AIBUNNLTUY LaINUBLaNATaUDATEN

Aaveseymauluvedlany Aagui 2.2



Metal nanosphere

Electron Cloud

3Ul 2.2 nsvvumsdtivaewarauen (plasmon oscillation) dwisuoymansenau [12]

Wi 2.2 wassnszuIunTsAuvewa Aoy wandbiiunisnsednveanguusey
81dnagau (conduction electron charge cloud). Mmndiuduaivailelffuuamzondy
witdnlnih dsunduBifnasaudasy ssgnimdumiiiaamsdusios Tnorsidaansdul
usgiummm e dnnsou (electron density) Inaduinssinnsou (effective
electron-mass) 1A UTWYEININTLRIBEBTEY (charge distribution) dwiumsduves
dldnasaudwiveyniavieidn WSendi lelwa waddusy sleuuud (dipole 'plasmon

resonance)

2.2.3 aymavasszavuily
gf o it L vy <
aymanesszdvnlulueynievsiighduasiyituiianlaveodlitivuindnas
Tuszivunlues Falieunianesseduunlufinuaui@nientammiaznivaifunnsaly
- L - as ! : Jﬂ 1 ) - aa o ¥
NMBWNA 19U T dwTTwdRuIR Ao UTIAsar TastunsisaufAdonad dhlviile
- ooy <l b 1 [y 3 e
A wazildiwdoumuwuiaveseynia  andednieveseynianessyduunluvinliannse
Usegnalgusslenilavainvany lagavzagnBainnussynalinedunisiessinaad

o - « -
wadileseiaisnauls



2.2.4 msduaTIsiaynIanassEauully
Y a s -
msduasisveymanesszavuiluil 2 38 835 Top-down uay Bottom-up (3Uil

23)

Bulk subsrtate

Jratmtiiibenoatian bt it ot bt Do b bbb oo s bl

Ui 2.3 msdaenzieymavessziuuiulag® Top-down uas Bottom-up [13]

38 Top-down u‘flun1'5?1’:1Lnswv’mnumﬁ'lmu".ﬁtﬂwmmﬁnTman'ﬁﬁ'muir‘J’mqwm
Ingflidnassufvssduuilummsfeusinevenlaglémaiingneg wu LASER ablation 3o
ion irradiation Lwiwuiﬁ'éifﬁﬁaa’wﬁmﬁmﬁammmmﬂuazgﬂhwaaaqmn“lmenn

#1m3U5 Bottom-up . (umsdaasisnlagSuiuainnIsaeosasuuRarormoy
Ussneuduliueynia v bussivulusmsiedsamegmand 1du andendnnns
WinUisenidntuvesarsazats Tetrachloroauric Acid (HAUCL, ; Au’) Tagldiarsanvunn
\Wu Sodium borohydride %3 Trisodium citrate iawasulopourames (Ad™) Ty
9EAONTRIMDY (AU) mnﬁuaamauwaamuﬁaﬁ’wawqa.-.:nauwnmmﬂuaqmﬂwaaﬁﬁ

o = = e '
yuasyAvulunsBalidavusJungaased livawdwwmunluwasuvivasyeylu

arsazane (EUﬁ 2.4)



- @ al = "o
JUN 2.4 sumavesssivulunivneyniadiiaty

#a0n: httpy//en.wikipedia,org/wiki/Colloidal_gold

Hagiumsduasismiuuy Bottom-up  Tisuldlumsdnnsisoynianassduunly
i < acdd !
unNTubY Top-down issaniuiinagaan ansomunuiinuaysUiiseeyniala
iy
hnideiilavimasdsiaseieyneanasssfuinlulussvuasasans Faesdl
& 1 1 -~ -4 “f. v d A = ar ) i\
lassaihatuwuunsanan Tagguinuuuiineimidifidesigadlomousuiusnuuy  suq
A & e ) - oo T
(HeiivSanmsviniu) lagl#asmsimdvuuuume @3 (Turkevich method)/ (5] lnuend
- aa -l - bod -l - H é o H.JGI
Uijisensanduraansmenseaaalisain (HAUCL) mislasludendinsalutih faludsnisia-

wsalospulrwliafiliuansanvuauasinyiatioiamevsmedly” syniaitldeziivuin

Uszanas 15 wiluwmsiasfivunginalfestulasufiseainsei
6(AUCLe) + CgHgO; + 5H,0 > 6CO, + 24C1 + 6Au” + 18H"
2.2.5 MINTIVABUAMANYMLYBIDYNIANETZAUUITY

= o v ! o v v | - W
Wisannaynanvuinssdvunluaashiannsausaiuldimeniuafosefe

» o 5 et 0w ' v
niBIRaNI3AMIBIANNATOY (Electron microscopes) Afifndiuenegs Wy ndssgavssenuuy



1 s ; o )
d0asu (Transmission electron microscope, TEM) JUN 2.5 uamsayniAvessyAvuly

< - v s ' o w
a6 wluwnsidennaesganssemiuvudesiuidens 200 kv

Ui 2.5 TEM image of gold colloid

i Wang et al

MIRTNAUANGIVsYIOYN IANBITEAUTluLENIINIEldRdesgan s miuuuHD
i ) a o ar 03 .
HILMAY  HdansansIvdeunuanuusreseynavessrauululaigmIssa alnsiwla-
= ¢ o A v (L - - - S a oauw
fmos nesidioegluguiaunnalunjeidivaenilonnanvesigandusasihduili
o - o o - - . '
wiuvesdaiudivdss. widvasgihbitiouaidnadudsegsuilvuineyniadnniteiu
3 | < o
maﬂﬁuu.mﬁmmnn‘ssﬂumnqm'lﬁaqmﬂvraaszﬁ’um’[mﬂaaummm'zﬂauwg}mﬁuiﬂtﬂu
a - . 6.9 u )
enAuuasiideairmeniadudizaina 500 wilues sbiviueyniavesseduunludiud
J a o z -
X m'mmanau'umm‘sq}mnEuuaaﬂunwmmmaqmﬂwawemuuﬂu Mtnsraynin
Y T ") el 1w [ < -
vesszdvumneeieslidiseiy. symanassziuulimnadnazganiuamiuen
- | a Yoo nv o a < v "o
ARuualutmmeneduduibiduaymanessrfuutududunady wiieoyntanes
at =4 u: a = P ' -
svavuluiinalvgiiu eynmanesszduunlussganduanunedunaslutiemiuenaiy
o o o - | - w o a &
#1700 Adidavdsuludiuasiidunusuinveseyniavessedvunluiiuiy

AUAIRUY

2.2.6 msUsvgnaldaymanasszivunludwiumsiensinmaail
= w = & da .
msfeymavesiivunszivuluwesilildedfe | ThuiRadeviunsige wilsud

mMuvInveseyMALaIisiiteuatl andeddandnihlilutieqiuldfinsieynia
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w [ v e ¢ d a ' o~ )
nevsvaunlunyszgnddmivnuduailiessiiteinssimansiieg fudanndey

L3 “d Ve e W ] ;
BIITUHATNITUNNE Iﬂﬂﬂ’]!ﬂ?ﬂI.L"i]ﬂui]ﬁ"l&lﬂﬁtaﬂﬂlﬂﬂQM'J'UE]WB‘I‘UU

w . v

AUFILIAGDY

-l » ) ad a ¢ v o

fisenu (16] msUszgndldoyniavesszavuluieiiassimusenlasldiades
Waeasawudawalnsinlafitnes (Fluorescence spectrophotometer) Ineldoyniaves
savuilusun 13 unluwes Uiudgsiieymenesseduunludie  Rhodamine B (RB),

¢ : z S 3 3 . -l v oa
Mercaptopropionic acid (MPA) ua¥ 2,6-pyridinedicarboxylic acid (PDCA) ieliwaasu
24 n‘ -i. » 1l ' - =

NSEAUNAINENAAL 510 wilumes diluarsasarsliiivsonesliawsaianisdouas
(Fluorescence) usithidsevaglumsavarsisziiamailewastiu insawdsondusmgao
Vo - v v 5 - v v - 09V a Y -
WiAansEeuasls datu e ududuvesusoniintiufiesvliiianis@oeuaslauniy

< e o - a | ! v w
ltmannsiiedwseinidsinadsenlufmedsinndsludwndeuls

AUBMNNS

= - e o o a at adda I3 - =i : L4

WY [17] naganumsiannidiesvindiniaaniiuiulagldeynianes
savinlulgarfendnmsUiuinreseymaneassduunludieans 18-crown-6-thiol 13
\inasddsudndavitlieynienesszivunluannsasiusaiudiungulngdu - demalvd

as -l - - w - -4 a
vaseymavassvavuludsulIngy Wommiintuveuuaiiugslueyniavessydy
v W ' =1 oot e ' a5 - o w
uwluawsesmnulungulveiu dwvagusnnduaadufihwasihGuaudduan
@ o - : =3 v LA . i ? =

nnavaseyntanessEAauIluiiiuty SaldmmduiussinaimyTurnmaiiiuluuumg

aymavassgiuunluganmnsaUssgndlifnsmimejiusnguiuaesiniad

= oy Y - . )
(B-agonists) {Hueivislunmugioveenau udenisueviialuiyud uwiluilsatunwasns

v o ' - ey IJ 3 1 “ IJ ar q. - ¥
Ithenduumerinfianluldfiningussasd wu ldeanluiuuasiinuSunaitounduans
° v - (4 a = L & - - <
“a'qmu'flumanmiﬂwmﬂsu1ma'mmﬂﬂ’m'lmuaﬁ“ﬂ'hwaﬂ'wqu‘lu'lﬁl.nummg'lua'lm'iw
Amualy dreldesiudunssdeguamussiuilan Jiliaunidinsmimarsnduiumies-
Iniladlagldoynianesszavuilu arsnduiumesindaniuaisussneuitaesiluanii
& Ao - - " = o4 o = 1
(Phenylethanolamines) Aifivsjunuitsineqludumisisuuduuazingesiily CREGGEATE
) o 0 o v Y a -

mevlntiadannsawasu HAUC Wu Au” vilbildeymevesseduunly Famiusviaduves

a ‘J L o 1 - L3 2
aumAeasEAuUlUAlAR 528 uiluwns nnuduturesasnauumerindaduniavei
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L4

Wildeumemasszivinlufistuinndas Bilfimmhlunsiessigs Wuadessides
10 wivisiadiegne uavawnsoiluyssgnaldlumsasiamennguuniesindanlusaong

= 1 s & as ya
Wililaghiiinasumuinimanglaauarejiusnguiug

Aunsunng
s W el w1 Y - M Vet - e oo w
aumeavessgivuludiliandRauntessuli WlatiaAdeiszgnalieynianes
ssivunludmiviensimarsanglaslddnseiamaeiii Wy nmsdesisinysuiu
waarhdluaa (a-Enolase; ENOL) FaTuuoudisultiduasusinziSeon ardendnnissu-
¢ P a 1 4 o [ o w_ o -t

ylumueesuomaduuuusuiv (Sandwichimmunoassay) m‘aﬁmw%ﬂmnﬂmqﬂm 2.38
- . y v ow 1 daa o v
pe/mL warlflaariieswiiies 2.5 falsdededny luvasidswiluildlulsimeruials

a €t o o [ a ¢ & & - o
naTiasIvine 5 Plusredietne 'J'ﬁ"nﬂswwﬁ'luwwmmwwuuanmnazmammmgnmaq

v ¥ o e e v v w0y “ VY ow X -
goudrdwwesiisiemslénudnie flheasivvannsonsiaTalddeiie dudowy s

AIVANLaTAnRIDINTSYedl SRl uYiai

2.3 gi-saaawalnsinlnfiines [19,20]

A i - 3 ar - 4 ]
Lﬂumsaaﬂamﬂmmswwaﬂs'[ﬂaa'\ﬁwanmsqmnﬁusqﬁ'uaemmq'luma Ultra

«

violet (UV) uaz Visible (VIS) mwmmﬁudszmm 190 -1000 u1luins msﬁﬁmﬁmﬁz

1 J o e o S o « 1 - & L
menIelddllaaalnsladimaidulngluaisdunde arsussnaudWou vioans

[
@

a a6 = 1 ' - A w ' o 4 e )
alluv3d MiwidduazLilld arsudagyiinazgeanduiedluyatninugneduiiuandiuuay
Vanamsganauididudadulaenssiuaiduvesarsing Seatuisodiaseilalug

- - - g ' ) Y '
Aun AU Wumelaitaa mbiiduazldfuedrsundvans wailldninnisiasey

L - : a 1 ' A
memalinlazuansmuduiussenitdmsannduuet (Absorbance) uarAAILE1IAEY

(Wavelength) a3endn aweansu (Spectrum) Metwveyi-Alaamuaniuuansiazui 2.6
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Absim
2 B B

8

700

500
A (nm)

31.117'1 2:6 UV-Visible spectrum

i http://en.wikipedia.org/wiki/Fite:UVVIS_spectrum _of bisulphide_in_sewage.jpg

drulssneUTidfigvenaiay UV-Visible spectrophotometer-Ysznaulume

L. Light source unasrhitianastuindosaalvsinlafinofazsodnsadlugaeeny
gnIRdUTIdaINITEYIRRITeskazAIINaORnAN T R sRF AT e AR UAI T
adulutiadanslaTatanayt¥vaonfafies (Deuterium lamp) Wuunasiniawasdslyua
Tudag 185-375 wilutues vinnisfevhbiossenfafiFuiisgluaanaviarendausanin
Arumapavitanu (Tungsten filament lamp) slfruunirduaseunaudseuasiiuoasiuld
Ao 3202500 valuiains- waRNFIERR e RMAanliT AL ST AS Winszualvin
Wi lugunseismasamuseutarassidoanyy TnetUndsiaaiasd i nouldi

- 2 [ - o - 1% 4
Usvanas 30 uant wiveviilad waseiiSsuviSavaossiamulfuasfiiauduasiaus

3\117‘1 2.7 1) viaeadiviieun v) vasavisawau [19]
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2. Monochromator iudauitlimunuuas Insasviliuasiiosninanduiidiauas
ﬁatﬂuwaﬁmmﬁnlﬁrfluum‘[ulu'[mmﬁnﬂatﬂuunuu.aw.ﬂuqw?aﬁmmamﬁmﬁm 14
Haweividuviansais fdnwusiduseudnquuiuiusuiumn waseinuasriidouases
annsEnVaIUURIMivesTsmasieusanniliineg amzamemaduitdssmawiny

Jeazrutesuasenn (Exit slit) Weansieen

Ui 2.8 nsnddluenmusneduideims (19]

3. Celt sample mMeurldarsiinegis dmvaainsiulndvesavionin 1wad vie
I (Cuvette) fivatsuvuyiaswuinssiuduiunsldag uandrAglunsidenldde
mslurauasdansilaloan sxedldiadiviiaanasend (Buartz) i Moegnud
aunsaganduuasiugdanstbilewsls dawsadiitnuies s iatludsueed musadiu

0]

UM 2.9 a8 Cuvette wuusine [19]
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4. Detector v'hwﬁ'rmumﬁ'mﬂ11u1iuvac%’qﬁﬁqnqﬂn§u'[mum‘suﬂﬁmé’muﬂé‘u
Fid dundanulnh Lﬂ?aqmwé’uﬁmm']mﬁﬁﬁmﬂamwhqqﬁa wivFunauasssdeuly
dndesfianansonsisdudygumiuuandld dagtuiniesa alnsTwladinosdaulng
Heultidhnsedudygyiu 2 viade

4.1 vaenlWlndaAnanewoes (Photomultiplier tube, PMT)

waen PMT Usznaulusmueualna (Cathode) flauinssarsiausalisidnnsould
dognuassiuau 9 ga Funia lalua (Dynode) uriazlalunazdidnglningstudon douas
annsenuiulaluadiniesieruianinddnnseutuy udaislunsenulaluaiiass aw 3
wasuaAi Rafuudinasidonsendrifiuduie 1021070 w3 svuuelunly

nszualwiionudiademesdyaamsiell

3Ui 2.10 &nwaizmaon PMT luaalnsinlaiianes (19]

4.2 Inlalaleneiise (Photodiode amays; PDA)

MATIIUAYY amtatannsadudyyuldnsouaguitan aniulagldlalontl w
dusieiuiuun SwamasniaaseunquatUaniulsideus 200-1100 nm fansaedudeya
tusznaulusmelnlalalaauasdannuusey (capacitor) Useana 200- 4000 #iduasafuiiu

) a v o w v IR S v = val o
um vanmsdudumsnsbiuszgiuRmitlalen ddlaleataniuuseqlinduivlsyg e
vV a o 4 4 . L
uaennasuulalonszviliiinuszglwihllvianeusegidul vy sey vilvideslduseq
o  w ' ' ' & & = v i
wisdlumiaduimesnsaunuuiazainiuies Uinuvesseqitdestdidalulm andy

- b ko J o/ v 1 o 5 “ J 1 a
Ujnalawassiumnuduuasiialdveswsiazlalon fafusinmsinudnuuasiiuandiaiu

§ - L a = I‘:
maammqm'mamnauaﬂmﬂumﬂﬂm'sumsqﬂnau'uaamsuuaanm
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Sample

Source Peolychromator

U 2.11 anlalnsiiflafimesadlalanensisddummsedudaymic [19]

5. Recorder and processor duluninuazuwdsnadeyyn viowifivenedya

wazuUswadyaalisaninluiiesiduwuuien (Log scale)

‘J <
sUuvuvaunIesaalnsinlalives (Types of Spectrophotometer)
RROHVR P8 4
1. awalnilwlnfmasuvuduwanisn (Single beam spectrophotometer)

L) a o o v} P 1 o v |
wanmsvosaamsilalvesuuuauauisaty Welawoninuvasfiiauag azHy
Lululasiuneimibuinsafy tasarsiagisamudiiy udrSadndsmsaiudyyu naon

v o Ao al 2 a ¢ & ° - o
Wunvasswasbiiduandsy JusunawalnsiWladineivssinnilduuuduanien 1iag
vnawalnslilaiinesuseimilddwanissdudoisuanlalulasuimesiUdarsazared
AeImMTiguazithddnsadudnyn mias stunsiadenesia 2 asadeil

- ASIUINIATUTIIRVALA (Blank) Faduiiviararvvesiiegniisseanisia e
o 1 L3 o < £ 4 o t ‘i@ & o
auaiuead Yiuinsedlisglusiumis “Aud” (Set zero)

- duATmAIUTIIsazaeMIneIN1SIn (Sample) umdslriduasitugad A

WANANTENINMIPANAULABIN 2 ATvesUsInguunihdaiiimefantufiaiuisata

s 1 ﬂ' g v d 1 v v L al =l
fmetnernuutudugdslulaey Inalidesnduluiawuasasn
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Movable prism or diffraction grafing

%

light source

Display D

= B Detector (phototube)
Ry

U 2.2 awnlnsiwlndmosuuudmaniies [19]

2. awlalminlnfimaiuuuduseg (Double beam spectrophotometer)

dwiuawalnsiilafinofuuuduase dodudmnuvasiilisuasesninndouas
sanuddumaziUdqunsaidadhuay (Beam chopper) Ssssriwihtaysfouduaslurinuans
#0813 (Sample) luvmzaau vay MeudwadlUnuans8198a (Reference)  aafimouuatd
tules Tneiiduanisapaszilauduuasvinfuneudioss g ssosunisatsseds e
ﬁ']u.aaﬁ"’aaau‘i‘lumnmswuuuﬁ‘:mmi’ué’m1tu ATUUANTTIVOIA DN U AN INE Y

ansimpthasamsonewnsnaisludnTsannduiamasiogs

Sell S

Selected wavelength

Shit

,.‘ Beam splitter

.. '.
- -
.
Sample 1 I. 1 ; Reference
ra ,
s" -'-.
> A
A Detoctors %y
i
£ L

3Ui 2.13 awealnsinladimosuuuiuace (19)



17

- = o @

3. awalnsivlafiwedniilalenardisdiluiansaadudyey (Spectrophotometer
Diode array detector)

Diode array detector {umsnsindudyga nefanisganduvsuansuidieniu

a Y 1 v af | - - " &
awalnslladiweiialy weswimaiudayaiildmsituiies 1 wie 2 muemaduwindiu
' s v ' | - W -

wiaunsaiudayaldidutiesninuemeduifinssiausadenldlagldinanisais
= - W o - w ) & <
e Wassnaunsaiaynauenadulalunanioniu murzdmiunisiiuioyanidu

a - W a &l = = v a
alaniy ¥IanINIAARIY ﬂqiLUaHULLUaQﬂ"I3@’@?'1au‘ﬂaﬂﬁ'ﬁﬂ“ﬁ"IEJﬂT'INEJ'TJﬂaUTWﬁE]M 1nu

_:Li sszassa é
i
:
%

i

'

diffraction grating

Wavelength slit/filter

TUil 2.14 awrlnslnlofimesiillalonendisdifiudasadudoyain [19)

2.4 wdnminsra¥aiile
dunsisesewineymavesssivuluiuTamduduluaamaui Hard-Soft Acid-
GJ = = @ @ aa o g = a
Base (HSAB) lagvmilsaea (-SH) VOITANDUILINADUANTNITUINUNUKNIVEIOYNIANSITEAY

A ° o v oW o ] - L ¥
wilu warnsmlienhbiianmssuiituresdamduwsazlnanadunisiagatuieuse

vihafindeuanssaguit 2.15
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O
S
N Nt

4 o s ar a -l
JUn 2.15 uamamssaiminuueseyniavesseavuluiudamsu (5]

WANMIYBMgB] HSAB Ap nnddaunvsiindumsMBentuivadidaunldmieiiay
airviuszlesalintaznsadiBadowinindunsiseiivivad-daseuldfieaiaiusylnn-
s Ssoymavasssduunitifiuezasuvedansiinegluminansndisadou wazvyls -
soavatdamduineglumnnaluaiadadon [20] Ssansaldngul] HSAB.  ofutunis
ieufiiTersrvineynianosseduunludugamsuls wasdamsudadunsaaviiluviania
FeilnpuaniAneniu - zwitterion viefimesssyliluanaierneldfanimncay e
Ustinsiueglndfuneniaussigadmadu Kufunisidndunsdtoisninadamsuass

Luanadainseesuaslalasusislwiiatio

a o o
2.5 IRgNNe999
K. Farhadi uazamz (4] Iovimmrsesaedn@amdulusiogsend638 colorimetric
method lagldeynialaveduasiumianftszauuluduiionus Wnsasazareifndes
' - : - - o W = -l -
wazilimIganfuiasgaaiinaiuendy 410 wluwes Wevhmismsieadamduuasiiy
= ¢ [T ) o oA ¢ efe 1w [ a
leAsunaslsnnutttu 6:6-Hadluatd iferuasarsasatowiiu 7 Taeldailunisvi
aan - I e @ e = [ -
Ufisen 5wl wudifemssudiiuvateynialavs Fadanaldainarsavarewdsudnd
- - - - - o } aadh v
wiasdluludidewaninnsganiunasiinauenadu 625 uiluwas $935ilddaeaudy

wunseagluyae 10 - 172 wluluas leelifaddamanlunsasiatainiu 3.3 ululuans

[
E 4

[ P 2 - = - o = as 1
wazilen R = 0.9912 FiBiiidedretimuiligs uarannsansieadamiuludogiaels
] =3 | =i 3/ - =i i a = i
a6 T willdaidufomsinisueynalavgseduuiluianugsenn
X. Wei uazamz [21] Iivihnisansindamdulullaannysies colorimetric

method 1auld carboxymethyl cellulose-functionalized gold nanoparticles (CMC-
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- & W a -
AuNPs) uiieiaud ayniavesssAuuluduasieilaely carboxymethyl cellulose iite
Uasiunmsnudmiiuvateymenssssiuuiluaininde wuindieldludeunaslsdninndudy
0.02 Tuanuazldnanlumaviniiden 10 wril iiemssawiiiuvesayniaves Fadunald
o w - ol el vy
nnsagudvesarsasarsuarailaniunisgandunasivasuly wasldgasnanudu
1) i ¢ ' 2 actd adal
Wumseeglugae 10.0-100.0 lulasluans uazen R = 0.997 3T dudside fmlge waz
i o s Y o - a |
Wudsmnsdwmsunisanaiamdamdulusegradinin
Q. Qian uwazAwz [22] Idinisanaindamduluaueudieds colorimetric
method lagldoyniavasssavunluiduiienud Buanmsduassieynianessyavuily
laslifnsmiduanilawes lasavarsvesiifituinoynmaussnin 13 wilussuasiien
m‘s@mﬂﬁuumﬁ 520 uluens HANTSNARBINUIIMSHNTAMBuVS onsaLeaU RnUSines
- - 1 L] 4 - 1 = a a
20 lulpsdmsiieesdwleegnuivasluaisasatsnes 200 Lilasansbiiinnissiudaiu
- a =t - a . o ¢ ' °
TusugmsiiudawvduasluaisazaneneWiinsaweauin 1.8 ladluarinsyseguasyi
o as - T ] 'Y o 4 v
Ufjisen 10wl iemssandadudedanalavindvesasavareasulududiniu b
' ¢ o ar @& W o
mnmﬁmﬁumqaq‘lu'm 0.166 - 1.670 lulaslua1s lasiidadadnaraalunisnsaainit 100
wluluans
S.Jongjinakool warAny (23] lviinisasaviadamduseds colorimetric method
T,ﬂah?aqmnwaqszﬁuuwiumﬁlﬁﬁﬂmsU%’qua‘Lﬂqtﬂu'%'tawuﬁ Tusvidatilavinnas@nw
nnveRyaIAaaziesimnvasluni s iafinuiteynanestuin 108 wily
- a @« F RS | = °
WasWarINeY 4 wnvdmiunisnsiaindamsy dlamitamnsuadluaisasarovewasyi
aan =1 - 1 - s A - - =
ugnigntuiml 3 u sausinginasasmeifieudnndualilud@iituidessndamsy
d' o L ar - o W A ; as
willgniveynanesseauinludans sy meldanisimunsauiiannsansio e
%amﬁuiﬁ'&umwLi‘Jmﬁums&aq'Lmhq 0:1=0:6 ppmAngiidndiinsgalunisnsiaina 0.01
- 1 2
ppm WaziA1 R = 0.998
W. Xueji uazaay [24] lvinnsanaindandulasandoufitersendindumslnii
Lﬂi‘i‘[ﬂg‘lﬁ’i’ﬁéuﬁﬁ‘ﬂuﬂaqﬁ'zuﬂgaa’tsméua‘uwaama%ﬁﬁaqmﬂwaqwﬁ'uuﬂun‘:zmaag’ W
ar a Ao Vel vy w 1
NSASIVIATANDUNNLOY 2.0 wag 7.0 wuil fifley 2 hﬂmqmmLﬂutaumaaq'luma 3.0 -
= 2 - SR [ ¥
50.0 lulasluarsuaviian R = 0,998 Tuvaueitiies 7.0 “lmnqm'\mﬁunﬁumaaq’lu-m« 2PIL

T
a o

¢ = 2 s o 4 90 o4 ¢
80.0 lulasluansuaziie R = 0.999 lauiiindrindngnueanisnnainegit 1.0 lulasluans

& - oo it fa -
NIADINLDY WasnNwLay 7.0 'hJJJﬂTi?Uﬂ')Lﬁﬂnﬂiﬂuaﬂﬂail.lﬂuazﬂiﬂgiﬂ
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J. Wang uazane [25] leviamsasaiadamdulaslfoynanesseduunlui
duns1vilandd seed-mediated  uazinisUnAguAteyn1ANeIfae cetyltrimethyl-
ammonium bromide %38 CTAB vitmsnsivindayeyeu plasmon  resonance light
scattering (PRLS) vasdamBuiimuenadu 566 uiluwns Tngldansazatefivet 4.2 a2
winduvedduidsunaslsdviiiu 0.1 Tuariuagldnalunsiufiter 25 uiil wudndenis
swdiuveseynmeameasssiuuluiuuaveamndy PRLS ufusumududuvesdam-

Il
@ o

ou lhdemnududuaseeglugae 0.01 - 0.40 lulasniudeiiaddns lnefidadiindianves
msnsIvianindu 2.9 uilunfudediaddnsuarhiflitssuniveinnsnesiilusiindu wamiervh
mswSsuiiisunisasasinlagliounanasssivinluiiidmsmindouiaoynianes wuialy
asavaeiiimmduiundegs aymanesiiUnaguiie CTAB svdamssausafuiinaied
Fanduuazinde uidmdvaynmianesitndaudmsdinsmannsainnissiudafulalee
Usanndandu

L. Li waz B. Li [26] laviinismianindamBueitis colorimetric method Tngld
symavessyauululavaduaifniauawaseymanessgiuunly nrss s Auyedam-
Suiteuuinveteunianesssiuuiluiasdunsiessmindawduiu ci® Wusasadiu 2:1
mMsasvinvilaem situasavaredamdu 50 lulasdnsadluamsazatonas 350 lulasans
udhuiidenduaan 6 i mdudinasazans cu” 50 lulasdns udminisiiesiae
hauiiuiuassiu 500 Lulasagswasviwiiewioiuaat 9 widt wausagindnnissiush
fuveseyntevassziviludsdunaldsinmisdsudvesaisazansandinadudicy
mududuvesdamBuannsansiaialddemias UV-Visible ‘Spectrophotometer Tneil
Iadriashasluniamsiedaniniy 10 wiluluang

Z. Chen wavanz [27] Iimsssnindamdulaeldoynianesseduunluiil
ssDNA (uandlaweBudulianaifimmaiios awnsatesiunisiianmssudfures
synmiAnesnnindelduazazvgresnideiimaiiudamdu lunvmeassidléliludvunaslsd
Arututu 150 Sadluariuarléinan 2 willumai{iter wanisveassnuitaisazane
wasudnndunadudthdundsnmsidulndounaslsd Weviniswaeasasduuesd

o e 4 w af ~ Ay
NMIAANSURAMANNEIAAY 640 AB 520 UIMUNT (Ace/Asy) IdiduURSIITATRETUA

muiduiuesdamdulun 0.1 - 5.0 lulasluarilasiidadiasnanvesnisnsaeda 0.1 Ta-
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a1s uanmnﬁnsﬂazﬁiuﬂﬁwé‘uﬁlﬂﬁng’[ﬁaaa (sH) hivibiasazareneuinnisiudeud
wswlifaujisentvaymenessziuunly "Jﬁﬁﬁuﬂuﬁ‘ﬁ'ﬁﬁﬂmuﬁﬂmwﬁq

MR. Hormozi-Nezhad wavaniy [28] livihmsWauniBnisametadamduuazngen-
15‘|".auﬁﬁm'mbqﬂﬂaaﬁﬁwé’nms*s'mﬁ'aﬁ'wmaqmﬂwaqsaﬁuuﬂuﬁﬁ%mwﬁauaq' wyls-
poavasnsaesdiluaunsaunuitimsuuiuivemeld dwalilinnssudiiuvesoyna

vewnuusilihataviewusylelasisussuinluaga mnmsmeasdlasliasavarseynia

[
as °

nasszauuily 2 fiaddns Ysieinlessu 8 fadans lewouraslssmnududy 1 Tuans

= - =

0.1 faddns wazdamduniengmilsloumnuidudusing 0.l Jaddns Inatlunisi
< Ao < ¥ A g - A o a ]
Uiisen 3 wiil wuhdvasmnsarareasusindunluduiindu devnswaendnsidiu

4 = d‘ 1 J i a
VBIANIPANAULA 680 0 521 wilulumsuasi 650 #e 521 ualuwnsdmiudam-
Sunazngmlsloumudiy wuhvnmanludussevefamsueglugas 1 100 LilasTy-

& 2 | ) R & 2 ol e LI
a13 R = 0.989 uavvaingmilslausglugie 5 - 200 lulasluans R =0.990 lneildns in
9. @ Id (3 o =
maaven1msIinegh 24 lulashuans was 3.3 Lilasluaridmsviawmdunasngonlslou

AUATAY
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el o o a a w
A3 2.2 apunuiveiisaveaiunsiiessimyiinadamdu lasldeuniavesunly

Analytes and

Techniques Reagent LOD References
working range
Cysteine in
Spectrophoto- Silver 3.5 Sensor and Actuators B
pharmaceutical products
metry nanoparticles nM 202 (2014) p.993-1001
(10 - 172 nM)
Spectrophoto- Gold Cysteine in urine Analytica Chimica Acta
metry Nanoparticles (10 - 100 uM) 671 (2010) 80-84
Spectrophoto- Gold Cysteine in rat brain 100 Anal. Chem. (2012) 84
metry nanoparticles (0.166 - 1.670 pMm) nM p.9579-9584
Cysteine on Science china
Gold
Electrochemical Au/Nafion/GC electrode | 1uM. | Chemistry.(2011) p. 521-
nanoparticles
(2 = 80 pM) 525
Spectrophoto- Gold Cysteine 2.9 © | Analytica chimica acta 626
metry nanoparticles (0.01 - 0.40 pg/mlL) ng/g (2008) 37-43
Spectrophoto- Gold : Analyst, 2009, 134,
Cysteine 10 nM
metry nanoparticles 1361-1365
Spectrophoto- Gold Cysteine Anal Bioanal Chem (2009)
0.1 M
metry nanoparticles (0.1 — 5.0 uMm) 395:489-494
Spectrophoto- Gold cysteine and elutathione | < 2.1 | Scientia Iranica F (2012) 19
metry nanoparticles (1 - 100 pm) uM (3), 958-963
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o
unn 3

ac o = o o

ISATLUUITUIYY
3.1 ésiaiiuazgunsal

3.1.1 asiadl
oasinil gasiail BvfouarussmAduan
nIaAATEARBLIEDIN
HAUCL, * 3H,0 Siema-Aldrich, USA

(Tetrachloroauric (i) acid)

loioudimsy lelainse

(Sodium citrate tribasic dihydrate = C;HsNa,O7* 2H,0 ~ Sigma-Aldrich, USA

or Trisodium citratedihydrate)

uoadamdu
C3H7N025 Himedia,India
(L-Cysteing)
lodgupaalsa i
NaCl Sigma-Aldrich, USA

(Sodium chloride)

asazarensalalasnasin

(Hydrochlaric acid)

Carlo Erba Reagents,
HCL

Spaim

asavarslufuyasdiem

(Sodium acetate)

Carlo Erba Reagents,
CH,COONa* 3H,0
Spaim

ansazalunsnuadan

(Acetic acid)

Carlo Erba Reagents,
CH;COOH
Spaim




o Y
3.1.2 gUNIAlUAATEINSIVIN

1;

10.
',
(!
EC
14,
15;
16.
11,
18.
8
20.

Jnmnes

WIIAUTUING

wInguvuYy

Uwn
lulastide

Yeruanildln
WiauAIAYETS
washidlines

NN

Hdousnans
wIdnIuna)
NaoaANEe
uvlawiman
uHuaatillsunesd

u

NIEAYIANIOY

TUIR
VUR
YUIR
YU
YU
YUIR
VUIA
Yun
WU
YU
UM
VU
YUIR
10

2

600 c<m3
100 cm’
50 cm’
25 cm’
100 cm’
50 cm’
25 cm’
250 em’
100 cm’
10 cm3
5 mbL
1000 L
200 pL

Lﬂémﬁu\!aﬁ - Suimadzu Aux 220, Japan

wisdlimnudou - IKA® C-MAG HS 7

IASONYEIETS - Vortex Genie 2, USA

(38339 pH-Metrohm® 827 pH Lab meter, USA

ww3nagi-Addaawnlnsininimes - Jasco V630, USA
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3.2 ManIsuda1Tazay
asavaeynieisunminduusaninlossuiiidainiedes ZENEER UP 900 (e

human corporation) uazasiaiiyndnluviiansniasini (Analytical reagent grade)

3.2.1 mMsmssudsaratensaAnsTaaslsensatudy 1 dadluand
aranueaszaanlsensa 0.0394 Ny Mmevindulsiaanlessusuiwdntosldyan
TaUSumsvuin 100 addns Yiuliumsiviasu 100 faddnsdetndulsiasinlessy 9

leansazanensawnszaaalsessaiutu 1 Jadluas

3.2.2 mawssudsararelasiefoudinsadudy 38.8 Hadluais
avanalasludendinsn 0.5705 niu methnauusidantessusuaudntoslduin
TUTasnne-50 faddns Yiuusunasiviasu 50 fiadaasaastinduusiaainlessy oxld

arsararalaslufoudmsniiuty 38.8 fadluans

3.2.3 MamieNanTazasaynIANassEivuIly
wasazaenIaensvaalsesdmtudy 1 §adluais Usuias 100 adsas ldluvaa
Y - w Y i < - - - - - v oW
Uy AuswmeansanlunuimemmLSIEgs Weasazaadendnlasle@eudmsadudy
38.8 Hadluars Usums 7.0 faddns aslUegnesiass innudeusedunal 15 uvai dues
J ' ".'v : L 3 q' - L nl." ° IIA - é 1
asazagavaeududualng auitliliduigumgives sntuiluiiulifgungishnis

oA v o AJ Lo
4 pyrwadiva sslamsasauayniavessyauulundanugudy 15 uiluluans

3.2.4 nsmssuansazaelufsuraslsdidudy 5 luand

avarulaldouraslsd 7.3125 ndu dethusminlessusuiudnties lduanse
Yimasvuia 25 fiaddes YSuuSumsliasu 25 faddnsdietiusiaannlessy avle
asavanelefvumaslsadudu 5 luans

arsazmelvdvumaslsatudu 5 warfundeantldmmuduiu 0.1, 0.4, 0.7:1,

10 fadluats war 0.1,0.5, 1, 2, 3 luas
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3.2.5 MATENATAYABINASTILTAmBY

ava1uTamdu 00454  nu Mehnduusimainlessusaudntes ldvnda
Usumsourn 25 faddns  USuuiuiasiviasu 25 faddnseetivsimanlessy axlg
arsavareFamsututu 15 dadluans

Uwransazanedamduitudu 15 fadluardmelulastiunun 0.100 fadans ldlu
nnruadniilln Ufuuiinesliasu 3 fiadans sediusimannleseu seldaisazansda-
widuiitimdudu 500 lulasTuans

Uweansazanedamdu 500 lulasluaridelulastiuaun 0,006, 0.120, 0.240,
0.360, 0.600, 1.200; 1.800 uav 2.400 Haaams USuusumsiviesu 3 fadans daevi
Usannlesau avldfamduadimnduiy 1, 20, 40, 60, 100,255, 300 way 400 lulasluans

AUAINY

3.2.6 MamisuasarawesIianiwineiney 4

Ueamsazaensaosdfndudu 0.2 Tuans Usuans 41 faddns wazaisazans
lodsuostiamiuty 0.2 luard Yhuns 9 faddns ldlumiadausingsuuts 100 adans
USuiunastviasu 100 fiaddasieiinduusenniessy wldasazanserdanivines

e 4

3.2.7 Matassuasazateasianuninaines 5

Tnasavarensnasdindudu 0.2 Tuand Usuns 148 faddns wavaisavaiy
loisuer@nmdudu 0.2 Tuand Usuins 352 fiaddas laluviniausuiassuia 100
fladdns USuuiuasliasu 100 Taddeseeindulsineinlessy wlhasavarwazdion

UNasiey 5

3.2.8 MamIsuaITazanefIngNTamduandinen

Fulmindet e wdazidin FnaanssyUinudamdu 500 fadnfusiouia)
- - g L4 i o4 L) = =1 o g 1 1 o
vuiinuminlkavdhldualvaziden itlvazaeiiuazasewinunseaisnsssldende
Usinaswunna 25 daddes vinduuiulSunesidiu 25 faddassetunaeinlessy asle

u I e 1 = a a @ 1= Vo s
?ﬂiazaqElﬂ']'aﬂqawuﬂqqul{l’UﬁUﬂaﬁﬁﬁkﬂau 20,000 uﬁaﬂiuﬁﬁaﬂiﬁgalﬂ'\nu 0.165 I!Ja'ﬁ
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- o aa =

wiansazatediet NUTEINN 2 1addns UINT0IBNATINY syringe membrane 310
s “. ) z 4 = - 1 a
TulaasaraneiIunIsnIsnsdl 2 w1 0.025 Haddns lduetauSuiaswuia 25
- e a Ty v - ey L '9' 4 s (] q\
fladdnsusudsumsiiilu 25 faddnsmetiusimnnlessy ssldarsavaresegeiiiaii

Wuturesdamduiniy 165.0 lulasluais Tnesvviniswdeuansmedavianus 6 fegie

3.2.9 msia3su spiked sample

Umansavatedegui 1, 2 uay 3 AHUMINTeIRSIT 2 11 0.025 fadansldrn
TaUTneswun 25 fadans ﬁ)1nuzuﬂqumsaxmammsgw%’mwﬁmim?u 15 fiadluand un
0.166 fiaddnsldasluratauiinendy Usuldumslindu 25 faadnseetinusmaeinlosey
wldasazann spiked sample Aifiauidudy 265 Wilastuanslngussann

Unansavaredesnaidl 4, 5 uay 6 ARAUNIINSOIRSIT 2 117 0.025 iaaansldvin
TaUSunasvun 25 Naddns '-3'1nﬁguﬂmﬁm‘sazmamn‘smu%am5u|.1'£u°i1'u 15 dadluans un
0.333 daddnsldadlumaintBuiasdy viulsuesiidu 25 fadanssetnsmenlessy

arldiansazats spiked sample Afimnududu 365 bilasTuandlaaussane
3.3 35n15MAaad

3.3.1 M3ATININAIM IPANFUNAITRIaUNANETTALUATY
Unasazargayntanasssdvuiludiuins 2 fiaddns uaguiusimanlessy 8.2
- e 1 L @ LY o ar 4 = 1 3 = = =
faddns welidMiuiiluaseiarnisgand uuasiegeioegd- 38 aaalasTnla-

Hmed

3.3.2 M3A529IngamduRIsaynIAnassEAuuly
imsasiaiauuasd Insliunaisavarveynianessydvunlu 2 faddns wasin
Usimnnlessu 8.1 fiaddns welidriu Valudsumaslsddudu 1 luard Usums 0.1

s & = ' v v e ¥ o a1 - o <l
fiaddns ldunanunadniidawdbiiiiu udnhluasieindinisgandusasieinias

gi-dadaaalasinlnives
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Uwnansazaweyniavessyauuiluliums 2 fiaddns wavdsimainlessu 8
Naddasweniitndy  Ywedamdududy 1 Wlasluard YSunes 0.1 Daddns wavledey
€ v W & - aa & = o, oW - i
paslsnitudu 1 Twas Ysuwms 0.1 faddnslalurissuiadniddle wedenissegrans

=

¥ o a ' L d = -

Wunan 1 il udniluasetadimsgandusasneirdssyi-iadeanalasWlniinef lne
a ] o ' v w4 = o
Junawenndureumsiwgnans whnanTvinenMsgandulaiuniin 2

s o a o [ |

dmiudamdunanuiintudug (20, 40, 60, 100, 200, 300, 400 uax 500 Tulasly-
a13) Widuliumsveasuduideaiu

a51ansmunnsgIundeyadles Tnel¥Ardasidaur1nsganduuas (Ags/Asy)

= v o 3
waoauunu y amtanduvesdisazansunnsgiu wasauunuy x  Taeldlusunsu

Microsoft Excel wiaunwnaunisidunsiasmduyseansnsdndula ®)
3.3.3 msAnwanagiuvnzaulunimaass

P o -
3.3.3.1 msAnmanutuduvedluivuaaslsanuuizanlunisnsis iadansy
Uwpasavangeuniavosssduiniudinms 2 daddas wardisimanleseu 8.1

fiaddaswenliiindu. Ywnludsuraslsaidutu 5 wats Usines 0.1 dadansldluin
=4 =1 - . i3 “ [} el o L] @ | -~ L
adniiehtn wihvaeievdiasiiuam 1w sdniluaseinnsganduuasiag
wiosgd-Aadeaalaslilniives lnaduriasevindunsunisugiarsudinansivindans
- P o
AANFULAIUITNA 2
dwmivladisunaelsafiniidudusies (0.1, 0.4, 0.7, 1,10 fadltans waz 0.1, 0.5,

1, 2, 3luans) afiumsveas wwdeaiu

° aaa o
3.3.3.2 nsmaanlumsviuiiteiimanzay

° P ¥ a o v o
viMIsAnwRAIINTUT Anduiinudiutu 1, 200 wax 500 lulesluans Tos

°

insteansazatgeymanesszduuiluiungs 2 Jaddns  wazuiusiAainlessu 8
fadaasiwe iidniu  Vwedamdududu 1 Wlasluaend Ysums 0.1 Hadans wasleioy
v ¥ W 3 - q P " e P '
paslsntuty 1 lans Ysuns 0.1 addes ldlumerusdniidta wesmeiaisastans

v o W i = 1 3 - = a - =
Wunm 1wl winhlusnsiacmsganduuasienisyi-ialaaalaslaiwes Ty
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as 1 .’; [} v L7 1 N ‘J dl‘;
U WBIINTUABUNISIIEINT WNINARTIVIRAINITRANAULANUITN 2,3 ,4, 6,8, 10
, 12,14, 16, 18 uag 20
@ o - T
dmsudamdunanutudu 200 war 500 Wwlasluans  Widudlunisnaass

RN

3.3.3.3 nsAnwndriesiivunzanlunisnsaiadamdy

nnsasidiaAiteyvesasavaweyniAnesssiunlumeiiosives Uiuiiey
vesdsawoynavassyaunlulviidiiiley 4 Meansazaensalalasaaainidudu 0.1 Tu-
s ldviniauunsuna 50 faddns Uiuviunshinsy 50 Taadnsmeoarsazaiverdion
Unieifiiey 4 arldarsazargaymenassziuulufidiiiey 4 vndusiiunisnnaes
Wudenuiude 3.3.2

WinInninAiierasaraeoynmesssiuuiIlumeiievines Uiuiies
vasnIatweyntanasvunluliiidiiey 5 AMeasasaensalalaseaaincudu 0.1 Tu-
ad ldvamiauumsvuin 50 feddns Uiutiunashiasy 50 faddnsdasasararveriiam
Unwesiiey 5 sgldmsavargaynianesssivuilufirnias 5 9nidusiunisvaass

WuRelAuUNUYe 3.3.2

3.3.4 nMinsindawdulunlsgrevnsiasudingt

Twnarsazaweymavasssivululiuws 2 fiaddns waztdwsimanlessy 8
fiaddnsivenliidnniy. Uedregrdamdusindiagt Ysuans 0.1 Jadans wavledivunas
Tsuindu 1 Tuans Yimes 01 addns ldlurisauindniid e wedeniaavgrasidu
wan 1wl winhluamatarintsgendusasnenioi-sadaaalasnlaiives lnedy
naReIINTuRBUNISLYE NS wiinansaiadinIsganduuaiiuniin 2 wdasantu

ansdummsganduadluAiamaududulasUSnadamsuludogn

3.3.5 mamArTesazn1siasITiAundu

- o : & ¥

Uileasazatgoyniavesssavuludiuigs 2 dadans  wasusiaeanlessu 8
a aa ' [ 3 o a aa
Haddaswweidniu Uwe spiked sample ¥l 1 USunas 0.1 ieddns uaslufeunas-

f v W € - o aa =1 ' - '
Tsduutu 1 Tuans Ysuns 0.1 fiaddns ldlumavundnidUn wesieissegrarsiu
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vt 1wl winhllaseiadinsgandusasisiniey’ adaaalasinlafines Tnedu
NAIHBIINTUABUNISIVETANS udnaasaninAinsgandunaiiuniii 2 wdandu
dandurmsganaunasludinamaudutiy waniludundfesasnisinssity
naulneisuiusethe 1

dm3u spiked sample a7 2, 3, 4, 5 uax 6 Windiuniseasaduiieaty

3.3.6 msm%ﬂiﬁm’éﬂqnuaan'ﬁns'mi’ﬂuazﬁﬂﬁﬁnﬁl’wqma@mﬁmﬂzﬁﬁsq
EFTRTY]

AduN1IN39TRAINISYRANTULAITBIEITATANEUUANATILIL 3 Ate 91ty
ﬁwmmmdqutﬁaaL'uumﬂigwu'umE‘J’miﬂ&i’;uﬁ"unﬁ@mnﬁuuaa waztlUd i umdadia

AgATBINIATIVIALaE AT IARI YIS IATIEA TS W

-
3.3.7 AMIVIANUTE
ANTuNIINTIVINAIN IPANAULAS YOI SAZALAIRSFIUTAMBUAI LY 300
¢ o o o e ' < | P ' o
Lilpsluans dwau 10 ese ntudwandieds dudssuuninsgn wazdiudowuu

wmsgudinsvesdaTIdIANsSARnAULAs
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<
unn 4

Nan153wLarn1sanUsIeNa

4.1 msdaATIviaunIAnaTAUUIlY
Idvhnsduansieymeanesssivinluudvhnisinanisganduuaddudag 400 -

- ww o -
800 wiluiuns Faldnanismeanadesun 4.1

0.7

(n) (%)

0.6

0.5 1

Y o4
=
[5:]
£
203 ~——AuNPs 15 nM

gL

04

0 : ‘
400 450 500 550 600 850 700 750 800

Wavelength (nm)

A . - ar i
U 4.1 (n) uamaidanstnnIganAuuaIvasaynIavasseAuutly Laz (1) uanegUineans

avaeaynAssEAvIluduassile

< ' W =l v
Vinwansvaastluguil 4.1 wuiharsazatseyniavesseRunluidaaseRland
A o a - AI 4 5 1
UAILAZLIBYNINIIATITIANITPANAUUAINTNANINEIIATUAILG 400 - 800 WIS BY-

manasszavnluansaganiuuasligeanfinmeaduuion 527 uiluwns
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4.2 Anwnalnnansraindamduiisaynansssziuunly
dunsisgrsemineymanessydiuunlufudamduduluamungui] Hard-Soft Acid-

Base (HSAB) Ineilwyjlseaa (-sH) vesdamduanindunsitentuiuinveseymanessedu

w1l uazn1‘swu']'a11i'1'lv7tﬁﬂmsﬂuﬁ":ﬁ‘wm%amﬁuuoiadumQaLflun'ﬁﬁaqmﬁ'uﬁwLm

Inhadindauanadaguil 4.2

(8]
S " 9
N? N
‘0- S

d a a =i
7UN 4.2 uamsnissandaiuuesaynianesseiviiudulamde (5]

dledamsrmiuansasarsaswanudanduaduiduiing uevderinisnsiein
msganfulasluapaaie1Ady 400 - 800 wilums Winansvansedeguit 4.3

WY 43" AzwuindlefimsiBudandusudniu 400 Lilesluardaduluans
avatwaymAvasEiunty fmsepnRulasiiante ey 527 uluamsidnibeauase
ASAANEULAT 650 mTumwsr?‘iu%mﬁadmn'uu'lmmaqmﬂwaﬁ:ﬁ'um‘lummﬁuﬁﬂﬁa
vesensavmsdonludedemalidmnsinsuisansusasudeulusss Swanismanesd

aanndeIuNUATeATdRnwwneuwdiil (5)
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0.7

(n)

0.6

0.5

——AuUNPs 15 nM
04
—— AuNPs + Cys 400 uM

0.3

Absorbance

0.2

0.1

400 450 500 550 600 650 700 750 800
Wavelength (nm)
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[Cys] A527 A650 A650/A527 %

(M) 1st 2nd ave. 1st 2nd ave. 1st 2nd avg.

Blank | 0.5042 | 0.5042 | 0.5042 | 0.0649 | 0.0649 | 0.0649 | 0.1287 | 0.1287 | 0.1287 | 0.0000
20 0.2392 | 0.2134 | 0.2263 | 0.3255 | 0.2912 | 03084 | 1.3608 | 1.3646 | 1.3627 | 0.0027
40 0.2072 | 0.2190 | 0.2131 4"0.2819-170.2992 | 0.2906 | 1.3605 | '1.3662 | 1.3634 | 0.0040
60 | 0.2039 | 0.2147 | 0.2093 | 0.2789 | 0.2908 | 0.2849 | 1.3678 | 1.3544 |.1.3611 | 0.0095

ANTUANIAINTIRANFULEITRIEIATANEINASFIUTAMBUNAIEY 5

[Cys] AS2T AG50 A650/A527 -

(M) 1st 2nd avs. 1st 2nd avg, 1st 2nd avg.

Blank | 0.5847 | 0,5847 | 0.5847 | 00743 |-0.0743 | 0.0743 |-0.1271(| 0.1271 | 0.1271 | 0.0000
20 | 04030 |.03968 | 03999 | 05365 | 05256 | 05310 | 1.3308 | 13246 | 1,527 | 0:0084
40 04117 | 04112 | 0.4115 [ 0.5488 | 0.5514 | 05501 | 1.3330 | 1.3410; | £.3370 | 0.0056
60 0.3730 ¢ 0.4221 | 03976 | 04932 | 0.5572 | 0:5252 | 1.3223{ 1.3201 | 1.3212 | 00015

AT NUARIAINTIYANTUNEIYOIFNTAZABLIATFIUTAMBURNEY 5.8

[Cys] AS27 , A650 AB650/A527 A

(M) 1st 2nd ave. 1st 2nd ave. 1st 2nd ave.

Blank | 0.6525 [10.6525 |0.6525 | 0.0905 | 0.0905| 0.0905 | 0.1387 | 0.1387 | 0.1387 |0.0000
20 0.5370 | 0.5490 1:0.5430°{ 0.3838 | 0.3132 | 0.3485 | 0.7147 | 0.5705 | 0.6426 | 0.1020
40 0.5456 | 0.5440 | 0.5448.f 0.4198 | 03948 | 0.4073 | 0.7694 | 0.7257 | 0.7476 | 0.0309
60 0.5035 | 0.5005 | 0.5020 |0.4951 | 0.4359. | 0.4655 | 0.9833 | 0.8709 | 0.9271 | 0.0795

50
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ATNUARAIAINIgANTULAIYRIATAs BN sEIUTamButdy 1, 200 uay 500 lulas

Tua§fiaandngg
[Cys] Time (min)
(um) 2 3 q 6 8 10 12 14 16 18 20
1 0.2180 | 0.2255 | 0.2293 | 02367 | 0.2417 0.24637 0.2503 110.2532 | 0.2556 | 0.2587 | 0.2612
200 | 0.5080 | 0.5144 | 0.5304-| 0.5468 | 0.5584 | 0.5671 | 0.5733 | 05785 } 0.5826 | 0.5865 | 0.5895
500 1.007 1.088 1127 1.1581 [-1.1639 | 1.1646 | 1.1633 | 1.1622 | 1.1599 | 1.159 1.1571
AT UAAIAINTTAANAULFIYDIATAZAENATFINTemEY
[Cysl AB2T A650 A650/A527
() 1st 2nd 3rd ave. 1st 2nd 3rd a‘;fg, 1st 2nd 3rd avg. s
Blank | 0.5964] 0.5960 | 0.5962 | 0.5962 | 0.1118 1.0.1116| 0.1117 }.0.1117. | 0.1875 | 0.1872 0.1874 | 0.1874 | 0.0001
1 0.5887. | 05818 | 0.5912 | '0.5872 | 0.1291 | 0.1278 [ 0.1289 | 0.1286 | 0.2193 0.2197°| 0.2180 | 0.2190 | 0.0009
20 0.5463 |.0.5946 | 0.5871 | 0.5760 | 0.1296 | 0.1417"] 0.1255 | 0:1323 | 0.2372-| 0.2383.| 0.2138 | 0.2298 0.0139
40 0.6016 | 0.6021 | 0.5820 | 0.5952 0,14?8 0.1532 | 0.1419 | 0.1476 | 0.2457 | 0.2544 | 0.2438 | 0.2480 | 0.0057
60 0.5962 0.585@ 0.5718 | 0.5846 | 0.1513 | 0.1491] 0.1435 | 0.1480 |0.2538 | 0,2545 | 02510 | 0.2531 | 0.0019
100 0.5502 0,54§1 6.532? 0.5440 | 0:1730 | 0.1958 | 01531 | 0.1740 | 0.3144 | 0.3566 | 0.2874 | 0.3195 | 0.0349
200 0.5230 | 0.5304 | 0.5149 | 05228 | 0.3049 | 0.2370 { 0.2544 { 0.2654 | 0.5830 | 0.4468 | 0.4941 | 0.5080 | 0.0691
300 0.5576. | 0:5538 | 0.5631 | 0.5582 | 0.3458 | 0.3316.} 0.3317 | 0.3264 | 0.6202 | 05988 | 0.5891 0.6027 | 0.0159
400 04784 | 0.4790 | 0.4679 | 0.4751 | 04203 | 0.4272 | 0.4296 | 0.4257 | 08786 | 08919 | 0.9181 | 0.8962 | 0.0201
500 0.5057 | 0.4924 | 0.4926 | 0.4969 | 0.5076 | 0.4992 | 0.4947 |-0.5005 | 1.0038 | 1.0138 | 1.0043 | 1.0073 | 0.0057
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A527 A650 A650/A527
1st 2nd 3rd ave. i 2nd 3rd avg. 1st 2nd 3ed awg. e
samplel | 0.5691 | 0.5414 | 05251 | 0.5452 | 0.2843 | 0.2105 | 0.2427 | 0.2458 | 0.4996 | 0.3888 | 0.4622 | 0.4502 | 0.0563
sample2 | 05717 | 0.5783 | 0.5613 | 0.5708 | 0.2642 | 0.2104 |.0.2510 | 02419 | 0.4621 | 0.3638 | 0.4a72 | 0.4248 | 0.0530
sample3 | 05059 | 0.5030 | 055174705202 | 0.2153 | 0.2158 | 0.2381.] 02217 | 0.4256 | 0.4290 | 0.4243 | 0.a263 | 0.0024
sampled | 05131 | 0.5108-| 0.5061 | 05100 | 0.2947 | 0.2612 | 0.2995 | 0.285% | 0.5744 | 0.511a | 0.5918 | 0.5592 | 0.0423
samples5 | 0.5371° 05630 | 0.5638-|.0.5546 | 0.2643 | 02988 | 0.2981 | 0.2871 | 04921 | 0.5307 | 0.5287 | 05172 | 00218
sample6 | 0.5411 | 0.5430 | 05449 | 05430 | 0.2793 | 0.259 | 0.2392 | 0.2593 | 0.5162 | 0.4777 | 0.4390 | 0.4776 | 0.0386
spikedl | 0.5279 | 0.5066 | 0.5005 | 0.5117 | 02623 | 02924 | 0.3096 | 0.2881 | 04969 | 05772 | 0.6186 | 0.5642 | 0.0619
spiked2 | 05150 | 0.5088 | 0:5388.] 0.5209 | 0.2985 | 0.2901 | 0.2907 | 0.2981.| 0.5796 | 0.5702.| 0.5395 | 0.5631 | 0.0210
spiked3 | 05432 | 0.5386 | 0.5594 | 0.5471 | 0.2876 | 03255 | 0.3237.| 0.3123 | 055295 | 0:6043 | 0.5787 | 0.5708 | 0.0381
spikedd | 04524 | 04638 | 0.4826 | 0663 | 0.4149 | 0.4016 | 0.3873 | 04014 | 09171 | 0:8659 | 0.8036 | 0.8622 | 00569
spiked5 |-0.4558 | 0.6803 | 0.4592 | 04651 | 0.3775 | 0.4144 | 0.4077 | 03999 | 08282 | 08628 | 06876 | 08595 | 0.0299
spiked6 | 04980 | 04866 | 04712 | 0:4853 | 04068 | 0.4245 | 03937 | 04083 | 0B169 | 08724 | 08355 | 08416 | 0.0282

MMIATLIUANULBNTUTDIESAZANTAIDEN

g
B e —=
MW

v
1000

aansyyURinaliavdy 500.00 fadnsy viswiniu 0.5 n3u unulusuys ¢

uminluanavesfamduniniu.121:16 nindola wailuduys Mw

s L] d -t i L - = o s
Ir'iu'lﬂ'i‘llENﬂ']‘iﬁﬁa']Hﬂ?ﬂﬂ?ﬁﬂlﬂﬁﬂuwnﬂll 25 Uaaans L\WUIUW]WU? \%
C x(25)

wla

0.5

121.16 1000
C = 0.165 luas wSawinnu 165,000.00 lulasluang




a3

AMANUIN 3

A8 sALIMNUS I MTamdulualate
g v
PN — = —

MW 1000
“w w = ar 1 J 1 a L2
anuuduradamaulusiedan 1 wiiu 169.62 lulasluans

A5MI9E19T9913 1000 Wi datumtutuvesdamduludisgranady 169,620.00 Tulas
Tuans viSawinnu 0.16962 luand uwnutusuys €
USumsvesanseseravinnu 25 dadans wulumuls v

umtinluanavesdamdunifiv 121.16 niuselua wnulusuds Mw

g (0:16962) x.(25)

121,16 1000
¢ = 0.51377 a3y viawindu 513.77 Jaaniu

sl

A29819NMSATUIUAYTBBAZANTIATISRALUNAU

[Spiked] - [Sample]

AN % Recovery = Standard] x 100

Anudiuduresiamanlusatait 1 whiu 169.62 lulasTuans wnluiuys [Sample]

L 2 o boas 4 & >
AMILEITLYDS spiked sample el 1 windy 240.88 lulastaians unulusuus [Spiked]
(2 -l 4 - LI L3
muuiuressaraemIgudamsunAasluvitu 100.00 lulastuans

wnulusuwls [Standard]

240.88 - 169.62

ld % Recovery = _IHO_C-)E_ x 100

% Recovery = 71.26



Scientia Iranica F (2012) 19(3), 958-963

PZIN
N4
AR

Sharif University of Technology

Scientia Iranica
Transactions F: Nanotechnology
www.sciencedirect.com

Spectrophotometric determination of glutathione and cysteine based
on aggregation of colloidal gold nanoparticles

M.R. Hormozi-Nezhad ***, E. Seyedhosseini?, H. Robatjazi?

2 Department of Chemistry, Sharif University of Technology, Tehran, 11155-9516, Iran
® Institute for Nanoscience and Nanotechnology, Sharif University of Technology, Tehran, Iran

Received 29 January 2012; revised 21 February 2012; accepted 21 April 2012

Abstract We report herein' the development of a highly sensitive colorimeétric method for the

KEYWORDS

Gold nanoparticle; determination of cysteine and glutathiane, based on aggregation of the citrate capped gold nanoparticles
Amino acids: (Au NPs). This was exploited from high affinity of low-molecular-weight aminothiols towards the Au NPs
Cysteine; surface, which could induce displacement of the citrate sheli by the thiolate shell of target molecules,
Glutathione: resulting in aggregation of the NPs through intermolecular electrostatic interaction or hydrogen-bonding.
Colorimetric detection. As a result of aggregation, which can be affected by the ionic strength, pH and concentration of Au NPs,
the plasmon band at around 521 nm decreases gradually, along with formation of a new red shifted band.
The calibration curves, which are derived from the intensity ratios of absorbance at-640 nm and 650 nm
for cysteine and glutathione, respectively, to the original wavelength of 521 nm, display a linear relation
in the range of 1.x 107%-100 x 107 M cysteine and 5 x 107°-200 x 10® M glutathione. The obtained
detection limits (30 ) were 2.1 x 10-° M and 3.3 x 107° M for determination of cysteine and glutathione,

respectively.
© 2012 sharif University of Technology. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction contribution of cysteine and glutathione in HIV, diabetes, liver

The determination of low-molecular-weight -aminothiol
based biological molecules, such as cysteine (Cys) and glu-
tathione (GSH) (Scheme 1), in human plasma are becoming in=
creasingly important, due to exploration of their crucial role in
many biological pathways. Cysteine is sulfur containing non-
essential amino acids, which is critical to the metabolism of a
number of essential biochemicals, including coenzyme A, hep-
arin, biotin, and glutathione. The tripeptide glutathione (GSH),
a master antioxidant which is supplied by the cysteine, is the
main intracellular defence against oxidative stress, in addition
to regulating the action of antioxidants, such as vitamins C
and E, in the body. Recent studies have shown the significant
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E-mail address: hormozi@sharif.edu (M.R. Hormozi-Nezhad).
Peer review under responsibility of Sharif University of Technology.
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damage, heart diseases, mild cognitive impairment, edema,
pneumonia, skin lesions and other serious diseases [1-11].
Therefore, it is very important to find a sensitive, accurate
and simple method for the measurement of cysteine and glu-
tathione.

The majority of the currently available methods relating to
the detection of cysteine and glutathione are based on elec-
trochemical, immunoassay and chromatography techniques
that benefit from derivatization with chromophores or fluo-
rophores, or often carried out in conjunction with HPLC, GC, MS
and capillary electrophoresis [ 12-23]. Although these methods
can well sense aminothiols, their practical applications are lim-
ited because of suffering from some inherent drawbacks, such
as requiring complicated instrumentation, expensive biological
reagents or cumbersome sample preparation.

Gold nanoparticles (Au NPs) have received great attention
for potential biological analysis, in recent years, due to the
Surface Plasmon (SP) resonance phenomena, which is respon-
sible for their unique size and shape optical dependant prop-
erties [24.25]. Having high order of magnitude for extinction
coefficients, in addition to the dependence of surface plasmon
resonance wavelength and intensity on the dialectric constant

1026-3098 © 2012 Sharif University of Technology. Production and hosting by Elsevier B.V. All rights reserved.

doi:10.1016/jscient.2012.04.018
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Scheme 1:
glutathione.

Schematic illustration of the structures of (a) cysteine, and (b)

of the medium, Au NPs are emerging as a promising tool for
analysis of biologically active molecules through colorimetric
assay [26-28].

Herein, we have developed a simple and highly sensitive
colorimetric method for detection of both cysteine and
glutathione based on the aggregation size-dependent optical
property of citrate capped spherical Au NPs, throughemploying
the strong affinity characteristics of the thiol group towards
the surface of the Au NPs. The effects of affecting parameters,
including concentration of NPs, ion strength and- pH, have
been investigated to find the optimized condition, with highest
sensitivity and selectivity.

2. Reagent and apparatus

Thiol-containing amino acids, cystine (Cys, 97%) and glu-
tathione (Glu, 98%), and all other chemicals, such as hydrogen
tetra-chloroaurate (HAuCly, 99%), sodium citrate (99%), were
purchased from Merck and were used without further purifi-
cation. For the preparation of all samples, water purified with
cartridges from Millipore (Milli-Q) to a resistivity of 18 M2
was used. UV-vis spectroscopy was performed on a Lambda
25 (Perkin-Elmer, USA) spectrophotometer with the use of a
1.0 cm glass cell. Measurements of pH were made with a Denver
Instrument Model of 270 pH meter equipped with a Mettohm
glass electrode. Size distributions of the particles were obtained
using Zetasizer Viscotec 802 at ambient temperature. Trans-
mission Electron Microscopy (TEM) images were recorded with
a PHILIPS MC 10 TH microscope at an acceleration voltage of
100 KV.

3. Experimental
3.1. Procedure for preparation of Au NPs

Citrate-capped Au NPs with an average diameter of about
13.1 = 1.3 nm were synthesized following the method
pioneered by Turkevich et al. [29,30] inwhich a 50 mL solution
containing 1 mM of HAuCl, was prepared and heated under
reflux. At the boiling point, 5 mL of 38.8 mM trisodium citrate
were added to this solution under vigorous stirring and the
mixture was heated under reflux for an additional 30 min
during which the color changed to deep red, indicating the
formation of Au NPs. The solution was set aside to cool to
room temperature and stored at 4 “C for further utilization. The
particle concentration at the resulted solutions was estimated
to be 15 nM, according to Beer's law, and the extinction
coefficient (&) of about 13 nm Au NPs at 520 nm [31].

3.2. Procedure for determination of cysteine and glutathione

For the determination of cysteine, the solutions containing
2 mL of as-prepared Au NPs and 8 mL of Milli-Q water were
prepared in volumetric flasks. To these solutions, 100 pL of
1.0 M Nacl and different concentrations of cysteine were added,
one by one in order. For the determination of glutathione, the

same procedure was performed on a mixture containing 1 mLof
synthesized Au NPs and 9 mL of Milli-Q water, with pH adjusted
at 4.7 by 0.1 M of HCI. The absorbance spectra were recorded
at 3 min intervals, shortly after adding the analytes. It should
be noted that the order of the addition of the reagents is very
important. Alteration of the order of the addition of reagents
causes inaccurate results, with a low level of reproducibility.

4. Results and discussions

Thiol-containing amino acid molecules have high affinity to-
wards the surface of gold nanoparticles that can be finely de-
scribed by the hard-soft acid-base theory [32]. Displacement of
the citrate group shell with thiol-containing amino acids, such
as cysteine and glutathione, induces the aggregation process,
due to the hydrogen binding or electrostatic interaction be-
tween non-covalently adsorbed thiol-containing amino acids.
As a result of the aggregation, the surface plasmon resonance
absorption of AuNPs around 521 nm decreases, along with for-
mation of a new band at longer wavelength. This is due to the
near-field coupling in the resonant wavelength peak of the in-
teracting particles [33]. Figure 1 displays typical TEM and DLS
images and corresponding UV-vis absorption spectra of Au NPs,
before and upon the addition of certain quantities of cysteine in
appropriate ion strength. This clearly shows the effect of aggre-
gation on surface plasmon maxima, size and optical properties
of the Au NPs.

To establish the optimum analytical conditions for detection
of cysteine and glutathione, the effects of critical parameters,
including ion strength, pH and concentration of Au NPs, have
been investigated.

lon strength has a crucial role in the agg
can be attnbuted to rhe abmtyof €

£
strength), Au p;dﬁ-ndt undergo the aggregation, even at the
hgh;% W“ tion of cysteine or glutathione (Figure 2). Also,

it is found that by increasing the ion strength above a certain
limit, the aggregation of nanoparticles induces even in the
absence of analytes. Therefore, some controlled experiments
were conducted that have revealed the concentration of 10 mM
of NaCl as optimized in which there is aggregation not in the
absence, but only in'the presence of our target analytes.

4.2. Effectof pH

Because of the presence of hydroxyl, carboxyl and amine
groups in cysteine and glutathione, pH is another critical
parameter that should be taken into consideration. As shown
in Scheme 2 (a), electrostatic interactions are the mainly
responsible for aggregation of Au NPs in the presence of
cysteine. With this in mind, to increase the possibility of
electrostatic interaction, the best condition is attainable in
which the cysteine molecule is available in the form of
zwitterions. This also could be confirmed based on the stock
diagram of cysteine in which the zwittérion form has a greater
contribution in the range of pH = 3-pH = 7 [34]. As shown in
Figure 3, the synthesized Au NPs are stable in the range of pH of
4.5 and 10. Therefore, further adjustment of pH was eliminated
in the case of cysteine. Based on the fact that the initial pH of
synthesized Au NPs is found to be about 6.
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Figure 1: (a) Typical TEM images:; (b) corresponding UV-vis absorption spectra; and (c) size distribution of the Au NPs before and upon the addition of certain

quantity of cysteine.
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Figure 2: Variation in the surface plasmon maxima of Au NPs in the presence of
10 uM cysteine (a) in the absence of NaCl, and (b) upon the addition of 100 pL
of 10 mM NaCl (time interval to record each spectrum is 3 min),

The aggregation mechanism for glutathione (Scheme 2(b))
benefits from a hydrogen bonding strategy, which demands
a very precise view over the controlling of pH. We found,

a 9]

Scheme 2: Schematic illustration of the aggregation mechanism for (a)
cysteine, and (b) glutathione,

in the case of glutathione, no aggregation could be induced
at the initial pH of the synthesized Au NPs (pH 6). This
can be ascribed to the electrostatic repulsion between nega-
tively charged carboxylic groups in the forms of zwitterions
(NH3 /COO~ /SH/CO0™) and negatively charged citrate shells.
However, by adjusting pH at acidic environment at which the
carboxylic groups have their protonated form, the aggregation
could be induced. We also investigated the anti-aggregation
process for glutathione in which the color and corresponding
UV-vis absorption spectra of the aggregated solution of glu-
tathione-Au NPs were restored to the initial state, upon increas-
ing the pH at 40 °C (Figure 4), due to the weaker hydrogen bond-
ing interactions. This further confirmed contribution of hydro-
gen bonding regarding aggregation of Au NPs in the presence of
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Figure 3: Effect of pH on the self-aggregation of Au:NPs in the absence of
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Figure 4: Anti-aggregation of the glutathione-induced aggregated Au NPs by
increasing the pH at 40 °C. (a) Au NPs at pH = 6:(b) aggregated particles at
pH =6.0; (c)at pH = 7.0; and (d) atpH = 9.0.

glutathione. Hence, by considering the fact that Au NPs are not
stable at a pH below 4.5, we proposed pH 4.7 for further exper-
iments relating to the determination of glutathione.

4.3. Effect of concentration of Au NPs

To further optimize the sensitivity -and selectivity of the
method, we investigated the effect of the concentration of Au
NPs on the aggregation process in the presence of 10 uM
cysteine and 10 mM NaCl. As shown in Figure 5(a), for
cysteine, the rate of aggregation increases with an increase
in the concentration of NPs. However, higher concentrations
of gold nanoparticles suffer from a limited linear range of
detection. Therefore, based on the preliminary experiments,
a concentration of 3 nM of the NPs at the final solution
was selected for further experiments, which benefits from
both acceptable linear range and reasonable time to complete
the detection process. However, the obtained results for
glutathione have revealed a decrease in the rate of aggregation
by increasing the concentration of nanoparticles as shown in
Figure 5(b). Herein, the concentration of 1.5 nM was selected
for further measurements.

4.4. Analytical figures of merit

The linear ranges for determination of cyeteine and glu-
tathione were evaluated under their optimum conditions.
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Figure 5: Effect of NPs concentration on aggregation rate in the presence of (a)
10 WM of cysteine, and (b) 20 M of glutathione.

Figure 6(a) shows a linear relation between the ratio of Ags/
Aszy and concentration of cysteine in the range of 1.0-100 uM.
For glutathione, a linear range could be achieved between the
ratio of Agso/Aszy and concentration of 5-200 M (Figure 6(b)).
The lower limit of detection for determination of cyeteine and
glutathione at a signal-to-noise ratio of3 (30 ) were 2.1 uM and
3.3 uM, respectively. The study of precision, which was made
with five independent experiments, revealed relative standard
deviations (% RSD) of 1.8% and 4.1% for determination of 10 and
20 j.M of cysteine and glutathione, respectively.

4.5, Interference study

To assess the selectivity of the proposed method, an analysis
of a standard solution of cysteine (10 M) and glutathione
(20 wM) were independently conducted, under their optimum
conditions and in the presence of foreign metal ions and amino
acids, with the possibility of interference. As shown in Figure 7,
a wide range of presented species do not interfere, even at
concentrations 50 times higher than those of the analytes.

4.6. Real sample analysis

The optimized method was applied for the determination
of cysteine and glutathione in Ringer's serum as a real
sample. Certain amounts of cysteine and glutathione were
independently spiked into the real samples, and subsequently
their concentrations were determined in each sample. The
results given in Table 1 show the potential and feasibility
of the developed method for determination of cysteine and
glutathione in the real samples. It should be noted that



962 M.R. Hormozi-Nezhad et al. / Scientia Iranica, Transactions F: Nanotechnology 19 (2012) 958-963

a 0.401 e

-
1.1 R==0.989

0.35
0.9

0.7

Asao/Asn

0.30 1

¢ 025!

£ 0.20 0 Go 8o 100

=< 0.15
0.10!

0.05

0.00 —
400 500 600 700 80O 900

Wavelength (nm)

| m?=0.990

o —.'-II-.I“- I(-Mkﬂ_-libﬂ ‘i)ll

Caen (M)

Absorbance

0.00 e e S
400 500 600 no 80O $00
Wavelength (1um)

Figure 6: A typical absorption spectra of Au NPs upon adding certain quantity
of (a) cysteine, and (b) glutathione (the insets are corresponding calibration
curve in the ranges of 1-100 M and 5-200 M for cysteine and glutathione,

respectively).

Table 1: Determination of cysteine and glutathione in Ringé'r‘s serum.

Analyte Spiked (M) Measured (M) Recovery %
30 32.35 108
Cysteine 50 52.29 104
70 7330 104
15 16.2 108
Glutathione 50 5125 102
170 174.13 102

Table 2: Determination of cysteine in the presence of glutathione.

Glutathione (M) Spiked Measured Recovery
cysteine (LM) cysteine (M) (cysteine) %

200 10 9.6 96

200 15 15.68 104

200 20 20.36 102

200 30 294 98

glutathione is usually considered the most predominant
interference for determination of cysteine. Therefore, some
experiments were conducted in order to determine cysteine
in the presence of glutathione. For this purpose, different
quantities of cysteine were spiked into the solution of the ringer
serum containing 200 uM of glutathione. It is found that by
controlling pH at 6.0 in which the glutathione molecules could
not affect the aggregation process, the cysteine quantity could
be measured with an acceptable recovery percentage as shown
in Table 2.
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Figure 7: The interference study for (a) 10 uMof cysteine (at pH 6.0), and (b)
20 pM of glutathione (ar pH 4.7) in the presence of interfering species with
concentration of 50 times higher than those of analytes.

5. Conclusion

in summary, the potential and feasibility of Au NPs for the
colorimetric determination of cysteine and glutathione have
been demonstrated. The developed methodology, based on
analyte-induced aggregation of NPs;, could achieve a quantifi-
cation limit at low levels, and good linearity, accompanied by
acceptable accuracy and reproducibility, permitting determi-
nation of cysteine and glutathione in the ringer serum. There
are further developments to investigate its clinical potential for
determination of trace amounts of other targets of interest in
biological samples.
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Following depletion-induced fractionation of the mixture of nanorods (NRs) and
spherical nanoparticles (NPs), no aggregation of NRs occurred in the system. After the
removal of the supernatant containing the spherical NPs and short NRs, the precipitation
of NRs was redispersed in deionized water. Figure S1 illustrates the absorbance spectra
of NRs before and after their fractionation by depletion-induced precipitation. After
purification, the transvérse surface plasmon resonance (SPR) peak was blue shifted to
505 nm with much less intensity compared to that of as-synthesized NRs, due to the
removal of spherical NPs ‘which exhibit a characteristic-absorbance peak centered at 530

nm. The longitudinal SPR peak became narrower and slightly red-shifted.
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Figure S1. Absorbance spectra of the solution of as-prepared gold nanorods (solid line)
and after purification by depletion (dashed line).

Figure S2. Dark field tramsmission eleletronic microscopy image of Au NRs after depletion.
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Figure S3. Dark field TEM images of the representative chains of the NRs formed after 4 h self-
assembly at (A) [NaCl]=100 uM and (B) [NaCl]=300 uM. The scale bars are'200 nm.
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Figure S4. Temporal change up to 16 hours in Ak spg for the NRs organized in chains in
the DMF/water mixture at [NaCl} of 50uM (<), 100uM (@), 150uM (), 200uM (@),
and 300uM (4), and [CaCls} of 50 pM ().
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Figure S5. Variation in {-potential of gold NRs covered with CTAB in the mixtures of
DMF/water at different concentrations of DMF, Cpme.





