[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

YYY-YON (8 o lack) 14 0,590 A¥A4 yul —als )& .l pl acusd galie g Caalaa ddae

095 812 31590 Ml » (5 0l g (o g ST R o0 CSlw g 21D
Celid 4 o (51995 (Blo 39 (wigig g

‘*aé\j&f u).,\mn ;YQ_}\?U_)‘Y )BL: f,\_z,\_ij_é u‘fﬁ urﬂé)'?.- 6:[;;.» > gazwe Lo L\QLMJ“}M,:/};- )L:ALS

o AS>

-

5+ (GNPS)ML i3 5 5 (Cr.6) 1=01 S=VA (FGO) st slm! 31 S eS| fold ik 25 50elS 56 S candllan ) s dadia
o3l | o 55 Sole g pliand 5 80 (8ol 5 ) gz 5 48 S 13 (GCE) sladnd 08 55,580 G mbae (55,
sl 03 S

A by SIS aslie 5o b sl Al dd slae sl s SEM iy Lol astle CulswlS 60 (5558550 tla 29,
B st 5 it 5 5SS o5l (AR) Sy 5l dod (DA) ol 5 il (53130 5 3am 53 B-HT) 555 1 S lags o
1255 plol s (S5 e 53 35 50 p g Sl Salitlle Ol sy oS (L-Trp)

Sty sy Sl esliinl b o 85 s el Gl ) hduals ) pled 5 SN ()50 Sl eds b e tlaaddl
b 58 M6 Ol ST bty 5 Ol oot sl g5 5ualS 50 5 i g e om0 5 13 OLES (SWV) 0 50
Slestial b mls 5 J 28 05 S (gl p el oslel _abls glaw sa 53 0555w (81 (LOD) o 35 A op 5ol als LS
bl ghls o wrle K> d a bwe 1) e S5 See 0/) 50/ ssde LS SO HPLC i, 5 0dd 2ol | STl
ol 25 mSN als Ol 5 555 e Sromis Sl 1y (2VL s SISO Sl 5 (ol 5 oo sl 5 LB Gl 5 s 00
Sl QLS 3 g5 5l plileal gy basglie 5o 1 7Y spd ansly glast 574V 550> 55 s Slews oLk el

ol | 3550 b3 Olle 3 pln 355 it T 6l abs Sl Olyoas Llg o s 45 A 5o il (g S aomsd
35S Ol

2l s oable ol s SN (sla iy (i o5 5008 50 S sl g i 555 e g hS O30

U.Ji“dljéj AQ‘J,.@ ‘_;{&J.‘r r)l& AKJ,J\: ;V_»._J)JLZA}:J.& J}ﬁ}‘_éjlﬂ“ r}l&da.&;&)}’ U)—......»)fdzu.:bﬁ;jﬁ—\
Q.ﬂ‘;db@ﬁ hu‘.JéjL;v;jr}bé&:d.ihrﬁjybﬂjﬁﬁwjbr}bdb-@}}hr——v:J)JL:‘)J-WQLE-:bﬁ';f_Y
Olnl 0l 0l (S5 p ke olSisls (o plin 5 508 JsS0 50 = Jsho oo goaSin s (bl (Ko 5 Sloos Jshe Sliio S50 -1

Ol Ol 0l o5 o ke sy mrh (S0 USESNS ety o5 panh 03 8 —E

I@gﬁ‘w\%&\gdﬁ‘a}kbm‘gkt\‘ ‘S)Lg‘w‘)dao;e_i‘):hg.ﬁu‘d‘)‘m:m‘JTJLtLE‘U‘HWA‘;J}xﬂ)@ﬁ‘r.lLbj.l'*

Khoramza@tums.ac.ir :Sus o 5<I cug o YAAAYY -+ 0F & slad o YVAAYY - TA 0B A EVIVATANA

VFA4/0 /N4 el gyl VWAR/F/YY sl Sl 93 0 g )5 VFA4/4 Y/VA bl ya gyl


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

YYo Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

Ole 53 [N] Llaz 85 ssli ol 5550 Wol&ws ol 53 (5l
(o Comala Vb ol Gl ey 318 56 ol 56
s e e
Od s ele 5 (6 pds g A9 s i b SIS r\ia:,.»l
S 55 bty S sla S gy ol (4 DL
sl 56 5 3 5651 il gl [VY] 50 deal gt s
Oead 5 (38 ST I3 50 (D3l (0 S 5l g 5L dle)
Sl Jrt= I sl sl sy oa DS 5 5 ba ek, gl
st S35 b Sis s G Ce b glalie ct L
Sl dacd iy wbs e 0N ] ol ok sslina ol
Skl Lol 5 s (6ol 6 Bias gn plar s 5SUI
5 Gl s eadate IS e Jlee 5 axlls (6390000 3 118
o 03 33 3y (50505 Bl s e o) (65 8%
S ol slaad (b )50 o S e g Sl gl sl
ol Pl s el 55 s i3 gl (52 SN IS
S S 80555 6 S el 4 SV 3l (65 sdan
S S b b g S Gl Olpeay S3L 5 el 3l

IV] dlesstls 5 o JolS slanmnslS Sl 3 (oloy I
Gl ls S g (559555 5t st 5l esliul 151
S5 O mat o 5 e ladases 53 ad S pe g (53l ST
b Ll slalpl )l sds 5518 W0s 5 ad s
o 53 (S5 P eyl p g ) sl s e
03558 (Bl o T S W lad 03 P35 L T S

oW
Gl KT (gl 5T bl gl bsy b i (S b
Lo 53,08 gl sl odd b ol s tanidl 5,5
S S o3l glaslnl 3 bais oy s (S5 s
YT Q| W3-\ P WIRGIWC R R PR Y Y R WP N
R INTETIE B IUT V-5 SRV O - JVR ORG-S 5 1N
o 035 ol Jdoa S e S dia b el S5
bl 955 b g s Sell U5 5 el Bs b
5 Sl ey S gla S 6,8 515 1 e W

¥ Redox
* Nanopipettes

PRV

S a3y Ol ol 53 Gl 5 e 5 S e Lol e 5l by
bl 5 S B la plo U e 5l il slas e 2
o 6 ADF) s e O 16 bl 3 oo |08 50
Lilodd Die Culis 45,8 O gk £10 350 Olg poul s 55 YN0
WY & Ol o Vet Jlw b cubs ot o530 soh
Golew ol oo 5308 i 5 ol ol oS dwe 5 Aalt 5 O s
35l 53 alay gt adlate 43 oS 55 0l s [V-] das s 0L I
o I1 [0 ] diees Slis Cubis 4 OYLS 55 Camax Y 31 i
et Coeal 5 b pasis s (lew 385 bl 5 S
3390 el 3 (g3date la g, a STl lsy
5SSl gla sy Oa Oloean bl e oxliiws | Jl= o
i 0 4 O e Jl e 53 5 S e ccsbia LT
o o gla Sirs abardis S0 (sla S 3, 5 0
a5 Gl lekiS sl slaay § 5 s o w11 (2L
35 3 (gadate Plas jgp b opl bz ool 53 b
3yg0 " Jowe 53 e (5l s cpl 5 el 5 L3 L oS
2B S s gla Sem b isd o 5 a8 S 5 e
3L i (23l Ol 5o s el 50550 e s 4
Sl ol ol ol 5 o3l 28l 15 5 Ko (slad god GJJTC"'*
s b ramen [VAAl Wl o (63,08 5 5 eyl
S Gt 5 p ks gl gladie 5 e (s R (sl
S S Algis p o JUE s gdos 5 als ol ols
gt b pbard s 5S0 (sla S (g3l LSS ol Sl
Dialed Sl salthe s 05 | gl Wl o Sl 1 SlS
SIS 23 by 53 T 51 s sslial 4 liws (5l cdins

LAV T ey o B (5552
3l a5 5l osliiad b s K s b oy oS0l el 5 10
Too sl Bl Ol 5 e (Sl gl Al il
PSS wile syl i Tl ol 03 S sloeyl VU

o g SR Sla s 5pelS U e sl 5 D350

' International Diabetes Federation
¥ Diagnostic point-of-care


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas YYys

CISVY B /e 5 Lol (o3 5dome 53 (CV) ' (glas 5 (g el s
R N N R R e
5055 I3 s p 3y PH pslis 5 Sl Ol el s
Clale V] s Ol eslizal (6] 5 odel ozt (Gaom o g
g 3535 3 2besl 3,56 1GO 5 GNP Cilise (gla
St Sl [VE] s bl o salS sag ol e o g
Ol 2 00 & Ve oV NaHe 2) e Y 0 1GO
s A sles b5 as ol (ke » 05 Le V) GO
Cola ) Sdeas Gl Jgowe 0T 51y A3 0 55l Sl
T gles 3 0s St Sl 13 et eslel Jglome s SIS,
5 JSBIL L i ol YE 3000 (gl o Sl (gem
A (6134 GBI glas 3 eslizal (gl 5 ol s Jlade

0 4 fo (ghdnaFls

A b S e 555l ge eld 4 e ol g

CEM) js 5858550 5 phaw saslllas

a5 Ayl 53 S 5B a3l 5 o (659 550 ¢S bl
A eslanal bl G SEM SUST5 ls 28

eles Ll H(EIS)  plasd s S sl i ib LT
ol S s 3 s 2ol GCE 5 GCE ) sl las g S
Ve e YO FE(CN)e* (ol ilws b pioman 5 ¥ 50 Juo 0
ol 5 03 gk 53 g S pl s 5 S35 B s 2550
ety 5 S5 o e Jonily 5 58 /N B e G Y
Vit PH L (Sad lied 3L Jshe 5o sy oo Ve sline
A5 S esliad S s e Ve e Vor bl ol oS

3 8 S g0 dS e a s bs e et KU s s0d

905 (g 3kwoslel 5 ulis 4 M |5 Al Juke

125 ple (6,154 Lyl 15

3 2K S, S S (Danio rerio) |y iy ale slad g
S 4y agdal 3 O3be 0355 5 0l My OF o s
5 wis K Pl Sdeny a sl CL‘J Ad (Gl s S

ol Nt Jal s L) ARST Ll 5 5 3 g0 (lap sl ST

LS ey Ol S S (BT Il s 55 1) s L 2
(e il ) o T (la s b alie 3
ST sl 15 a5 (sla S (1S 555

DT 853 850 5 ADlal s (sls el 555 5
St g 3 Aol plul s ) S il o3z ol s
S0 2 S5k o5 SRk Sl bt S la i,
I [P FEEN E PR NN ICYRRSNINE - I Pl
O30 S Olpsa HPLC ) 5l eslnal (yizman 5 0 00
dd J S Lol 5 okl b e b il g 30k
Oib b (Sabs 0 Mas 15 8l 035, 51 el elal ylows )
Uy g Se3ll cpl » osdle ol o3 EXVIVO plLSg
plosil 2bs 5 J 28 05 8 53 05 s Silese Olsisar (555 e
0 2050055 33l b $s e Olge OV sl 5 0

RO PL

YY)
sl ol 36 s s S 1l 5 b 56 a3 asllls oyl
5B 3. by O s sl glaslas by 5 5elS 5L L5
fujmy,;c\jsm)@g;é\ﬂfu@m;mwmp;
Ol o 55 anlllas p g 56 53 5 3 8 oy 50 2L (ol 05
ol b L5 5elS $U a5 1y ale 8L (G4 500 5 55 e
S35 8 Gl asse B at2s Olgeas HPLC LS s

S Ikl (gl jlms b oS S0 0L5,0 5 5l

00 Ll 31 8 sl p CojamlS 5 b)) 5 el

Sy 5oy MU 36U 5 el Ll 31 S Tl andllas ol s
e Ll 318 Lol o 5 50l 56 s B 5513 L5
welsl s s el 3 (C1B) =51 O SIA 5 S Sl 4k
O 35,50 0 olS 35,80 (55 2 o oslal g 5l 50
23 S ) eslinad 558 55 e (S ,S eIl g s A esls I 3

0dd -l oy 5uelS 5 b edd #30ol GCE sl

' Cyclic voltammetry


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

Yyv Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

Voo Colg o s Ve 00 Slaclale 5l alS a4 Oty 5l ey
v‘ob1mﬂ_,:;¢l,gt ol Cela )Y Sotens (Ve L
ol gl O 3 Lle Sromis g LSS 2 Sl 2o e
)\;;ﬁg,,\{qpmj\;@;@;\o ooty s A
55 b 55 (S e 2SS g ST 5L s sl
5 ale 03 oIS > o 3l g 50 03l 513 I3l Jsloms
osba a SIS G 5 Osls YA L O A e 5 A e
e ol 05 U828 S S e s S e s
033, 348 ¥ (gl 450 Gl o 43 A sl 2 pp S
O S S s 3 e aniS g L;Ladmju.m@u
el SIS 5 S Yo 5 e A e ) e 5
35 33 @05 O 51y s Bl Crgds Son Olas Jls
T gl o 5.2 S 5 505 ses o s Jotls 43 4B\ Y
s 5> s S w0dd 4 Sladised Tl (35 S
BEEYIRAREE l{:\jf&:}l.ﬂo.-):i Slos 5o Hladleese g Sla
BB R i olal Slad gad Al 0dls Sl 3 4dds Ve e adds
O3 el 3550 33 3550 (sla0 gol plowl g 5 0 (516K

ROt

oty 7S S 5l o3lital b oy g (250 5 St

IS 2578 655 g odkd eled I F 5 i
Slasle )3 (gs e Sboy Sl el il )5 5y S
b S5 bl s cabis e S Ly b S5
Pl OV s, b AS lalsesl g G el (sla LB
o A oS Sl geil g 0wl S s 5 0l
533k 350 S0 se3l mman 5 s 035 IS 5 5 ik
SWV s 4 e 5 485 13 o) 3050 (550 Slale
N e W A CUUMI W VR I8 15 Rl
DDCV Gy Vs S Voe Chle b g, & e
PY O PRV RPN IR PR V) B RIS [ W AR

YSupernatant

(o Kl e s YA (gl ESPRSTHNERRCS R RSP
plod s adss Artemia b 5, 55 5L g5 bapale ails I3
ssbas ki Sl 5 aslizad 3550 Silesl cul s ST 15 sla als

L sl (e Vs pm) Wl sla ol 51 sl

25 Al 05303 esbel ol o

2550 S8 Jsloee (e ole Sl b o> Jole sl (6l
235 5 esliz

(DM) 2bs o5 8

oS sla Sl s S sk e aS b sl w
(adgws 0 p S e Yoo) SIS 5 52 5 (Hyperglycemia)
Hlos g Ll cpl 53 555 ¥ Pl e 5 Aneen

JRS 0g 8

035 DM o3 5 il 335 5 (g l3a5 Llodd 51058 ol sla_ale
A ol (Sland 30) (g 3L Lamme 53 SIS (sl w0 Js
e 5 los e diile 5L 550 sl el plad B8 05 S 53 5o
2509 S A3 e 35 g SSS S po
RCI Y ol ol

S5 LY g 348 \Y slis 4 DM 65 S )

)\JQJL{Y' Sl b osae VY J‘MQJ}S@);?.Y

125 (2l 3l 035 (58905 3lmoslal 5 035 23

Sasd ) ale (o) 3l edd g gladised )3l 5 e dle
awslis g HPLC 5 S < 3 Spike &y oot 510kl
A3 Ol bl (gl G cpl 5 23 8 3 ) ne
(‘)ﬁ)‘)ﬂ s Shdea e SU8 0338 iy 5l bale O
Sde b by sl Ols s e S S e s eslis|
© Obale o gy gba A sl 1) 3 e SVY 4 i 55,4
(’;M) Chdr g S8 Noe Leor Slle s 55,7 O
e \~~¢£J§JJWAJ§{.;)‘)JY’ Sdeas O o s G
e Yoo Sl 5 55, T e Sulg 0 A (wa*‘\) Ny
23133 Ol i) 53 3 Slodea g SIS () s 0 SVY) Y
il glasles 3 e pale O A3 Ol Jowew (gl UG

' Eugenol


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas YYA

SN g ooy 2SU glaie b o s 43 0l
SSe il (gl bl 035538 ST 3l piaman A 3L
o3lel S4 e o (gl Al eslinal ol olal S 5ol 33 1 S g
X/0) o a3lil 1 55 e s (Slacdale b J gk sle ok
Jloms 03 8 Lo sy 5 gloee G 5 GV 505 Se V0 5 V/0 00
M PBS loms 3l o3l ol (slo ghoms A5 07 5
53 NAS 335 g s 5l 1 s Y s sas (PH V/E) +/)
y /el als 53 BT sl L SWV b 5l esles
ol 5,80 S 5 54l p il e )rr awls Lty AL
o3 cotle Sl o aslal (glads a5 (81 5 O gonsl oIS ot ¢ msms A
e 5> ot O ol (S oo Sld 8 w5 ol 4 D
LOD . eslzasl 0 555 v Ol3en 5 LOD dnslomes (65 S gons S
0553y Uggn kb dplons HPLC 255 25l sl ol o (s
2odd b e o) el st Ol s el
) el 6358l S g e cils glacbale I (el s Koo >
B B N R Gy
A

S Sl

S S 5 el s s ol Ly e el ol o e
ize) " AT Sl el Jgo " 53 eld i 5
s3edd el 5 (Lulg o denns 50 YA ool 3 ol
A el Sl s ) e IS5 5 (1497 Ul

Sl sla0 3]

s test & 55T Olgeas pimmen 4) Vol St teSt O g
QﬁéijQWl OD\))I@DQ)MB&A%(Q}JQJ als
o3lizal 3550 |3 oale 3l ol aslel _wbs 5 J xS 05 S 55 (glad sei
5341 GraphPad prism 8.0.1 il 5 5l esliza | laesls .23 S\ 3
33 /00 5l xS G5l cpl gl (P-Value) lskias s

A as S L

® Real samples
* Spiked standard addition
¥ Unpaired t-test

Voo O Ly G e ) ety (e sdee ) SWV
m S S Ml (520 35 el iy s
IS AS dSa by sl o s plnil b 315 L5
gainn CLE L g e LSS e (e 02 5k
258 3 5 s e se Y ges See Ve

s 035 IS 5 5 Ikl gt 4gs

ags V05 Ko (/01 =1) 03 gdms I 1y 359y iliee glac il
"l ol o3l |3l | e e g 5 0
Gl 3 5 s Gl D252 (2 5 sl (g5 (LOD)
Al il e gl

A% 5 (Reliability) s sbezsl Bl «omolais| cpuss

Yo.

r""‘".?“"

Fdlslie gl Jglowe b s | b s Coolai o
S 5 ol 06 5 5598 S Al L) St
Sl Jsloms 0 pde )y shinns e 5 (S S
&:,3;)‘}Jlﬂ))\))fﬁ“bbﬁ&&wﬁ}ﬁbbl&;)
odd il g gl ses Reliability

J)(&Llw\&))ja.l.i ‘f‘)bvnnm.fﬂ Lhmw&\?hilu
J&ALS‘”ﬁ)gf:’j:’.))—“"u‘ﬂ“:‘ij)‘)ﬁg;’!))‘ﬁjj‘df?°)“’u
W.\;M Mﬂ&aﬁ&l{}oﬁ Lgﬂfoj‘.ua.lﬁz f‘}b
o Y I8 31 ey G slos 3 o 4l s 50nS 5 (5L

258 N s 25

o bl M 50 aBly Glak gad 53 iy g e (5 S 01N

s 9 d S e 8 5
Ao o35y 3l el aslel (sladi god 43 s ($SeIN Sl
A ol W GCE (555 el atloe o35l 5l 515 sla

oty S35 L 6 gas S tweslal Sl 6 s ool Covssay o5l pos

' Amplitude

¥ Limit of detection
¥ System stability

¥ Interference


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

Yva wSly g (5 a0l biasdi g S Siua g AL g ol i) (Sas g o)) 0,8

VUSSE 3 S 5 sbolens (ool sl esls o s aud sc b
gl (55 (51 TGO-GNP 51GO sisesls (2les b 58 oo
VUSE 53  lg CoiselS b s o s eslizd GCE
Tl 02 CHES b S pe LCEE ol ools QL C a3
CHES @5 b ke sl el 5 el o]y 5y S
S g I 2 S e (55, p S selS S
5 1GO L;Ladwgg,,,;qdawgwupﬁm
sl atle o5l S0 5T EDX (glaesls 555 0 TGO-GNPs
BRCNEPW S STVAZAR APSN TP A RUINUE ) I U5

- Au 214 0.14
500 10000  100.00

20000

L asl

b3 ot e andlas ol sl ol ol aslllas sl il
oA 4 fom) (bl

aalllae (51 SEM todd Mol GCE pelaws (65458550 (oo 2
SISEM 5 eslizd o -5sl GCE il = glawr (59585 50
rGO- 5 IGO-GNPS/GCE « IGO/GCE ilisus (slacy j 5alS
oS ¥ 5\ Jols Ciliss gla alis 5> s GNPs-Cr.6/GCE
ol e i glaesls 5 oel Csas el Yeu 500

C 7881 8401
N 5.25 4.80

[N 1380 1105

ke
10000
E AuMB
o D ) A Aull  AulgkeV
T T T

1000

(d 9rGO-GNPs-Cr.6 (crGO-GNPs (b . rGO (agtw 58198 )90 ,S0bLas Alids qubids ¥ 4o FE-SEM s gliai -V Jsii

S p o |y o palS 5 3 sl pam 45 EDX (slassls

' Trapping


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas Y¥.

rGO- ujslS 4 Crb 0558l .cosl b D13 50 g
ol 5 ods gl Sy a5 LB 150 sl GNPs
sld Sute oS Hlie 35 GCE L aslie 53 genlilS]
Sl o 5l 53 35 2 esMe CRL6 Od Lol Lo
Sl 1S 5 ol dls (o go sl el CLL6 ok
sl Sl Sy s e S 5L 53 s e ols
355 51 Gl 2 W asd I3 GCE 55 580l 6 o olgs
Vaes Ko Vo clle s 0L > Sl s ez Ol
OLES |y el Soe 0/4 350> Sy GCE eslizal b oy 55
S So3pelS S0 Sl eslinad b el 3 Oles 55 4ol L ol

23 0las 1 el 5 K VY 350> (g3ue 0L >

80
70
60
50
40
30
20
10

0

-10

Current (LA)

0.4

@) Sz SWV 5 CV g, 4 et s 2501 sla 50T

BP9 e S
TGO « GCE Jals ok #3lul 35,501 placis xS 5 Shas
rGO-GNPs- ous atl oy 5508 650 5 Cr.6 rGO-GNPs
Ver Uyl 53 OV glais 531 5JGT 51 eslinsd L Cr6
L 5IPBS (DH=Y/8) 55 (55 5 o 5l 0k o3lel [Y 505 So
Lo T Glacsly (Y JS8) 23S 13 e 2550 AS
Al L Ko opjmeS 53 1GO 5 GCE (glass 53U L
el 5ok 0l 1GO 4 GNPs &S jloj sl Ky b
el 4Bl 51581 0S5 53 o TGO-GNPS 5 5elS” |55

5335550 65 o SIS Oljee A5 Jdoas SRal530

0.6 . 1

Potential (V)

J@agﬁommuaf‘}w&yuerO—GNPs IGO Jolis GCE (59, p 50 9l 50 930 (sl yo da dla yo ooy g =Y JSudi
CV (g o il G (Aus oalay ) i (SY g0 gySe ) v+ GUALE) (5l 5 g pou

Iy 0L, ol 5 Y/0 350> rGO-GNPs 5568 L S 5 s
e a4 1 eesly S el (053 GCE L aglie s
ACAR APRCAPIY) i P EUNEL LI P WO SO TP et
Olas (¥ IS2) Las s 1m0l S SWVIUT by 201 Sl
JSK& 5,8 050 1GO 3GNPs LCr6 .S 5 Jsas YL

W35 el e a0 b 3 5 03 S Ll 4 das e 0L

ek atle G586l s Sly3 6 3 SWV sla s
055 3Ll b oS el o asls OLES ¥ IS s GCEgs,
(PH=Y/£) 4 (555 3 0t o3lol Y g5 Son Vov J shome
Lol e 5,80 LSS 5Ly AL o/ wuls 5 PBS
PR N e S RTTPII U PPt RO
Lol 6b s BB sba Jeily 5 0k Sy
0350 8 50 O pldinS] Leilty 655 oS TGO <l
Cr6 51 2l e 53 0,5 ko +/0T Jslme Sl eslinal L o


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

AR Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

&j_}ﬁ)‘y?}& Voo C,.E.L.bjb UL{.JP' 8(})5 A e
55 enls Olis 1y uely S Y/A Uslas Sy GCE esliza L
S Lol Oles 5 ol S selS 50 5l eslinal L aS 5 50

.;\:QUA;;}-)\\));AT}J&»W\ 3 9d>- (gade OL

LS 352 15 (5515 /8 550 131 GCE 501

8 -
——GCE
"1 —rco
6 - Crown-6
—GNPs
—~5 4
3 ——rGO.GNPs
E 4 1 ——Nanocomposite
= 3
3 I~
2 -
1 -’
0 _ - L) L) L) L] L] L}
0 0.1 0.2 0.3 0.4 0.5 0.6

Potential (V)

oudds didley i) gaels g3ls g FGO-GNPs .Cr.6 GNPs GO ol GCE (59, yu 55 90 3190 830U dlas g0 da dhas po sy o ¥ S

SWV gy as cntllil o (s oula iyl g (GY gagsSse V o+ ALE) (3 959 pous planion g

o505 (0) 0 UK 53 30l 8 55 s O el benaST 2S5 55 1
st 0L 15 CLB L sl =5l GCE 4 by o ot 5S40
5 05 QUi Caslie LmalS SILE lsses ol s
e 5SGL Sl 503 (€) 0 IS 53 sl 55 85 O gaerl eS|
s als 0L b 3 b L et Ml GOE 4 by
SV Joled o & 85 e OppldenST Lanslie &S 2l
S 55 o 53 = 513035 78 glas S Wb aiSes
Sleses @) 0 Ko s cl oS uy tals GCE
S8l ST 38 L sld 5ol GCE g by, o o S0
o) 35 e edalie oS 5 sbolen 5 Sl 0l ssls OLE 4l
Jloe 5wl sl 05l JE) gl 5l
e S
SM Shs SU L e s e e S Caol O3

St S S pam 3 g el O gl bS] o lis

okt 3ol 53 2 i plaainis g EIS

LS 03 2 S e Ll ) g EIS
Yor Fe(CN)g* ool sl s b coman 5 ¥ go o 0 ool
sy I g Saslie alS 5l Olabl g s e
) 3 e b gl b 03l | GCE ) s 01 5o
GCE b o slie 05ue 45 a3 o 0L K5 3 Las g 23
S eI ReT= 140 Q Dlse ity Cu 3ol 5L Lot s |
S Sl DL W F 5 5 Gl Sl (godins DL
(6 JS2) ol 0 ol sl s 1Sl o
CRRST | e RC N U P LR LRGN PRYA TS PRES
Slals g plad g Ao S Sl ol (go3 sudome Ol g
Db L 00l Jasl sl SOLE el b e 5SOU
Dlged @) 0 IS 53 a0 8w O gael ST 5 (Re)


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas Y¥Y

bl dg)'x»tsm.g;wlu:.fcﬁfumlf S35
OTL 5wl Crb 5 anl mals ast -3l § olb o3
IS 3 48 0T e 5O lsgad 5 43 S sl GCE b

s S WS e edalin (F) 0

GCE ;5 ol alu asle 53 cpl 5 ujselS canl ials
0 JSCE 5 O by e et 5Ll sa5 oS 13 8 S
S o0 odalis o« ))Jaol.o.a 5 el s eals OLES (B)
b G g OS] 3 05 S JUaS) s gl
G5 ooaS g Shals b b 50 L edd 2Ol 5y S

3000 ’
----- GCE s 4
’
—_— e GO / ’. /’
2500 / ‘ 4
GNPs / ! 4
f'- , ”
— . - rGO-GNPs / ' -
2000 / ! -~
--------- rGO-GNPs-Cr-6 -~ / ! -
~ V4 ! "l
= 1500 / !
N / e 7
. A =" 600 27
Gt /-/ ~.o._ - 24
f - - - i
1000 e o 7
’/‘.'_ / 400 /',
e . oo, owe R T
1 e

0 000 2000 3000

E Ir ..
§ / 200 S
00 - S / dl
L 0o -4

0 150 300 450 600

4000 5000 6000 7000

70
L )Y 9o slas Y0+ FE(CN)s™ (ol wsilasa g 56 (aian 9 5Y 9o slao 0 puealiy s 1S Cs9,5 5 0ch Casl Sl gl o gai¥ Js
(5,a5LS )+ e B 35,81 5 puils 8 diels) FGO-GNPs-Cr.6/GCE 5 rGO-GNPS/GCE rGO/GCE GCE 3 ouliiul

12000
b
1 a
10000 - / /‘
7 =
8000 - P
= -
H *k._.. g
S 6000 - c
N i e
' ;
4000 —
] Bare GCE
GCE/Cr.6
2000 - GCE/GNPs
| GCE/rGO
GCE/rGO-GNPs
0 GCE/rGO-GNPs-Cr.6
T T T T T T T 1
-5000 (o] 5000 10000 15000 20000 25000 30000 35000 40000

Z']¢

ubs (ligy ds (i g3 9 s S 9k sl 53 GCE g oudh g0l (slau g sl (5 paS0 jladl oy ol coul Catd 5l yl gad -0 Jsud
(Foashss Ve B 5,81 5 (uils 8 diol) (eabsasdd g s uilagel caie


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

ARl Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

j\«S;l;&LﬁJ@bj.uﬁ)l}&L@Lﬁlij)\sjylﬁjd»u
Vo Sl VL O B Ll & bl sse ale VY
(s 2l s slaale) sl Sbtl s g S ke
S5 ol g e 5 lueslel Gl s ale ol &S
S5 5T 550 et atle K SHPLC L (15 55 o

(O UKs) w8
250
m Diabetic
200
150 147 139

Glucose level (mg/dL)

al
o

ok M 15 ol (AL slaaasiie
S5 5 Il 1 ale 53 055 A5 e
Cos 5l Olabl S & 50l 4w (a4 Jals J 28 05 S 5
o5 Qe 523 S 513 Lol 3550058l 05 s ol
WY mbs e S 5l o Se LI HPLC 2y, b dais 55 of

control

182 178
150 157 154
132 o4 s 128
‘96 | ‘79 ‘94 |72 ‘99 |75 ‘ | [
| |62

100 ‘87
0

ZF.1 ZF.2 ZF.3 ZF.4 ZF5 ZF.6 ZF.7 ZF.8 ZF.9 ZF.10ZF.11ZF.12

No. Zebrafish

ls 9 J S 09,8 9 59 1) SlaALe (9 W8 50 (o labae Hlugas —F Sk

cAA)Y)A‘;\—:AY))&)D U’.‘.J)J)J“)\)‘y.}ﬁjjg‘:‘\. )\
oss Ve oV 5 SIS Ve e Y (DA Npe Juv/0
)beMJa)}JaM eJ.ZJSJ LSLAU‘_)"" U‘i‘ C;U)JAS.,\Jeru\
Sty ges Slallas 500 0 Gl (SG5 s ot
5 S F e OSSs8I G i kel
(\ J)J})MD&QL«TA ‘)OMJSJJ\)A

r’**:*"d)""i\i

3550 QU1 Sl 53 (5 5 Ol e Sl e SOIRL
OO P BV W L] VR Y P31 N | BRCOU JC S [t BV
Sode Sl day g5 e i ) edkel sy 0L JUS
553 S tleacty S QLS A plnil ol Y 3 50

s3d wa S bl g anl 1als OF asl IS 4 o

s (Reliability) 054 skasl pUB cowlasl oo

(System Stability) peew 55144
1o WY 0T 05 i 3 St slye
o5 5ol GCE 5l slinal b 5 Jshize (S350 s 3150 ) 5
bl 5 8 S 15 i8S gaddllas 55 oSS0 L
OLES 1y 35y STy s 1y 35,280 ) 3 1B 6y
o) S 5350 5 eSS S saalllas ol
L5 & Sl b b eds 2ol 55,0 &S ol il
das g OLES 1y (S5 /YY) s OS] il
5 L LTI 5 DA AA wlaSSE o5 4 Sy 4
AV USKE) S o OLles S5 VA 50NV /00 53 LS e
o3l U GCE (535 1 3 300lS 30 515 a1 5 anlllae

' Tad interferes


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas YE¥

35 55 ot O gl 1S 15 gad ey Sl eslital b 555
e A IS sl e 2, ijji.:» o/+ 87
Glchle a5 Ol OF 53 oS (i 35kl
ool ol ol esls OLES e o35l g e sline
20U s A eSSV B/t gl sl e IS0
sl osls QLA S pl 53 e L ﬁ,objig.a e
e s st sadal, 0L b b el 3 oS

100 —GCE
rGO
80
AUNPs
<
= 60 rGO-AuUNPs
€
£ DA
S5 40
O

2 ol s ekile B i g5 e ot 5 a5l SIS 2N
il o350l 50 5l s (gILL &S sls OLES sdel Casas
ol 93 5l e (= 8 S e et 81 GCE (g5, 2 ol
W&ij\buwdjlm);&,:,ﬂw.mw;
jb—%ewﬁ}ﬂ J‘)lJul:.w\ J}.LN DL ol j—‘;b
Gasls el Sz /444 5 /TVA LS S0 ek o S
VA=Y Sl edd b e 5 eslial b a1 st

L-Trp

Potential (V)

GCE ol alide Lag g yistl 3 suldiedl L ples (5 yda A Gluled g daldio ol 9oy guda ja (10 95 § peu ALY JSuD
CV iy, «arGO-GNPs-Cr.6/GCE §rGO-GNPs/GCE .GNPs/GCE +GO/GCE

DY sostas +/0) CALE L (g g ey gudia o jSalilas ol ge uili Y Jgua

\:}e-},cjmpt& ()Y}AL;L:A)CAH& (/)YWL;UQ:-
AA Y £/ A
S8 0 V¥
o3l \ Y/\o
DA +/0 ¢/0Y
L-Trp Y VY

¥ Relative error

' Co-existing elements


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

YT Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

5.0E-06 -
4.5E-06
4.0E-06
3.5E-06
3.0E-06
2.5E-06
2.0E-06
1.5E-06
1.0E-06 -
5.0E-07 A
0.0E+00 T T

Current (A)

0 0.1 0.2

0.3 0.4 0.5 0.6

Potential (V)

O g8 9 e 3 gliie SLACALE 53 SWV (g ) s (1 95 9 yous 3 yfuilieul s Do g 5 (s —A JSul

Shoeslamad b s w S S eIl @lzj Aas e 4l
(s Ol Jald el sl i 5 HPLC 33,
) O3 sliol 3ose asdlas b 5s Tanly sl 5 LG
(LAY) 3500 3L hls sl )b i (75 Y s
b s 48 305 QL s 55 N0 5 Aty sl
ez 5 axm g JB oL5L Gl HPLC L avslie 5o o
Ll 05 sl el sla

5 Bb3 g8 93 53 b gs e Oee soll WS o 5
35S

Oljes 53 (Sulsbs Dl Jazes ttest Ose3l ula
P<e/enN) ws Sl 28 5 mbs e S 53w s e
dtlie 03 Sy S J S 05 5 03 S 555 hw Soke a
03,5 5315 e Fa e Olpea) v Ko a5 2 $olalas ) sba
s o OLES adlas gla

' Recovery
¥ Relative Error

b e b 5 (35 ek ged 53 S e e
o

05,5 &5 Al o3 3l ok ealel (glaw sas 3l andllas opl 3
s b (8 55 e et Sl DS 05,8 5 ol 4 Ve
L eslinal syl 03530 iy g b 5l edd b
Jolows 5l 0 o cnl 55 0 555 (5 Seslil e
033, a}“gg(,;;ﬁr;j;gzﬁ N /A e /8) sk
05,5 s Ol IS I g00 e 5 A3 @3l ol o3le]
Lo ey Sobs 4 Mae 05 S chle see 5 J 2S5 2l
@ JK2)

IS 5 (Pbs 0s 8 03 g 5 pSeINl s dmlis
24 (b i 5 HPLC 5 aslizul |

s Ses ol >l b s 45 21> OLES odal s o]

Bl G g 5 Py e yasid S 1 o sl



https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas Y¥§

3.5E-06 -
4 4o/l

—~ 3.0E-06 -
<
§ 2.5E-06 -
-
S «»¥ ug/L
© 2 0E-06 -

15E'06 L) T T T 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Potential (V)

aylaatical J glas ouds diledl & glitie slacalalé 5o SWV gy da (3 % 9 paus (5 4380 il s Jo g yo Saas —4 JSik

ouddi ol ybo peuses 5l oaldiedl b (Fubaa 9 J i3S 0955 3 o281y slads gas Julad g aajad alia Y Jgaa

(M/L) o gspm Olen )bkl gl lns Sl il LOD (ML) s o s b5 o 058 g9

A VYox) ! \ASI N Yo +/49A 5 +/VoY J S

y/4y 17045+ WA YT JASYSPRYAR b

HPLC 5 ouu dilos Suum B 51 sl 9 J 558 09,8 53 (o2l (SLads pad Jalad g 523 galih duasllio =¥ Jgua

Damly sl 2S5 mbses S 00 b5k RS 5 Lo oS H3(HO/L) 5 5 e O30 o
VY 5474 AN+ 5 VAT o wtle K
AL N A/AT 51/48 HPLC

femmn]

=

E

=Y 4]

=

=

-

=

H

= —

uw

1

&°°Q
¥

L 9 J S 093 9 ja oual Cunads (g8 g e (ol 3ae -V ¢ JSud


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

AR Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

<y 84 DA 5 LTy 59 o QL»)VJA oo (Sl &S 5
I gadllan 53 ol astlos 5 5alS 56 mhans (655058550 [14]
O L S o Vo eSS s s bl Sl
A4 S S L-TIp 5 055 e

g okl Mol lasy S plendy S Ol s
PP e

sy S sl p xSl s, O Sen 5 Fayemi gaslles s
S PEHY) sl 53 555, Ve oo /N jslm 5 s
ke YO S5l s LCV 255 L 50354/ ) MPBS s
Al e Loy iUl galdS 235 3 e 2550 436
CV Frasa Lds /YO o )& Jdlsy 5315 (0 555 o O ol bS]
£ Ot Jodly 5 (8 579 o O grelenST 0L 2 sy LSS
(s /M) Ll o MO GCE (gl (s +/FA) Ll 5 Ses
0 5 GCE/ZNO 5 (s +/F*A) Ll Ses 0 « GCEMNIO ),
Jol- b ol au3ay GCE/FE3Os (5l (s /YA) el 5 oo
Sol3 s LolE g & 2l OIS 505 4 S glas g Sl
oo S L aslis 5 GCE (15 555 o O semldenST 0L 2 5
LX) 55 5 s ot Ul

o C)L,al ;_,J;Sjlck“c,.aju.a S

S5 K b o0 GNPS 5 1GO (S 5 oS ol ol s sliel
Mol 25 S s 51 5L I Ol e 2l 3l s 55 (6 s
Cr6 L asl [ials sl 318 55 lyd 5b S 5 sl ol
US| Con sl (geslall 533 L2alS Com yo 88 il gl 53l 31 S
sl 6l Coglie Olpe A 0 5 O gl ST 55 09 ;S0
DLW =55 el Ceaslis (Godias QLIS 45 55110 Q Ol 4,
R e R T S L
wl mals st 3l S Ol il Gl L el eI GCE g
S350 s ol 3 g e (6 S o3l 5 plulis g GCE
ALY NGRS v

2 Fdsll sl 5 Saa CUT gledy SIS,
ilzen glas g 1S

Sl eslinal 25 50 L5 5polS 5L w035l 03 oS3 S G

gﬂsjssu,L—Trp,DA‘AAQujrAM}W&;@Q)J;

Sow

s -l S ualS U 5 O3 6 ol

Slacsle M maw Colis Y oty S0 s 53 1GO
T3 sl LS S o e 5 LS S,
5 0 QW Ce e ss 1N0] AS e alp 1y e
S el Cr6 5 GNP 1 slizal b 35,801 (5 sl
o ol e 4 mhe Cews (Lo GNPs
So3AE Y b e 5 e 5 5L pled iS58
il 4 s TGO & GNPS 0035331 1] ool 0l oslizad
kol GCE 1 03,801 JUasl e el 5 o il
Gl Blg e Crb s wiS oS 5 b0len [IV] 253 0 0
3pdee ol ol ol 5 A8 wal b o (55 1 1) (Sobm O3S
et A g S gadiobl ke
Symse S5t Sadisy bu s ladd gl 5 b el 5555
ol atle oy 5 gelS U gyenl SIS sll 5 (glae i s
S35 S 6l Dl 5 (6 s Camlem 3153 L
olaly oad asle CojemelS Sl 9 Ol El plhaasis
(C- il S 3l oS A el L IR b s 5 4
Olgeas Gt (CNTS-ILC) > 228 LLCE ( Sage 5 0-C)
LU 55 AT sl s sdalin Vo VACMT 35 (68 S K
wtl 2y 5 guelS 56 3 sy BBVVYE CMT go3 saee 3 (0-C)
55,5 T 25 Sl S Ll Cr6 sz (GoianOlis ol
EPPPRR W

GCE 5 GCE (s sis wsr i SEM (sl Sl
ool ok OLSes s Khan (gaadlae 53 .3 5 o plonil ol 25l
o3> JI3GCE (55, o aiun gy o 5 2l (g k=l L (P-Arg)
gl o ey b ol al 5 3 0L e (5305 5 A2
GO plandi s ;S /gy Sl 5y sl o 39,50
laddy s dile Waad s pl AS sdalie ErGO o3, 6 (sladd s
Aol QL el el o8 S35 5 0k hos a5 30 S50
53 ot 5 by e gb T o3I ke LGNPS (3 0L s
JBGCE 35 2 0533233750 sy s EIGO (13 e
b 5t 585 5V s (ks ol 5 g sy ol a5 S


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas YEA

Ve LS L sl SO 03 cpl s ealinad 550 o5l 50 s
sdas OLE &S el sy YWV 550> RSD 5 i el b
O ey ot el L e 0t J53 BB )l SS
S 38 Do s Vges SV Ll jsole 55550
Golws Ol Ol o o Sl JAY Dl 3L
2 s YL (5L

3 s sed 2L55) 5 s 2

o o 23l s (S35 IS g OlSes 5 Khan
S GCE (5395 5 ok atlos g 5008 51) (oo 033 5
L- 5 5-HT DA .« |, (GCE/P-Arg/ErGO/AUNP 5 ;I
Sl 8393 o5 ) ealitel b Ol Wl Jlpal 4 ga3 51 TP
ol S5 Gl JUT i Cgar 0Ll 15l & sad s S oalizd
A3 33, PB (H=Y) V50 o/) il 5l eslinal Ll Ve s
Y s Nees S V) Coja LOD 5 e gauls
o 3Ll Cpamen d s AE NV sey S
Sl Ly R cpl 3l esliad VoY G AN oy eds b
oobal a2l e 2O 3l (S5 slai el
S ol Gl s Sl slie (gediasolis anllas ol
G sy S ool Glacus st Jodes ol ol b
(o 3 e 0l S3 0T Sles g 5 odaes oA
G Olejon pacid 53 gy ol & dej e Jain
S5 53 BT (6 el g ey DBl A 5 4l placys e
3phse Slgen sl Sl 5 @S J1E Ll (gos sl
Coday S L s ol o 55,0 ldlas ST s V4]
j\ﬁijMwuasyemf\Jij\euT
eslizal 3 g0 LT alin 5 b b g LC-MassHPLC |3
ST ST WP WARCIVE PV L | o S | IR [P S
55,80 Ol geay ol GCE (55, 2 Cr6 sGNPs GO Juls &5
exio:bhgaabduajyj):w&jjﬁwqﬁ@-emcﬁ.@l
55 et 23 S B sl 3500 2o 5 e )
om e Bl (b 5 I8 05 8) ABly (gaipes 53 8 2
das e O |y ol st Ob 2 5 0 Lol 5 jluilend ke
A\ AFTEC T ST T R VAL TN (P e

(e 5 Dby 2Lk (gekias GLAS &S el Cowdds doyd

S5 NV 33 i s w5 s VA 5 VY /00 s
O PTGt VS VS VI o] R WAy s S PR SOOe
Crb obard 5 Sz (ol 5 435 5 55 o ussnlS 5k
o ol 55 81 48 25 8wt Ol 5 o opl s AL o
L- 5DA (AA Jlojn jaseis ¢l U5 o 1 a8 56 L
S e Trp

Mye) ol il gl S 36 OLKs 5 Ma gandlas s
o5 2050 5353 5 (NE) 584l 5 o 5o (Sl
Yoo ile (L Sl Lol jpslie o o OLE sl 23 S 15
eiie N gos Ko Vo uandS Ngoy Sa Vo SIS Ve S
55 SNE Olojas s o oSG o Aol Y505 Sea Yoo
B 4 S 48 s esls 0Ll oDl 35S a3
Ny So /0 5 NE Vo5 S0 0 Laseis gl Kl
et S s AA Vaes Soo Yoo gl 53 s e
5MS) sl ot NE b aslie 53 AA 6 5l 0L 8 ol
IV ] s,

A2 0355 53 GCE sl (sl eslinnd 5550 oy 5palS 5L
oo Y oyl 53 e 3 Ve Sea Ve glacale s s
N ) 5 508 Ve o Y DA Ny Lo 2/0 (AA N0
/0 Ol lae 3 ol sl e él) 5 &S A (=l>.=}\ oyl
lales -l sl QLA 1 AV sa ol sl DA Ve s
el denST Sy 0 o I S bsS ol ey
Wl 0 S5 3l5e 5 g5 e

s S 5 52 IS

S Sl 5l (glas sazmn abw st @t (S5IL 5 2SS
GCEIP- ok =Sl 33,801 53 (5, So3ll Cugor (5 s (sla
el 0 ol s 335 55 Oeeman 3 Arg/ErGO/AUNP
M) TP 5 ss,m DA Nsay Sia Vo Olse sl RSD
s aslEs 45 el Cusay 1 YAV 5 VY O/YVY s (LSS
ol S5 asllae ea js V4] ol s S bl S
oz 53 aia ¥ Sdoay 0l Sl 35580 sl bl ol
Sl Ny le Wb S WS il &K S8 Sl gam s t
ST Il Va5 Son Ve e Olan (sl (0 51 50)

DTl K ol 5 (ol (godims OLLS (o wtl


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

vEa Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

Gk S 56815 ks Oleg 53 STl Ol 28 (s
035 33 555 o el Ll 5 Ol gm (95 0l lalllas
il 1alS J S g S 4 Cemd (655 BB Ol 4 s sla
sl bl Gols Ol G Glaslis Jd [YAC Y]
L olel Lol > gandlae 5 x3dS Slallas s ol (5,8 5l

(¢ Jga)

35055 55 8 6l p odel sy LOD (pimad 53 ol > b
N s g el b e (gl 2 e S5 S Y 550
e o 33 0L b cpl 3 HPLC sl 3 5 p S5 5
33l sladiped 53 b e s B s Shee il el b
R Ol a5 BB 1 3l acal sy il s OLES 5
b b J S 058 4 S Sbs 4 Vs | sl ale 05 5 s

033‘933Jau&9:\4a6|ﬁ43§JJl54.}‘5L&435&:3Agﬂﬂlbdﬁcmltbll‘uhigad‘gm‘LOD Joua ¥ Jgua
yola sads el.;.ﬂ dadllos b dewslis 4o

LOD . . 5 3 gad :
(ugol_-l) B 83 gdome i ead o e e
(hg L)

VA A=Y MWCNTs-CS-poly(p-ABSA) DPV! - (ry)

/4 JY-Yo NiO/CNT/PEDOT/GCE DPV - (V)

R v/ \_Yo 3D-rGO/Fes04/HP-B-CD/GCE DPV o ()

R oy P-Arg/ErGO/AuNP/GCE DPV Sl ()

R TERYS rGO-Ag:Se/GCE DPV o (¥¢)

Jeo CA—o) rGO/Co304/GCE DPV o (¥o)

o/ VARV MnO2-graphene/GCE SWv b )

" SUEIAR Graphite/self-adhesive paper DPV R Cg PR PR v)

s i) rGO-AUNPs-18.Cr.6 SWV L5 ool o355 ol Il ganllas

dudyu'qu)-?d.;)jral}}g@ulrﬂ);&j}ﬂ
S Olgeda |y ol Cw\ 55,800l ) el Sy ¢ 231
22 GFse O e Sl gl Gl i)

.JA;@QU,J S,.Aj“ olises 6Laa>j.)\5

(ol s
SNV YT el agy 2 b ol G
S psbe oKy e plie 5 302 psle i 55 5 IV
o Shms 50 b g5 candllas ) e sl ol (l?v"i)\)é—?
3550 AVY e En leawwgo\xldi.zﬂwlpa@badwj

Sl 4 § )3 Cole

‘Differential potential voltammetry

& S 4o
@hd 555 TGO 3 eslid b dydr S suelS 5 o5 ol Lo
old ~Olol S8 el s edd ale Cr6 5 GNPs
S50 e s e )l s i sl (GO.GNPs.Cr.6/GCE)
Ll odd (b a8 ol Ol il 25 S 13 eslinad
ot (Sl e 5035t 5 B (6 iy S 5 Sl
el why 4 S S glaste b Jaa, 0T (3lueslal 5 sl
Loanclie 5o abs ladised 53 (i 5, Olps 4 g LB 4
> Olla 53 1 0 559 5 0352 Sl s 48 8 s (sladd sad
P e Gl sdos ) (S o bl e S8

d‘ﬂ&%‘)wbwww\wlﬁwu



https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

10.

11.

12.

(& o lach) 14 6,590 ATA8 i —ala Y& .l g3l auusd galie g Cislaa alas YO

Zimmet P, Alberti KG, Magliano DJ, Bennett PH.
Diabetes mellitus statistics on prevalence and
mortality: Facts and fallacies. Vol. 12, Nature
Reviews Endocrinology. Nature Publishing Group
2016; p. 616-22.

Dall TM, Yang W, Gillespie K, Mocarski M, Byrne
E, Cintina I, et al. The Economic Burden of
Elevated Blood Glucose Levels in 2017: Diagnosed
and Undiagnosed Diabetes, Gestational Diabetes
Mellitus, and Prediabetes. Diabetes Care 2019;
1;42(9):1661 LP — 1668.

Chowdhury MZI, Yeasmin F, Rabi DM, Ronksley
PE, Turin TC. Prognostic tools for cardiovascular
disease in patients with type 2 diabetes: A
systematic review and meta-analysis of C-statistics.
J Diabetes Complications 2019;33(1):98-111.
Zeng P, Wang T, Zheng J, Zhou X. Causal
association of type 2 diabetes with amyotrophic
lateral sclerosis: New evidence from Mendelian
randomization using GWAS summary statistics.
BMC Med 2019;17(1):1-13.

Ozel RE, Hayat A, Andreescu S. Recent
Developments in Electrochemical Sensors for the
Detection of Neurotransmitters for Applications in
Biomedicine. Anal Lett 2015;

Yang C, Trikantzopoulos E, Jacobs CB, Venton BJ.
Evaluation of  carbon nanotube  fiber
microelectrodes for neurotransmitter detection:
Correlation of electrochemical performance and
surface properties. Anal Chim Acta; 2017;
Hill-Briggs F. 2018 Health Care &amp;amp;
Education Presidential Address: The American
Diabetes Association in the Era of Health Care
Transformation. Diabetes Care 2019; 1;42(3):352
LP - 358.

Valero-Elizondo J, Aneni EC, Osondu CU, Grandhi
GR, Virani SS, Nasir K. Gaps in provider lifestyle
counseling and its adherence among obese adults
with prediabetes and diabetes in the United States.
Prev Med (Baltim) 2019; 129:105815.

Hasanzadeh M, Shadjou N, Guardia M de la.
Current advancement in electrochemical analysis of
neurotransmitters in biological fluids. TrAC-
Trends in Analytical Chemistry 2017.

Tertis M, Cernat A, Lacatis D, Florea A, Bogdan D,
Suciu M, et al. Highly selective electrochemical
detection of serotonin on polypyrrole and gold
nanoparticles-based 3D architecture. Electrochem
commun 2017;75:43-7.

Bao J, Hou C, Huo D, Dong Q, Ma X, Sun X, et al.
Sensitive and selective electrochemical biosensor
based on ELP-OPH/BSA/TiO2NFs/AuNPs for
determination of organophosphate pesticides with
p-nitrophenyl substituent. J Electrochem Soc 2017;
164(2):G17-22.

Ensafi AA, Noroozi R, Zandi—Atashbar N, Rezaei
B. Cerium(lV) oxide decorated on reduced

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

AEA

graphene oxide, a selective and sensitive
electrochemical sensor for fenitrothion
determination. Sensors Actuators, B Chem 2017;
245:980-7.

Al-Graiti W, Yue Z, Foroughi J, Huang X-F,
Wallace G, Baughman R, et al. Probe Sensor Using
Nanostructured Multi-Walled Carbon Nanotube
Yarn for Selective and Sensitive Detection of
Dopamine. Sensors 2017;17(4).

Ispas CR, Crivat G, Andreescu S. Review: Recent
Developments in Enzyme-Based Biosensors for
Biomedical Analysis. Anal Lett. 2012; 1;45(2—
3):168-86.

Rand E, Periyakaruppan A, Tanaka Z, Zhang DA,
Marsh MP, Andrews RJ, et al. A carbon nanofiber
based biosensor for simultaneous detection of
dopamine and serotonin in the presence of ascorbic
acid. Biosens Bioelectron 2013; 42(1):434-8.
Chaniotakis NA. Enzyme stabilization strategies
based on electrolytes and polyelectrolytes for
biosensor applications. Anal Bioanal Chem 2004;
378(1):89-95.

Khoshnevisan K, Maleki H, Honarvarfard E,
Baharifar H, Gholami M, Faridbod F, et al.
Nanomaterial based electrochemical sensing of the
biomarker serotonin: a comprehensive review.
Microchim Acta 2019; 4;186(1):49.

Zhang J, Lahtinen RM, Kontturi K, Unwin PR,
Schiffrin DJ. Electron transfer reactions at gold
nanoparticles. Chem Commun 2001; (18):1818-9.
Jia X, Chen X, Han J, Ma J, Ma Z. Triple signal
amplification using gold nanoparticles, bienzyme
and platinum nanoparticles functionalized graphene
as enhancers for simultaneous  multiple
electrochemical immunoassay. Biosens Bioelectron
2014;53:65-70.

Atta NF, Ahmed YM, Galal A. Electrochemical
Determination of Neurotransmitters at Crown Ether
Modified Carbon Nanotube = Composite:
Application for Sub-nano-sensing of Serotonin in
Human Serum. Electroanalysis 2019; 31(7):1204—
14.

Khan MZH, Liu X, Tang Y, Zhu J, Hu W, Liu X. A
glassy carbon electrode modified with a composite
consisting of gold nanoparticle, reduced graphene
oxide and poly(L-arginine) for simultaneous
voltammetric determination of dopamine, serotonin
and L-tryptophan. Microchim Acta 2018; 185(9):3—
12.

Fayemi OE, Adekunle AS, Ebenso EE.
Electrochemical determination of serotonin in urine
samples based on metal oxide

nanoparticlessMWCNT on modified glassy carbon
electrode. Sens Bio-Sensing Res 2017;13:17-27.

Ma X, Wang Z, Wang X, Xu L. Electrochemical
determination of norepinephrine on the membrane
of silver nanoparticles doped poly-glycine


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

YO

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Sl g elily obiaadi g Al S g SAl g o2l ib gl as g 00 o5

eliminating the interference of ascorbic acid. J Solid
State Electrochem 2013;17(3):661-5.

Kimling J, Maier M, Okenve B, Kotaidis V, Ballot
H, Plech A. Turkevich Method for Gold
Nanoparticle Synthesis Revisited. J Phys Chem B
2006; 1;110(32):15700-7.

Atta NF, Galal A, Ahmed YM. Highly Conductive
Crown  Ether/lonic  Liquid  Crystal-Carbon
Nanotubes Composite Based Electrochemical
Sensor for Chiral Recognition of Tyrosine
Enantiomers. J Electrochem Soc 2019 1;
166(8):B623-30.

Muzzalupo R, Nicoletta FP, Trombino S, Cassano
R, lemma F, Picci N. A new crown ether as
vesicular carrier for 5-fluoruracil: Synthesis,
characterization and drug delivery evaluation.
Colloids Surfaces B Biointerfaces 2007; 58(2):197—
202.

Marcano DC, Kosynkin D V, Berlin JM, Sinitskii
A, Sun Z, Slesarev A, et al. Improved Synthesis of
Graphene Oxide. ACS Nano 2010; 24;4(8):4806—
14,

Moon IK, Lee J, Ruoff RS, Lee H. Reduced
graphene oxide by chemical graphitization. Nat
Commun 2010; 1(6):1-6.

Robinson R. Serotonin’s role in the pancreas
revealed at last. PLoS Biology 2009.

Hara K, Hirowatari Y, Shimura Y, Takahashi H.
Serotonin levels in platelet-poor plasma and whole
blood in people with type 2 diabetes with chronic
kidney disease. Diabetes Res Clin Pract 2011; Nov
1 [cited 2019 Nov 10];94(2):167-71.

Ran G, Chen C, Gu C. Serotonin sensor based on a
glassy carbon electrode modified with multiwalled
carbon nanotubes, chitosan and  poly(p-
aminobenzenesulfonate). Microchim Acta 2015;
182(7-8):1323-8.

Sun D, Li H, Li M, Li C, Dai H, Sun D, et al.
Electrodeposition synthesis of a NiO/CNT/PEDOT
composite for simultaneous detection of dopamine,
serotonin, and tryptophan. Sensors Actuators B
Chem. 2018; 15 [cited 2019 Jan 1];259:433-42.
Liang W, Rong Y, Fan L, Zhang C, Dong W, Li J,
et al. Simultaneous electrochemical sensing of
serotonin, dopamine and ascorbic acid by using a
nanocomposite prepared from reduced graphene
oxide, Fe304 and hydroxypropyl-B-cyclodextrin.
Microchim Acta 2019;186(12).

Panneer Selvam S, Yun K. A self-assembled silver
chalcogenide electrochemical sensor based on rGO-
Ag2Se for highly selective detection of serotonin.
Sensors Actuators, B Chem 2020;302 (May
2019):127161.

Dinesh B, Veeramani V, Chen S-M, Saraswathi R.
In situ electrochemical synthesis of reduced

36.

37.

graphene oxide-cobalt oxide nanocomposite
modified electrode for selective sensing of
depression biomarker in the presence of ascorbic
acid and dopamine. J Electroanal Chem 2017;
786:169-76.

Nehru L, Chinnathambi S, Fazio E, Neri F,
Leonardi GS, Bonavita A, et al. Electrochemical
Sensing of Serotonin by a Modified MnO2-
Graphene Electrode. Vol. 10, Biosensors. 2020.
Orzari LO, Cristina de Freitas R, Aparecida de
Araujo Andreotti I, Gatti A, Janegitz BC. A novel
disposable self-adhesive inked paper device for
electrochemical sensing of dopamine and serotonin
neurotransmitters and biosensing of glucose.
Biosens Bioelectron 2019; 138:111310.


https://ijdld.tums.ac.ir/article-1-5968-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-13 ]

Iranian Journal of Diabetes and Metabolism; Vol. 19, No 5, 2020 E 23

DESIGN AND FABRICATION OF ELECTROCHEMICAL BIOSENSOR BASED ON
NANO-GRAPHENE TO DETECT SEROTONIN IN DIABETIC ZEBRA FISH

Kamyar Khoshnevisan!, Sayed Mahmoud Sajjadi-Jazi?3, Farnoush Faridbod*, Bagher Larijani?, Mohammad
Reza Khorramizadeh **

1. Biosensor Research Center, Endocrinology& Metabolism Molecular-Cellular Sciences Institute, Tehran University
of Medical Sciences, Tehran, Iran

2. Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran

3. Cell Therapy and Regenerative Medicine Research Center, Endocrinology and Metabolism Molecular-Cellular
Sciences Institute, Tehran University of Medical Sciences, Tehran

4. School of Chemistry, College of Science, University of Tehran, Tehran, Iran

ABSTRACT

Background: A novel nanocomposite-modified electrode based on reduced graphene oxide (rGO) decorated
with crown-ether and gold nanoparticles (GNPs) on the surface of a glassy carbon electrode (GCE) was
fabricated to investigate 5-HT determination.

Methods: The morphology of nanocomposite was characterized by scaning electron microscopy (SEM).
Diabetic zebrafish was obtained by overfeeding via glucose. 5-HT was successfully determined in the presence
of dopamine (DA), ascorbic acid (AA), urea, glucose, and L-tryptophan (L-Trp) by using electrochemical
methods.

Results: The nanocomposite exhibited satisfactory electrochemical catalytic activity for 5-HT determination
using square-wave voltammetry (SWV). The electrochemical behavior of 5-HT at the nanocomposite/GCE
displayed reasonable oxidation current and potential. The limit of detection (LOD) of 5-HT obtained from the
real samples, containing the control and diabetic group by using the proposed system and HPLC method, was
calculated to be about 0.3 and 0.1 pg/L, respectively. The prposed system also demonstrated high selectivity,
reasonable sensitivity, and good stability and reproducibility for 5-HT sensing. The nanocomposite was
applied for the determination of the biomarker 5-HT in the diabetic and control groups of zebrafish and
displayed excellent recoveries about 93 and low relative error about 3% while compared with standard method.
Conclusions: It seems that the 5-HT level can be used for earlier diagnosis of diabetes.

Keywords: Serotonin, Biomarker, Novel Nanocomposite, Electrochemical Behaviour, Diabetic Zebrafish

*Shariati Hospital, North Karegar Ave., Tehran, Iran. Postal coad: 1411713137, Tel:+98-21-88220068, Fax:+98-21-88220052,
Email:khoramza@tums.ac.ir


https://ijdld.tums.ac.ir/article-1-5968-en.html
http://www.tcpdf.org

