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Application of CuO nano particle/multi-walled carbon nanotube
nanocomposite modified electrode for simultaneous determination of
dopamine and rutin in real samples

Tahereh Rohani, Department of Chemistry, Payame Noor University, Tehran, Iran (*Corresponding author)
th_rohani@yahoo.com

Abstract

Background: In this work, a new method was developed for simultaneous determination of Keywords
dopamine and rutin at glassy carbon electrode modified with CuO nanoparticles doped multi- Rutin,

walled carbon nanotubes (CuONPs—-MWNT/GCE). This modified electrode has shown .

excellent electrocatalytic activity toward the oxidation of rutin in acetate buffer solution Dopamine,

(pH=5). The modiﬁed.electrode lowered thg overpotential of the reaction by ~500 mV, qnd Electrocatalytic
this advantage of modified electrode made it aproprate to measure trace values of dopamine

in the presence of rutin. oxidation,
Methods: First, the electrochemical behavior of CuO nanoparticles, incorporated in the .
modified electrode, was studied. Then, the behavior of oxidation of rutin and dopamine at CuO nanoparticles,

the modified electrode was investigated by differntial puls voltammetry.

Results: A linear calibration plot was obtained over the range of 0.05-580 umol L' rutin
and 0.09-600 pumol L' for dopamine. Detection limits of 0.013 pmol L™ rutin and 0.021 nanotubes
umol L' dopamine were obtained. The relative standard deviation of ten replicate

measurements for rutin and dopamine was measured 1.2% and 1.53% respectively.

Multi-walled carbon

Conclusion: The high sensitivity, low detection limit and reproducibility of the modified Received: 10/12/2018
electrode, made the proposed electrode suitable for the determination of dopamine in the
presence of rutin in pharmaceutical samples. Accepted: 08/04/2019

Conflicts of interest: None
Funding: None

Cite this article as:
Rohani T. Application of CuO nano particle/multi-walled carbon nanotube nanocomposite modified electrode

for simultaneous determination of dopamine and rutin in real samples. Razi J Med Sci. 2019;26(4):22-31.

This work is published under CC BY-NC-SA 1.0 licence.

23


https://orcid.org/0000-0003-4787-3696

http://tfjms.iums.ac.ir

WA L5 oF o les Y5 0,55 15l bEl'l'.lH oglc alan

§ evoym BvyrrS oF e ¥ 0

;“‘

by Jlio }

Sralidy (g dm S Slale bond gMlal ()5
03902t XA (g, (S ol A 3890 (glas >
ST Gy ol 50 eSS o
Moo YIOAY - (g, (aeis o g Vgolfex) o
—o3lasl Ve gl gy ! e ol Gl yaul
LT oA Jlo jo (F) sl osds )38 $IV (6,05

slaJliw S L (soal> oole (preling) ol

oo Js— 2 995 S, )l (ISt (59—
"\"*’L’LS" IARIIN g mol'lg_gljﬁj.o £ 9 Cy7H30016
Mo 53 Lo VAFY Lo oy oalsl (sl o3
2l Clac oL 5l e mmly ST b 4y ST
el 00l i Sl 51" g, oMl ol o

00 95250 (i) ylde (Sen 5 (9308 Lt S
S ez 09,8l sl oolainl L1y og)ls (sladiges
03,5 et (o J) (o L osd Lo
Voo Doy ol 5o geml pdST gomie e 00gae
v U‘f’ﬂ) ua...?v_m.’ d—=> g )YH V/¥x) - - Y’/QXV
Sy Uogy ol e o laslisl Bl youl g Yae V0N -
Jlw ;0. (Y) cwlonds (o )55 YV 6 uS03lal O
23 35790 by e (il Sen g 95 Sy Ve -
1S 35,50 31 o3l L 1, (5, sl o 3
S5 S Slodslylh 5 iz oo baogs o Lol
il 5 las 2 6 melds slagis,y Loyl
S s gy Vae VoexV o T o AexV e ke
00l 155 Voo V/ex) o™ hgy aude i o> g
5ol LSad g )] S YT o jo (V) cul
sle W.L.J L oo C)La‘ gl Al U")S (_ngos).’LSJ‘
00 50,5 ool (55 eSSl Glostez 5 GBS
ALl ao o /0 Glogas a1, 815 ool ¢ g, oyl
ekl 528 09l g5, 1) Jole @it e 05
Lo ) oe9) along 2SIl L3, 5 asls ]38
(e D0 S oy 09 S ol 5l eolai
R VRS S5 .Y ks_._’a.l.c 00gd—2te 4O uj.._wl)....JLf
Jls 0 (A) sl oo o)l 5 Jas Veo 0P
U")j 09)_.5” )‘ oolas_wl L’ u‘)&@ 9 LS’L>9) YeVA
Sld g L oad g0 Codeiy b onds ol Sl
i sLe adged ;5 1) (g 05 Jleas polde o)
YA oy il San g 95 .(3) Wis )5 (6,5 ol
(51)_3 03— C}L.o‘ Gl A U")j U")‘j .59).’25.” )|
YN Jlw o Ll S g wig (L5 .(V0) wis S

VAN L5 oF o)leis Y9 0555 15il) |_.,5|.'|'.IH ogle alan

Y

Ceadl sl aS ol o3l (Seidlem lo> s,
s & (33, s nSeslal . 3l g2y sl 5 S 5o
Sl 19,55 5 o0b) ol 5 Gl (Sasslse ol
30 gy S (6l (goumie Gl SiST 5l (V)
A lss oo a5 05l e ool (aliSee (sladiges
N 5, Shee Uy gole 31,555 atile olo iy
A1) 3905 0,L81 (6 yegidg Sl 5 (slaidge 55939 2SI
a5l g Sl a9 S S5 by, cnl 5l By
S s sl mle aS ol (g5l oole! oduzn ol ye
JLsd 9,80l eole SO (135, wed oo Wil daze (55
393 JeNge LSl 1o JSgy0um 095 ez b
Cde an ol iSIl sl g, 09d (3,0
ooy gly ey ool & Slos YU loabsl o
2o 2 YL e pdy 0 9 Comlus (b aue
by XS slatg) (F) sis pade Lo g,
355 4 1) (6 ks Slozgi 00l Mol slaog iS4l
3,8 18 a9 050 4B o iz Job j0 c0nds
5o 00 plouil sld iogh 5l B ) 0 a5
O Sz Yoo F s j0 08 o0 0 )Ll die o]
Lawgi 1y 10l )0 09250 (3, Hlake (i, Sen 5 o2
B L oo oo oS Aelglb oot ol o9 2SI
O Sl s eldy () 4 eon eSS lSen
Vex Vo™ slale aals 1o ygul p IS cionie 38,5
L)a.a..?r_...u S>> 9 05_3 (fla} &)’uj) )YBA f/‘X\ Y
JLw 0 (0) cl o (5,55 Vao Y/ex""V o i,
)_Ho.} 09)_.5” ‘L:_wy su,«.u‘)l_io.b 9 O 59 AREYN

http://rjms.iums.ac.ir



0595 5 Obed e 8l Cojgrels gL b o g ol 59 Sl

Cudgasme ooty b GloluST ity (Soo3 clde
u.uLm} 9 ).’A.: L-JL?LAJ‘ codlw 6&9) )..ol} )lS 59 ‘Q)LB
Al o jsa> 50 Grabigs g i) 855 o3ll L

SLIE-TD

oo )‘ Lér“‘;jﬁuj w Lg‘f :é‘,.o 9 olws
oS i el 797 VA Computrace Jow 81,59 D
P19 G FseelS 03l & jamme g j5iS g e
03— el Y+ (6 a5 T9TPC oaisS S 158
a5 sle dodail ol solatwl M (S5
Ve bgie Seym JRELTAD pesls ax e Lojlps
V- Veum Job o V- Vepm L3l hd (iegils Y
5IY0. m? g'lc_la_,.u Colo g Y-10 0)lg0 slass
i ol o (55 lel] o Leadly <,
S e S5 5 Ml gl 23 b e S5 5 30
A (5l 5 ol
0395 (Abyog (9 «meligesl o5 o/ F e imalios Yoo
)ojwo&b)wg@gibgﬁéﬁ\‘/‘
Vo o1V Jodore 0l (650055 )95 51 599 (aeme
2395 (Al 58 5 9 eom9y e 1PN 2 0 s,
S.A_&oail_m)p_?ogjlaicyilg(_g}#u’ly\’/’
Mo o) Jsloee ol (610055 555 5] je0 harme 5o
o_lﬁ.aa” Ay gl ialize sla pHU ol 8L
i Slwl o S F/FNY - ads 3L Jslowo yo 5l 2]
L hie Sl g aidn,; i) (o B0 500 S5 0
L aslol o as g5l 3-8, =) Lo Fer o0
sle Jsd=e pH Lol HCIL NaOH Joloeo 3438l
S a Jol sl Culed 5o o 5 e s 50
odily pon> 4y g Jilo (555 (oo B0+ oz L

ST (a5 Lo dglgil (0,5 sl Jole
o 0g, S L 0,5 sle Aglgl conlawl 51 8 1 o
sy sl el Jolone by 2,8 sl bl
Sde ds godd bele ¥V ) gl cos a4 SO S

WA L5 oF o)lei YF o, 53 15il) uSIiJH ogle alan

Yo

e (8l oo Mol Cguiail b ool Mol g ,u5l
OV 0,8 oolawl (g, o5 pmolie

Sl el J5S 5 yroges 31 (5o (DA) (yeslyg
—as Sleoly srosms Jasl colgls 4y glats a5
e soaild aes 59, eelisd wdlioe (plerd
U5 5 ool sldialy (5 S
a0 Pl o)lds o 0l (i) 50,0 wlesl
e sz sl ort el Sl (Soa DA L
o3l (gl (gdanie sloetg, A(VV) 998 (ygmiaS )Ly
YooV Jhow jo el oacds ey o molgd (6 =5
=l lbeyer 25 ojlal e o 1)) L 95
HPLC- () an ]y Geslagd 5 y8 2l 595 9 (0%
Sy 3 eilicmgd (o0 (g, (V) wsls plxil MS
S8 oolawl 0550 (relnge 05 polas (5,5 ol
i1, omalags il LSen § Sl 5 (V) cansl 43,5
S roys Ghe) e (m9)l0 Lo atged 10 5 (2l
lanig mSU glo—ig, ((VONF) W ,5 (6,5 o3l
it Lo aiged ;0 ualygd et diie) 50
Oeobigd (Uil Sen ¢ 7zl ol oals colainl SG5edgm
ElysSil i 5 o Dol 59,2801 5l ealizll 1,
39, =SIIY-NY Jlw 0 (VY) 050 ,5 (5,8 ojladl
5 oeelags =S ol sl S gl b ond 2L
Jis 5 VA ot o0l asl sasl 51 5 25
b9 e Sl Gl Al 2 g YoV
Looads 2ol 0g mSI Y oV L 5o . (V) o colail
Oleien (5 =5 olol (gl Dl 9 Wb oy e
= ooliiwl sl G5l g Sl SeygSl 5 el
gySn YN0 s 5 i iSan 5 gasls (V)
Slopen 3L, KT (gl o0 2ol (glasg S
ooliiwsl sl Syl 5 (el g sl S pSs]
Gl e S 09 xSV Jlo o (YY) WS
Sl e S5 $U L olien Jo i (hy L oad Lo
oolaiwl apsl S ol 5 (relygs Glejes (615 o3l
KAADEW

35 ) allan Jlor 4 b o plol sl (o, 1 o
plosl ey 9 Geelagd loyed (655 ojluil anee;
30 ol lajer jemax Sl a5 bl 5l g el ouis
3oy Lo s 53 lomndig 2SI b S 5
2 orelysd a2 o i 5 3,1 357

http://rjms.iums.ac.ir




CuO/ g MWCNT 0 o>
4 by W FT-IR e b (Va) JS&:MWCNT
) oo alnS'92) 0)lg0 iz (0,5 sle dlglsil
b oS e cdalin a5 jghailes 2o oo lid
Syt bS8 0, (sl Aglsil 4 g yo
g WV ¥ e So05 lo 7o Job 0 Lasein
09,5 4 bgiye cul i a4 aS aas o oLis YO« com’!
(—C=0) Juigs,S &b 05,5 (~C=C) Silog,l clo
S sl 09,5 o (—COOH) LS50, slaal
sl COH) JouS g 000 slo 09,5 L (~COH)
by e XRD oo (Vb) S ol oo SidnS'g S
oo danST L oai s Jle 0, sl dlglgils a
Ae L) e 51Y0 sog00 ,o |, (CuUO/MWCNT)
adglgili o |, CuO g-a> 45 dos oo plis 1) a0
L yo TEMy SEM 55 035 o L 05 sl
odls ol (Vd) 9 (Vo) Ui ;0 CuUO/MWCNT o

b ol

Sy ol

o=l A oo ool 13 e 69y el VY
MébﬁsoMle;dbdeybcwl)s
3o Al ooy 2l ¢ e o Wigh oo 3L el
S9) y COOH 04,5 Jlasl 0gi oo Ll iz @08
Sg dalet a8 pl mls Ko 5l b dlelsil mlaws
fnr o B2 55, 1 S sl iyl e
L loadglgil gelas 51 BLSI G i aal 5 00 (5]
oo pH o ) 0 a5 e U sy Jbgs ol
Ol 5o 0s b o Al ool Cws 4 S 4
Wule i, b o g iz s sled jo gyl
Jodoee td (o Ve s 0l (550055 Aty
a8lsl Lo dlgdgili 51 0,5 /0 a5 o0l agd o Ol S
o 00l S8 i en (g, Celw VY Cuk 4y g 00l
S o oolo,l, 8 a3 VA sleo b gl (9,0

Dol

a

e
BHE =
=

Wasrumer o1

H00

700

600 <

500 4

400 <

Intensity (a.u.)

300 <

10 0 30 40 50 60 70 80
20 (deg)

200

100

[Fealk List

B0-1917CuD

26 KV

30.0 KX

1um KYKY-EM3200  SN:0697

(€) crme dunST 3935 b osyls Jale ()5 (sl gl « XRD i (D) 05 dlewnS 518 0505 xin oS (slo gl FT-IR cale () ) S
oo ST b odd 093 o5 936 TEM 005 {d) o 2uanST Pl b o)y Jole 0,8 slo dggib SEM 9005

http://rjms.iums.ac.ir

Y1

WA L5 F o5les Y9 o )55 gjl) 1pSiijs ogle alan



0595 5 Obed e 8l Cojgrels gL b o g ol 59 Sl
uﬁ; )1)5 oolawl 3,50 o”.’;_ﬁl

baisl

:CUO/MWCNT/GCE 39 Sl g 5lasly uoy 5
39,50 45 ols Lt (A tolesl slo (s

Lo, «dg xSl Jodoe ,o0CuO/MWCNT/GCE
ol ol 09 2SI Sy iy 5 £l ly ol by
Ale (SLy 5 ey Loy S glo o, 5l ey
- CuO/MWCNT/GCEsg , =Sl g lasl oo ;o
0 Ao (V) doles 5l oolaiul

Sl i =5 o3l LY ) e gl e o
Sl sl 1) os5 bsd (55lal @l ol g A
357—3SI 33 o S S — 5]
L8 o ol CuUO/MWCNT/GCE
.Qj}—;&]‘)u))é 0»_39) D )—"
L8, iy oy Gt :CUO/MWCNT/GCE

Sl 00
$Lo b ooy Mol dlicls (p )5 09 Sl ol
(g 3l B i medamS T ool 90 gla dlg)
P b Gilg amio 59 p sl Al ()5 09 S
iy Jbgo O L o g 0 00ls Jioo g5 Lyl
a280 Y Sae gl 09 Sl caalol jo g il 9> 4
o 2ol L8 Gl e85 18 Sgl sl yo (gl o
O3 ool jo g el (93 A 09, uSd] plaus 04l
3‘9—‘" S8 a u—‘ Ao odu—w t;l_,o.o‘ Lgl_..,.,ojﬂ
Pl L 09, Sl e i o el 1 Sedgasl 2l
A g aslal fyeds d LoV a4 CuO/MWCNT ;|
Jelore U ol 0olo 1,8 Sogul gl o adBo Ve o
3] 55 O 09t ags S g ) (2B lsSy
5y5us 3l eolaiwl L CUO/MWENT c&leSs Joloe
o3ls Jiro sl aind ()5 09 58] mha (59, Sy
Pl Lo ools ojlal caalol jo o 0ailSs conds
Ao 09 piud lare glod j0 09,58l (59, 990
25 ke g gL oad ol o9 2SIl s 5
39,8 .o aps CUO/MWCNT wouis jls Jsle
S dsle 0,5 Lo adg) ol L sa i Aol
3b 5l oolawl by aulice o9, 4 55 MWCNT00S
AW C)Lo‘ sle ol ¢l sl 4 oauis C)Lo‘ sla gl
S8, ainlae g (609, laie ayg 0l Sl

50

25

I/pA

f 20
i 60 pawet
-25 L] ,,,-v"“' .y-e\gsavnzs.m
20 A= 09927
0
20 y=-04325- 14728
s Re=0.9902
50 ot Trea,
-80
o 50 100 150
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

EV
(V- Ve mV ST Gilisee (Sl sl @y 55 (PHZ0,Y 50 +/V bl (3l yid Lo Vo) g iUl Jgloo 13 (ol 452 sl ol Sgaldy —Y JSU
OSBSS hagy o e s sy 5851 5 0 S Gl gl I3 S

Yv

WA L5 oF o)lei YF o, 53 15il) uS.l.i'.lH ogle alan

http://rjms.iums.ac.ir




A oo (5,105 o3l slga yo 8 S e

20 o9y G lTg pSIl (s ga—milianns|
sl ez > slo ol S50lds :CuUO/MWCNT/GCE
M_JLHS.” J9l.7m O oS C)La‘ 9 69 C)La‘og)l.i”
ced Y mVs! Seul e b (pPH=OGLE W 30)
39Sl sy oo lis ) (Sleade (hagy Wiz 5l e
aeS I W Jle<! JJ..M.:L..’ 00gdte ,d ol C)’Lﬂ‘
o= Ml b o(Ya) ol lis o leondg iSIl cdlad
@l il Sy bz Rl Jslowe 42 g, 0938
s (IRl (e JBlade 4 (255, GgamslinnsS]
L oy oot Mol 0 5Sdl jo a5 Jl> 50 (Yd) 8,5
AL 1D dga > ledily )0 05 Jlws by
% 59y S 9 2SIl ganslannST A(TD) 095 o
Ql_c)'.o.m 6)125 o)“dj‘ LS‘)'.' ‘) csa") o0l C)Lo‘ .35).'25”
58 L 00t g3lol 09 3801 )5 oS (ebi9d 5 (o,
WS olgion Sgdow ol SLSG il

9 ool 90 bgtloo (o broaog iUl Gladlao
S, d]l )l solax A ) e ig)
L 5 o0 Mol 59 2SIl o :CuO/MWCNT/GCE
i $LeSer SLolis ol s 7ty g, 5 i
SrSoslasilo S 6,5 ojlul soly 4 pp jea> o

Sy ol

) Jeol> zules (V) JSei amo,S eud (Ve B Ve !
Cwd dy gl as > sl p 1 550l om0 o lis
5ol sla Sy by 5 Wad gy g 5T ookel
iy 5 anly (e Gl il 5 T lo Sy
Tl g 55 e slocel Cons 4 05T slo S
o Cad j e olael Cos 45 uilS sl Sy
w)—egsﬂsd-\flfgsbbole.ﬂw)le “‘\';SLS"
sdalie Lo ylelily cnl e (o abal) (o) <o e
2° ooly98 9 gy s yeldg (i I g,

Sralidy slo bl sl :CuO/MWCNT/GCE
JETPERIEEV I NEORER NS SENNCg e
wloaig xS s 5l (pH=0) Vgo +/) ol
o eJodoe J21 05nST 58 79,5 Sz ol wi
A oold yee Jodoe 5l 5= 5 AdSs O Lo
Chtsy (T e 8518 sl SIS (SeS
Oimgy A L= A il a8 5 sl slenie
5 00l Mol 09, Sl ay by e S b,z al
gy 9 9 LN o & (sbi9d 5 (9 Jolows |
plaul GUT leo 1o by (6,5 o3l den 8,5 plox]
S8 ool wl 0 50 0uls ZMol 09 xSl aS” Slej ol

40
20
E
. 0 4
204
-1 05 0
E/V

0.5 1

5l S s > e 2ol i (8 25,550 (b) g 2 o 3 0 2ol a8 39,551 (@) sl b sl ookl 1 S5
8) gy 5 Sl Sy e 53 0005 ol a0 35,550 (A) gl oo 13 00 2Dl s 0 35,550 (€) Vo9 0) 553
TV Sl e (PH= 8 il ) gyl ol tlaly (Ygog,Sen

YA

http://rjms.iums.ac.ir

WAA 5 F o,les Y9 )55 1g5jl) iaTuj ogle alan



0595 5 Obed e 8l Cojgrels gL b o g ol 59 Sl

5 oeelgd Slm Yo S 10T 1l (et
09,8J) el s (g, lp Yoae 9,50 /oY
Sbasges 13 (elisd 5 (59, e sl 0ol Lo
i Cald, mlis 5 08 )1 4 (Sjlse g
b Jols

i lpasiged )3 (pig) (s pSe il
5 o9y bl ead sleiing 99 551 b)) jslase
B s 9550 S5 (S3lsm iged 55 (eelygd
9y xS oslal sl ojlbial (fal8l by, e85
S lasliwl polie ¢jshaie oy .28, IS 4 ddiged ;o
Vo) oad 38 ol sladiges a4 (el 5 (59,
@5 pp b gy Soo g wad LA (e e
aS ol i mls .(V Jeuz) o S ol Sliokes]
9 9y e Sl WSl e 00l sl 39 Sl
WIFY b AU+ e ol bl s b paelgo
DS 18 solaiwl 590 w0

S 35 Az 9 Sy
Sl gl b ool g0 sl alglgilil  guizs cpl o
oolatwl (gl adads 0,8 04 xSl o Mol (gl o
OomlaST cpz ool Mol 09, =Sl ol 5ol
BLSI el S as o eolatwl g, 556154 xS
09,8l e )0 (pedigy (ygemlannST 4 gy pe 5l
2 S pdg S Gl el sl (oo 0nd 3L
Olss s 5Lds adlol mals b ogd OT OgemlinsT|
ool 09,50l jo Glojed job a1 usbgs 9 9,
Mol 05 5SUl Jo oS 5 90 cpl 0,5 (65 ojlasl oas
3 oolaiwl b Lol oS olon] Sligron sleSy oot
ol (g eldy by, 5 0ud 2Dlal 39 2SI

70

60

50 4

40 4

/nA

30

20 4

04
EV

Omebgd 9 09y bl (sl (Lol Ll sl Sgelidy = JS

M omeligd Al (loalalé g Vg0 9,500 B¢ (1) jl b clale

53 el Sa ol Ol s B IS5 Y0 9,8 £re b4/

oo Nl 8L) codg il Jolone sl el cdale Ll

emV st Sl cs o (pH=0)

VpA

Orlisd 5 o9y ol ln (3l b Sleel S 9oy —0 S
9y Alise lodald 5 Voo 9)Sa Feo el jlculh clald )
13 61 S ey Syt 15D JS Vg0 4550 OA- b +/-0]]

(F) U abo shul oy, cale Jlio

(V) JSb (dg)y y9am 50 (relisd j¥g0g,500 polie
S eelygd Homda> )0 (59, HYse9 S p3lie
Vs gSn o[-0 Fev s 018 b bl ()
D= DA 5 (s (F) JSb) cymelsgo sl
S g (S (O) I3 )59, sl Yo 950

(=) lash yl sladiges ;5 (pabigd g o9y (b3 =) Jgua

il aop ol (55 ojlul (g, ke o 03938l (159 ylade wged
(M) (uM

Veolf Vol+8 £V Ve
Veeled YooV £Y/YA Y. )l
aa/AY ya/ao £y/ay Y-
aa/A- Va/as £1/v) y-
Vel l¥Y Ye/ev /50 ¥ )
Veo/VO ¥olVe VY ¥

WA L5 oF o)lei YF o, 53 15il) uS.l.i'.lH ogle alan

AR

http://rjms.iums.ac.ir




S. Green synthesized silver nanoparticles @ zeolite
type A hybridized with carbon ceramic, AgZA-CCE,
as a new nano-electrocatalyst for detection of ultra-
trace amounts of rutin. Chem Phys Lett; 2018.
713:259-265.

10. Niu X, Weng W, Yin C, Niu Y, Li G, Dong R,
Men Y, Sun W. Black phosphorene modified glassy
carbon electrode for the sensitive voltammetric
detection of rutin. J Electroanal Chem; 2018.
811(15):78-83.

11. Gholivand MB, Mohammadi-Behzad L,
Hosseinkhani H.  Application of a Cu—
chitosan/multiwalled carbon nanotube film-modified
electrode for the sensitive determination of rutin.
Anal Biochem; 2016. 493:35-43.

12. Di Giovanni G, Esposito E, Di Matteo V. Role
of serotonin in central dopamine dysfunction. CNS
Neurosci Ther; 2010.16(3):179-94.

13. Carrera V, Sabater E, Vilanova E, Sogorb MA.
A simple and rapid HPLC-MS method for the
simultaneous  determination of  epinephrine,
norepinephrine, dopamine and 5-hydroxytryptamine:
Application to the secretion of bovine chromaffin
cell cultures. J Chromatogr B; 2007. 847(2):88-94.

14. Zhang L, Teshima N, Hasebe T, Kurihara M,
Kawashima T. Flow-injection determination of trace
amounts of dopamine by chemiluminescence
detection. Talanta; 1999. 50(3):677-83.

15. Wang HY, Sun Y, Tang B. Study on
fluorescence  property of dopamine  and
determination of dopamine by fluorimetry. Talanta;
2002. 57(5):899-907.

16. Wang HY, Hui QS, Xu LX, Jiang JG, Sun Y.
Fluorimetric ~ determination of dopamine in
pharmaceutical products and urine using ethylene
diamine as the fluorigenic reagent. Anal Chim Acta;
2003. 497(1-2):93-9.

17.Raj CR, Tokuda K, Ohsaka T.
Electroanalytical applications of cationic self-
assembled monolayers: square-wave voltammetric
determination of dopamine and ascorbate.
Bioelectrochemistry; 2001. 53(2):183-91.

18. Tsai TH, Thiagarajan S, Chen SM, Cheng CY.
Ionic liquid assisted synthesis of nano Pd-Au
particles and application for the detection of
epinephrine, dopamine and uric acid. Thin Solid
Films; 2012. 520(7):3054-9.

19. Snejdarkova M, Poturnayova A, Rybar P,
Lhotak P, Himl M, Flidrova K, Hianik T. High
sensitive calixarene-based sensor for detection of
dopamine by electrochemical and acoustic methods.
Bioelectrochemistry; 2010. 80(1):55-61.

20. Thiagarajan S, Chen SM. Preparation and
characterization of PtAu hybrid film modified
electrodes and their wuse in simultaneous
determination of dopamine. Ascorbic acid and uric
acid, Talanta;. 2007. 74(2): 212-222.

21. Belaidi FS, Civelas A, Castagnola V, Tsopela

http://rjms.iums.ac.ir

Sy ol

OA 08 5o (rdsy ln ooy (nl yo b oS
95 A= T relygs slpg SYge 9,50 ¢/ 0=
)55 5 s eyl 5| CUO/MWCNT/GCE

3 6ok FIPH cslio 005 aSol @ azgi b ol
8L sleslaiwl b oyl (6,05 o3lul oo g Sl
Sl oolel .u8,5 S pH clis 08game ol
Grdm )5 g eag ol jlewy yl 15 50 05 2SI
2 oeebiod 5 9y e Slp Wlgse s 9l (VL

255 18 oolaiul 9,90 e Su5elam sl diges

References

1. Yang J, Guo J, Yuan J. In vitro antioxidant
properties of rutin. LWT-Food Sci Technol; 2008.
41(6):1060-6.

2. Ziaee A, Zamansoltani F, Nassiri-Asl M,
Hadigol T, Ghasemi M. Study of hepatoprotective
effects of rutin on acetaminophen and carbon
tetrachloride-induced liver injury in rats. Pharm Sci;
2011. 7:35-42.

3. [3]Franzoi AC, Spinelli A, Vieira IC. Rutin
determination in pharmaceutical formulations using
a carbon paste electrode modified with poly
(vinylpyrrolidone). J Pharm Biomed Anal; 2008.
47(4-5):973-7.

4. Sun W, Wang Y, Gong S, Cheng Y, Shi F, Sun
Z. Application of poly (acridine orange) and
graphene modified carbon/ionic liquid paste
electrode for the sensitive electrochemical detection
of rutin. Electro Chim Acta; 2013. 109:298-304.

5.[5] He JL, Yang Y, Yang X, Liu YL, Liu ZH,
Shen GL, Yu RQ. B-Cyclodextrin incorporated
carbon nanotube-modified electrode as an
electrochemical sensor for rutin. Sens Actuators B;
2006. 114(1):94-100.

6. Sun W, Yang M, Li Y, Jiang Q, Liu S, Jiao K.
Electrochemical behavior and determination of rutin
on a pyridinium-based ionic liquid modified carbon
paste electrode. J Pharm Biomed Anal; 2008.
48(5):1326-31.

7.Zhu Z, Sun X, Zhuang X, Zeng Y, Sun W,
Huang X. Single-walled carbon nanotubes modified
carbon ionic liquid electrode for sensitive
electrochemical detection of rutin. Thin Solid Films;
2010. 519(2):928-33.

8. An J, Bi YY, Yang CX, Hu FD, Wang CM.
Electrochemical study and application on rutin at
chitosan/graphene films modified glassy carbon
electrode. J Pharm Anal; 2013. 3(2):102-8.

9. Rohani T, Mohammadi SZ, Karimi MA, Amini

WAA 5 F o,les Y9 )55 1g5jl) iaTuj ogle alan



0595 5 Obed e 8l Cojgrels gL b o g ol 59 Sl

A, Mazenq L, Gros P, Launay J, Temple-Boyer P.
PEDOT-modified integrated microelectrodes for the
detection of ascorbic acid, dopamine and uric acid.
Sens. Actuators B: Chemical; 2015. 214: 1-9.

22. Ulubay S, Dursun Z. Cu nanoparticles
incorporated polypyrrole modified GCE for sensitive
simultaneous determination of dopamine and uric
acid. Talanta; 2010. 80(3):1461-1466.

AR

WA L5 F o5l Y7 055 15y 1ySaisjs gl alan http://rjms.iums.ac.ir



