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Tém tit. Trong nghién cttu nay, dién cuc than thay tinh bién tinh véi polythiophene — chitosan da dugc
stt dung d€ phan tich dong thoi xanthine (XA), hypoxanthine (HX) va acid uric (UA) bang phuong phép
von-ampe hoa tan anét xung vi phan (DP-ASV). Déac tinh dién hoa trén bé mat dién cuc bién tinh duoc
nghién cttu thong qua khao sat sy anh hudng ctua pH va téc dd quét thé. Két qua cho thay sd electron va
sO proton trao d6i trong phan ting oxi héa xay ra trén bé mét dién cuc ctia cac chat phan tich UA, XA va
HX 1a béng nhau. Qua trinh xay ra trén bé mat dién cyc bién tinh la qua trinh bat thudn nghich. Qua
trinh dién hoa duoc ki€ém soat boi qua trinh hap phu d6i véi HX, ddng thoi boi qua trinh khuéch tan va
hap phu d6i véi XA va UA.

Tw khoa: polythiophene — chitosan, dién cuc than thuy tinh bién tinh, x4c dinh déng thoi UA, XA va
HX, hap phu - khuéch tan

Electrochemical behaviors of uric acid, xanthine, and hypoxanthine
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Abstract. In this study, polythiophene-chitosan-modified glassy-carbon electrodes were used for the
simultaneous determination of xanthine, hypoxanthine, and uric acid by the differential pulse anodic
stripping voltammetry method. The electrochemical behaviors of the three analytes on the electrode
surfaces were studied through the investigation of the influence of pH and the scanning rate. The results
show that the number of electrons and protons involved in the electrode process is equal. An irreversible
process takes place on the electrode. The electrochemical processes are adsorption-controlled for
hypoxanthine and mixed diffusion/adsorption-controlled for xanthine and uric acid.
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1 Mo dau

Xanthine (XA), hypoxanthine (HX) la cac san
phdm trung gian va acid uric (UA) la san phdm
cudi cung ctia qud trinh chuyén hda purine trong
co thé nguoi ciing nhuw déng vat [1]. Néng dd cua
ba dong phan nay trong cac dich co thé nhu huyét
thanh va nudc tiéu la mot trong nhing dau hiéu
cua mét s& bénh ly nhw bénh gout, bénh bach cau,
xanthin niéu va viém phdi [2]. Vi vay, can phat
trién cac phuwong phap xéc dinh déng thoi UA, XA
va HX trong cdc mau sinh hoc dé nghién ctru cac
chtic nang sinh 1y va hd tro chan doan 1am sang &
giai doan dau cta cac bénh ly lién quan. Céac
phuong phap dang duoc st dung dé€ xac dinh
dong thoi UA, XA va HX 1a sac ky 1éng hiéu ning
cao (HPLC) [3], dién di mao quan (CE) [4] va dién
hoéa [5-7]. Trong d6, phuwong phap HPLC va CE
thuong yéu cau thiét bi dat tién va chi phi phan tich
cao. Phwong phap dién héa da thu hat duoc sw
quan tdm ctia nhiéu nha khoa hoc nho c6 cac vu
diém nhu don gian, dd nhay cao va chi phi tuong
doi thap. Trong nhitng nam gan day, phuwong phap
stt dung dién cuc than thuy tinh bién tinh da trd
thanh phuwong phap phat hién dién hoéa pho bién vi
c6 do nhay, d¢ chon loc va d6 6n dinh tot [5, 8-10].

Mot s6 dan xuét ciia chitosan (CTS) da duoc
stt dung d€ bién tinh dién cuc than thay tinh (GC)
trong viéc xac dinh dong thoi cac chat phan tich
bang phuong phép dién héa [9, 11, 12]. Trong
nghién cttu nay, chung toi sit dung polythiophene
— chitosan (PTh-CTS) dé bién tinh dién cuc GC va
xac dinh dong thoi UA, XA va HX bang phuong
phap von-ampe hoa tan an6t xung vi phan (DP-
ASV). Cac ddc tinh dién hoa cuia ba chat phéan tich

trén bé mat dién cuc cing da duwoc nghién ctru
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thong qua khao sat anh huong cua pH va t6c do
quét thé.

2 Thuc nghiém

2.1 Hoéba chat va thiét bi

Céc hoda chat sit dung trong nghién cttu déu
la cac hda chét tinh khiét: thiophene, acid boric,
acid acetic va acid phosphoric cua hang Merck,
Dtrc; (NH4)2520s, Na2HPOs va NaH2POs cta hang
Xilong Scientific, Trung Qudc; cac chat chuan XA,
HX va UA ctia hang Merck, Pc.

Thiétbi la may phéan tich dién héa CPA-HH5
do Vién Hoa hoc, Vién Han Iam Khoa hoc va Cong
nghé Viét Nam ché tao véi dién cyc than thuy tinh
va binh dién phan di kem. May do pH EcoSense
pHI00A, M.

Cac dung cu thuy tinh déu dugc rira sach
tredc khi duing bang cdch ngam qua dém trong
dung dich HNOs 2 M, sau d6 rita siéu am va rita
lai bang nudc cat 2 Tan.

2.2 Tong hop polythiophene - chitosan

Chuén bi 3 dung dich: dung dich 1 chita 1,3
mL thiophene trong 20 mL nwdc cat; dung dich 2
chtra 0,2 g CTS hoa tan trong 10 mL dung dich acid
acetic 1%; dung dich 3 chita 4,13 g (NH4)2520s trong
20 mL nudc cat. Tién hanh siéu am dung dich 1
trong 30 phut, sau dé cho dung dich 2 vao dung
dich 1. Tiép theo, cho tir tir dén hét dung dich 3 vao
binh phan tng va khudy lién tuc trong 6 gio &
60 °C thu duwoc PTh-CTS.
2.3  Chuan bi va bién tinh dién cuc than thuay

tinh

bién cyc nén than thuy tinh (GCE), c6

dwong kinh 2,8 + 0,1 mm, duwgc mai bong véi bot
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AlL:Os chuyén dung c¢6 kich thudc hat 0,05 um. Tiép
theo, dién cyc dwoc ngam trong dung dich HNOs
2 M, sau d6 rira bang etanol. Cudi cling rita bang
nuodc cat 2 [an va d€ kho ty nhién ¢ nhiét d6 phong.
Lay 2,5 puL dung dich chtta PTh-CTS (2 mg/mL)
nho 1én bé mdt dién ceec GCE, d€ kho ¢ nhiét do
phong thu dwgc dién cwee GCE bién tinh véi PTh-
CTS (PTh-CTS/GCE). Phuwong phap von-ampe
vong (Cyclic Voltammetry, CV) dugc st dung dé
hoat héa PTh-CTS thanh PTh-CTS(act). Qua trinh
CV duoc thuc hién bang cich quét thé trong
khoang ttr 0 dén -1,7 V v6i tdc d6 quét 50 mVs va
9 vong quét va thu duoc dién cuc GCE bién tinh
véi PTh-CTS. Pién cuc nay duoc hoat héa b.:!mg
dién hoa (PTh-CTS(act)/GCE).

3 K&t qua va thao luan

3.1 Luwa chon dién cwc lam viéc

Phuong phap CV duoc dung dé nghién cttu
voi 3 loai dién cwe: GCE; PTh-CTS/GCE va PTh-
CTS(act)/GCE. Thi nghiém dwgc tién hanh nhu
sau: dung dich nghién cttu ¢6 thé€ tich 10 mL bao
gom: dém Britton-Robinson (BRB) 0,04 M (pH =7);
nong do UA, XA va HX 1a 3.10# M. Tién hanh quét
CV, mdi lan quét 1ap lai 4 1an, véi cac thong s6 nhu
sau: thoi gian lam giau (facc) 1a 10 s, thé lam giau
(Eacc) 1a-0.9 V, t&c d6 quét thé (v) la 20 mVs-.

Ca 3 dién cuc déu cho tin hiéu dong dinh hoa
tan cua ca ba chat phan tich XA, HX va UA. Tuy
nhién, dién cwc CTs-PTH(act)/GCE cho tin hiéu
dong dinh hoa tan cao hon hai dién circ GCE va
CTs-PTH/GCE (Hinh 1). Diéu nay chiing té rang
mot s6 nhoém chirc chita oxy cua CTs-PTH c6 thé
da bi khtr va do d¢6, cho két qua tét hon so véi CTs-
PTH khi ting dung phén tich dong thoi UA, XA va
HX. Vi vay, dién ceec CTs-PTH(act)/GCE duoc lya
chon d€ sit dung trong cac nghién cttu tiép theo.

3.2 Anh huéng ctia pH

Qua trinh oxy hda cua UA, XA va HX
thwong phu thudc vao pH ctuia dung dich [10]. pH
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anh huong téi thé dinh hoa tan (Ep) va cuong do
dong dinh hoa tan (Ip) ctia cac chét phan tich. Vi
vay, viéc khao sat d€ chon gid tri pH thich hop la
can thiét [6, 7]. Trong nghién cttu nay, ddc tinh dién
hda ctia UA, XA va HX trén bé mit dién cuc da
dwoc nghién cttu ¢ cac gia tri pH khac nhau cta
dung dich dém Britton-Robinson (BRBs) béng
phuwong phap DP-ASV. Dung dich nghién cttu c6
thé tich 10 mL bao géom dung dich chuan UA, XA
va HX ¢6 nong d6 3.10# M, dém B-R BS 0,04 M véi
cac giad tri pH thay d6i tir 4,0 dén 9,0. Cac thi
nghiém dugc tién hanh do ldp lai 4 Tan. Diéu kién
tién hanh thi nghiém: facc =10 s; Eacc=— 0.9 V; v =20

mVs-.

— GCE
35 —— CTs-PTHIGCE
—— CTs-PTH(act)/GCE

XA HX
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Hinh 1. Cac duong CV ctia UA, XA va HX st dung cac
loai dién cwc khac nhau
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Hinh 2. (a) Cac duwong DP-ASV va (b) I, tai cac gia tri
pH khao sat
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Tin hiéu hoa tan cua 3 chat UA, XA va HX
phu thudc vao pH cua dung dich (Hinh 2). Dé6i v6i
UA va XA, Iy tding manh & pH 3, sau d6 lai giam
manh & pH tit 4,0 dén 6,0. Gia tri I cia UA va XA
tang cao tai gia tri pH 7. Riéng déi véi HX, Ip tang
dan va dat gia tri 1on nhat & pH 7. Vi vay, pH 7 la
gia tri thich hgp duoc lua chon.

Mat khéc, tién hanh xay dung phuong trinh
héi quy tuyén tinh biéu dién méi tong quan gifra
Ep (V) cia UA, XA va HX va pH ctia dung dich thu
duoc cac phuwong trinh hoi quy tuyén tinh (Hinh 3).

1,2+
= UA
o XA
1,04 A HX
0,8+ y = (1,4001 £ 0,0338) + (-0,0629 £ 0,0047)x ; r = 0,991
S 0,6
o
i 04 ¥ = (1,0110 £ 0,0125) + (-0,0571 £0,0021)x ; r = 0,996
0,24
¥ = (0,6410 £ 0,0129) + (-0,0598 £ 0,0022)x ; r = 0,996
0,0 T T T T T T T T )
1 2 3 4 5 6 7 8 9 10

pH
Hinh 3. C4c duong hdi quy tuyén tinh biéu dién
méi twong quan gitta Epva pH

0
OH
NH NH +2H,0 NH NH
‘ /go -, >:0
J2H'-2e
o NH NH o NH | NH
OH
(UA)
0 0
NH \ +H,0 NH NH
Sy NH - 2H-2e Sy NH
(XA)
0 o}
NH NH +H,0 NH NH
| — | 0
4 -2H"-2e
o) NH N o) NH NH
(HX)

Hinh 4. Co ché& phan tng dién héa cta cac chat UA, XA

va HX xay ra trén bé mét dién cuc
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Gia tri Ep va pH c6 méi twong quan tuyén
tinh t6t vi hé s6 twong quan dao dong tir 0,991 dén
0,996. Két qua cac hé s6 goc tuong tng d6i véi cac
chat UA, XA va HX Ian luot 12 0,060(2); 0,057(2) va
0,063(5).

Theo ly thuyét, mot ban phan ting oxy hoda
khtr ¢6 thé dwoc biéu dién nhu sau:

Ox + ne + pH* 5 Kh 1)
Tt d6, phuong trinh biéu dién méi lién hé

gitta Ep va pH la:

E= Edgn — “=t xpH @)

trong d6 EQykn 13 the hinh thanh ctia cip oxy hoa
khtt lién hop (hay thé€ oxy hoa khit tiéu chuan diéu

kién).

Nhu vay, phuong trinh (2) va két qua Hinh
3 cho thay sd electron va sG proton trao doi trong
phan tng oxi hoa xay ra trén bé mat dién cuc cua
cac chat phan tich UA, XA va HX la bang nhau. Va
co ché phan ting dién hoa cua cac chat UA, XA va
HX xay ra trén bé méat dién cye véi su tham gia cua
2 electron va 2 proton duoc dé nghi nhu cac so do6
& Hinh 4 [13].
3.3 Anh huéng ctia tdc d6 quét thé

Trong phuwong phap von-ampe, t6c do quét
thé (v) c6 anh huong rdt 16n dén tin hiéu hoa tan
(Ep va Ip) cta chat phan tich. Néu toc do quét thé
16n thi thu duwoc tin hiéu hoa tan cao, nhung d6 can
ddi cta tin hiéu hoa tan giam di hodc c6 thé xay ra
hién tiong tach peak khong ro rang. Nguwoclai, khi
toc do quét thé nho thi do lap lai ctia phép do cao,
tin hiéu hoa tan thu duoc c¢é hinh dang can d6i,
nhung tin hiéu hoa tan lai thap [5, 7]. Mdt khdc, t6c
dd quét thé con lién quan chit ché dén dong hoc
cua phan ¢ng xay ra trén bé mat dién cuc [14] nhuw
hé s6 chuyén electron (o) va hang s8 toc d6 chuyén
electron (Ks) va ban chat caa qua trinh dién héa

trén bé mat dién cuec.



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 128,56 1C, 95-101, 2019

pISSN 1859-1388
eISSN 2615-9678

Dé€ khao sat t6c do quét thé, duong CV cua
UA, XA va HX duogc ghi dong thoi & cac tdc dd quét
khac nhau: 20, 50, 100, 150, 200, 300 va 400 mVs-1.

Khi tang t6c d§ quét, cwong do dong dinh
hoa tan anét (Ip) cling tang va dong thoi thé dinh
(Ep) cting dich chuyén vé phia duong hon (Hinh 5).
Mit khéc, Hinh 5 cling cho thdy qua trinh oxy hdéa
Khtr trén bé mét dién cuwe 1a mot qua trinh bat thuan
nghich va phan ting xay ra trén bé mat dién cuc la

mot qua trinh dién hoéa truec tiép [8].

Khi xem xét anh hudng ctia v dén Ep c6 thé
nhan thdy Ep phu thudc tuyén tinh véi v, thé hién
qua cac phueong trinh ¢ Hinh 6a.

Dua vao co s ly thuyét ctia Laviron [14], hé
s6 chuyén electron (as) va hang s8 toc do chuyén
electron (Ks) ¢6 thé xac dinh qua phuong trinh (3).
3)

_ 0 _ RT RTKg RT
E,=E (1-o)nF  (1—o)nF (1—a)nFlnv

trong d6 n 1a s6 electron trao ddi (1 = 2), R 1a hang
s6 khi (R = 8,314 J.mol-.K-!), T la nhiét d6 Kelvin
(T =298 K) va F la hang s6 Faraday (F = 96493
C.mol).

Hinh 6b biéu dién mdi quan hé tuyén tinh
gitta Ep va In(v). Doi véi hé bat thuan nghich, hé s6
gbc clia cac phuong trinh tuyén tinh nay sé bang
RT/(1 - a)-nF. Tr &6, cac gia tri a cuia UA, XA va
HX dwoc tinh toan va c6 gia tri ava = 0,671;

axa = 0,403 va anx=0,487.

Gia tri E° ctia cac cdp oxy hoa khtr lién hop
cua UA, XA va HX duoc xac dinh chinh bgmg hé so
chén trong phuong trinh hdi quy biu dién méi
twong quan gitta Ep va v (Hinh 6a) va lan luot la
0,275V, 0,651 V va 0,990 V [15]. Ttx d9, gia tri Ks
duoc tinh toan tuwong tng voi ba chat phan tich
UA, XA va HX la 1198 s, 1670 s va 2088 s-1. Két
qua nay cho thay tdc d6 trao d6i electron trén bé

mat dién cuc la twong d6i 1on [7].

Tinh thuan nghich va ddc tinh dién hoéa cua
phan ting xay ra trén bé mat dién cuc duoc quyét

dinh boi qud trinh khuéch tan hay hap phu va c6
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thé duoc xac dinh thong qua moéi twong quan gitra
cac dai lvgng nhw cuong d6 dong dinh (Ip) va v'~2
va In(Ip) va In(v) [8]. Hinh 7a thé hién moi quan hé
tuyén tinh gitta (Ip) va v12 va cdc duong thang nay
khong di qua goc toa dd. Diéu nay cho biét qua
trinh dién héa trén bé mat dién cuc xay ra qua hai
giai doan. Giai doan thit nhat la phan ting dién hoa,
tiee 1a 6 sy trao ddi electron va giai doan thit hai la
phan tng héa hoc dong thé. Diéu nay hoan toan
pht hop véi nghién ctru ctia Soleymani va cong sw

[8].

5004

400+

300 -

200+

I (A)

100+

100 —— ———— T
-0.20.0 02040608 1012141618

EMV)

Hinh 5. Cac duong CVs ¢ cac toc d6 quét thé (v, mV/s)
khac nhau

a)
= UA

y = (0,6495 £ 0,0061) + (1,5719E-4 + 0,2839E-4)x ; r = 0,927 o XA

4 HX
1,04 M

0,84

1,24

y = (0,9816 % 0,0054) + (1,6881E-4 + 0,2490E-4)x ; r = 0,950

S '__,___.__-———'—————'—_"'
o
LT 0.6
0,4 y = (1,2913 £ 0,0062) + (1,7032E-4 + 0,2889E-4)x ; r = 0,935
0,2 T
0 100 200 300 400
v(mV/s)
b) = UA
1,2 e XA
A HX
y = (0.9005 + 0.0055) + (0.0231 + 0.0011)x ; r = 0.994
1,04
0,8
. y = (0.5712 £ 0.0034) + (0.0221 % 0.0007)x ; r = 0.998
b .___’_._____.__—'——0-——"—"
o
L 0.64
0,4 y =(0.1539 £ 0.0135) + (0.0334 £ 0.0028)x ; r = 0.983
0,2

30 35 40 45 50 55 60
In(v)
Hinh 6. Cac duong hdi quy tuyén tinh biéu dién méi
twong quan gitta (a) Ep va v (b) Ep va In(v)
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Nhéan dinh nay dwoc lam sang té hon nho
két hop vdi két qua cta sy phu thudc In(lp) vao
In(v) (Hinh 7b). In(Ip) cua UA, XA va HX déu phu
thudc tuyén tinh t6t voi In(v) voi hé s6 twong quan
twong ung la 0,997, 0,998 va 0,962. Hé sG goc cua
phuong trinh tuyén tinh d6i véi UA, XA va HX Tan
Tuot 14 0,848(3); 0,633(20) va 1,117(141). N&u hé s8
gbc nay bang 0,5 thi qua trinh dién héa dwoc kiém
soat boi qua trinh khuéch tan va néu bang 1,0 thi
duoc ki€ém soat béi qua trinh hap phu [8, 16]. Nhw
vay, doi véi HX, qua trinh dién hoa dugc kiém soat
bdi qua trinh hap phu. Qua trinh dién hoa cua UA
va XA trén dién cuc dwgc kiém soat boi ca qua
trinh hap phu va khuéch tan. Sw hdp phu cua cac
chét phan tich trén bé mat dién cuyre xay ra do phan
t¢ cia PTh-CTS chita cac nhém chitc hydroxyl
(OH) c6 kha ndng tham gia tao lién két hydro voi
cac nhom chitc C=0, C=N va NH trong phan ttt cua
UA, XA va HX. Do d6, qud trinh hdp phu trén dién
cuc la qua trinh hdp phu hdéa hoc thong qua lién két
hydro gitta chat phan tich va vat liéu bién tinh dién
cuc [17].

4  Kétluan

Dién cuc than thuy tinh bién tinh bang
polythiophene — chitosan duoc hoat héa bang dién
héa da duwgc diéu ché€ thanh cong. Cac tin hiéu
dong dinh hoa tan cta acid uric, xanthine va
hypoxanthine tach nhau ro rét tai cac thé dinh
tuong tng la 0,23; 0,62 va 0,95 V. Cac ddc tinh dién
hoa ctia acid uric, xanthine va hypoxanthine trén
bé mat dién cuc than thay tinh bién tinh bféng
polythiophene — chitosan da dwoc nghién citu
thong qua sy anh huong ctia pH va t6c do quét thé
bang phuong phép von-ampe vong va von-ampe
hoa tan xung vi phan. Cac két qua cho thdy dién
cuc bién tinh la dién cuc tiém ndng trong phan tich
dong thoi cling nhu riéng 1é cac chat phan tich acid

uric, xanthine va hypoxanthine.

100

a)
1604 y = (-40,7784 + 11,5519) + (10,3045 + 0,8750)x ; r = 0,982 n
® UA
1404 e XA
A HX

204 y =(-22,3394 + 3,4158) + (08,1943 + 0,2587)x ; r = 0,998

04 y =(-9,9349 +1,6169) + (5,2179 +0,1225)x ; r = 0,999

4 6 8 10 12 14 16 18 20 22
wl2

b) _—

e XA
A HX

y = (-1,4029 +0,1460) + (0,8477 £ 0,0030)x ; r = 0,99

v =(0,7867 +0,0964) + (0,6334.+ 0,0197)x ; r = ,998

y =(-1,3338 £ 0,6882) +(1,1169 + 0,1408)x ; r = 0,962

3:0 3:5 4:0 4:5 5:0 5:5 6:0
In(v)

Hinh 7. C4c duong hdi quy tuyén tinh bidu dién méi

teong quan gitra (a) I va v'2 (b) In(Ip) va In(v)

Tai liéu tham khao

1. Yamamoto T, Moriwaki Y, Takahashi S. Effect of

ethanol on metabolism of purine bases
(hypoxanthine, xanthine, and uric acid). Clinica

Chimica Acta. 2005;356(1-2):35-57.

2. Heinig M, Johnson RJ]. Role of uric acid in
hypertension, renal disease, and metabolic
syndrome. Cleveland Clinic Journal of Medicine.
2006;73(12):1059-1064.

3. Cooper N, Khosravan R, Erdmann C, Fiene ], Lee ]
W. Quantification of wuric acd, xanthine and
hypoxanthine in human serum by HPLC for
pharmacodynamic studies. Journal of Chromatography
B. 2006;837(1-2):1-10.

4. Zhao S, Wang ], Ye F, Liu YM. Determination of uric
acid in human urine and serum by capillary
electrophoresis with chemiluminescence detection.
Analytical Biochemistry. 2008;378(2):127-131.

5. Felix FS, Ferreira LMC, Vieira F, Trindade G M, Ferreira
VSSA, AngnesL. Amperometric determination of
promethazine in tablets using an electrochemically



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 128,56 1C, 95-101, 2019

pISSN 1859-1388
eISSN 2615-9678

10.

11.

reduced graphene oxide modified electrode. New
Journal of Chemistry. 2015;39:696-702.

Lan D, Zhang L. Electrochemical synthesis of a novel
purine-based polymer and its use for the simultaneous
determination of dopamine, uric acid, xanthine and
hypoxanthine. Journal of Electroanalytical Chemistry.
2015;757:107-115.

Zhang F, Wang Z, Zhang Y, Zheng Z, Wang C, Du Y,
Ye W. Simultaneous electrochemical determination of
uric acid, xanthine and hypoxanthine based on poly(l-
arginine)/graphene composite film modified electrode.
Talanta. 2012;93:320-325.

Soleymani ], Hasanzadeh M, Shadjou N, Khoubnasab
JM, Gharamaleki JV, Yadollahi M, Jouyban A. A new
kinetic-mechanistic approach to
electrooxidation of doxorubicin hydrochloride in
unprocessed human fluids using magnetic graphene
based nanocomposite modified glassy carbon electrode.
Materials Science and Engineering: C. 2016;61:638-650.

elucidate

Yin H, Zhang Q, Zhou Y, Ma Q, Liu T, Zhu L, Ai
S. Electrochemical behavior of catechol, resorcinol
and hydroquinone at graphene—chitosan composite
film modified glassy carbon electrode and their
simultaneous determination in water samples,
Electrochimica Acta. 2011;56(6):2748-2753.

Ojani R, Alinezhad A, Abedi Z. A highly sensitive
electrochemical sensor for simultaneous detection of
uric acid, xanthine and hypoxanthine based on
poly(l-methionine)  modified glassy carbon
electrode, Sensors and Actuators B: Chemical.
2013;188:621-630.

MansouriMajd S, Teymourian H, Salimi A, Hallaj
R. Fabrication of electrochemical theophylline sensor
based on manganese oxide nanoparticles/ionic liquid/

DOI: 10.26459/hueuni-jns.v128i1C.5403

12.

13.

14.

15.

16.

17.

chitosan nanocomposite modified glassy carbon
electrode. Electrochimica Acta. 2013;108:707-716.

Niu X, Yang W, Ren J, Guo H, Long S, Chen ], Gao
J. Electrochemical behaviors
determination of guanine and adenine based on
graphene—ionic liquid—chitosan composite film
modified glassy carbon electrode. Electrochimica
Acta. 2012;80:346-353.

and simultaneous

Lavanya N, Sekar C, Murugan R, Ravi G. An
ultrasensitive electrochemical sensor for simultaneous
determination of xanthine, hypoxanthine and uric acid
based on Co doped CeO: nanoparticles. Materials
Science and Engineering C. 2016;65:278-286.

Laviron E. General expression of the linear potential
sweep voltammogram in the case of diffusionless
electrochemical systems. Journal of Electroanalytical
Chemistry. 1979;101:19-28.

Yang S, Qu L, Yang R, Li J, Yu L. Modified glassy
carbon electrode with Nafion/MWNTs as a sensitive
voltammetric sensor for the determination of paeonol
in pharmaceutical and biological samples. Journal of
Applied Electrochemistry. 2010;40(7):1371-1378.

Pierini GD, Robledo SN, Zon MA, Di Nezio MS, Granero
AM, Fernandez H. Development of an electroanalytical
method to control quality in fish samples based on an
edge plane pyrolytic graphite electrode. Simultaneous
determination of hypoxanthine, xanthine and uric acid.
Microchemical Journal. 2018;138:58-64.

Chang JL, Chang KH, Hu CC, Cheng WL, Zen JM.
Improved voltammetric peak
sensitivity of uric acid and ascorbic acid at
nanoplatelets of graphitic oxide. Electrochemistry
Communications. 2010;12:596-599.

separation and

101



