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SUMMARY

STUDY ON DEVELOMENT OF GLASSY CARBON DISK ELECTRODE MODIFIED WITH
L-CYSTEIN AND NANOPARTICLES-GOLD FOR DIFFERENTIAL PULSE
ANODIC STRIPPING VOLTAMMETRIC DETERMINATION OF URIC ACID

A new gold nanoparticles-modified electrode was fabricated by self-assembling gold
nanoparticles to the surface of the L-cysteine-modified glassy carbon electrode
(GC/L-cys/Au-nano). The modified electrode showed an excellent characteristicsfor
differential pulse anodic stripping voltammetric (DP-ASV) determination of uric acid
(UA) in 0.1 mol L™* phosphate buffer solution (PBS) (pH = 4.1). The anodic currents
of UA on the modified electrode were 12-fold to that of the bare GC. Kinetic
parameters of the UA electrode process such as electron transfer coefficient («) and
electron transfer rate constant (Ks) were calculated. Influences of the factors such as
pH, concentration of L-cysteine (L-cys), deposition potential (Egep) and time (tgep) ON
stripping current of UA were investigated. The DP-ASV with the modified electrode
gained high sensitivity (1.49 pA/uM), low detection limit (2.7 4M at Egep = +200 mV
and tge, = 20 s) and good linerrange in the UA concentration of 2.0 —404M.The
proposed method was successfully applied for the detection of UA in human urine and
serum samples(without the samples treatment)with satisfactory results: good accuracy
with recovery of 108 — 126% and good repeatability with relative standard deviation
(RSD) of 1.2 — 2.7% (n = 3).

Keywords: Uric acid, DP-ASV, Gold nanoparticles, L-cysteine.
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1. MO PAU

Axit uric (2, 6, 8,-trihnydroxypurine,
UA) la san pham cudi cing va ciing 1a
san pham chinh ciia qué trinh chuyén
hoa purin trong co thé con nguoi. Doi
vGi mot nguoi khoe manh, ndng do binh
thuong cua UA & 0,24-0,52 mM trong
huyét thanh va 1,4 — 44 mM trong
nuéc tiéu. Sy thay ddi bat thuong cua
UA trong huyét thanh va nudc tiéu cé
thé dan dén mot s6 bénh nhu bénh gut,
viém phoi, suy than, bénh tim mach va
hoi chung Lesch - Nyhan [1], [2], [3].
Chinh vi vay, viéc xac dinh ham lugng
UA trong cac mau sinh hoc nhu nuéc
tieu va huyét thanh s& cung cip cac
thong tin quan trong vé cac bénh lién
quan dén UA[4]. Trong nhiéu nim qua,
dé xac dinh UA, ngudi ta st dung nhiéu
phuong phap khac nhau nhu: phuong
phap phan tich tric quang, sac ky long,
enzyme, dién hoa,... Phuong phap tric
quang bi anh hudong manh cua axit
ascorbic[2]; Phuong phap enzimecd do
chon loc cao, nhitng kha dat tién.
Phuong phap phan tich dién hoa dat
duoc d6 chon loc tbt, chi phi phan tich
ré va ton it thoi gian hon nén dwgc quan
tam nhiéu [5].Trong nhitng nim gan
day, nhiéu nghién ctru di phat trién dién
cuc bién tinh véi kim loai kich thudc
nano dé xac dinh thanh céng UA trong
cdc mau sinh hoc nhu vang nano[2],
[6], ddng nano [7], paladi nano [8], bac
naono [9].Mot hudng nghién ctiru khéac
la phét trién cac dién cuc 1am viéc duoc
bién tinh véi cac chat vo co va hitu co
cua kim loai kich thudc nano nhu ruteni
oxit [10], holmi florua [11], bac
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hecxacyano ferat(IIl) [3],... Mat khac,
cac dién cuc lam viéc duoc bién tinh
vGi cac polyme hitu co bang phuong
phap dién héa ciing dugc phét trién dé
xac dinh UA nhu bién tinh dién cuc
than thay tinh bang axit poly-4-
aminobutyric [12], bién tinh dién cuc
vang bang L-cysteine (L-cys)[14].
Trong bai béo nay, chdng téi thdng bao
cac két qua nghién cau ché tao dién cuc
dia than thay tinh (GC)dugc bién tinh
VGi L-cys va vang nano (Au-nano) dé
xac dinh UA trong c&c mau nudc tiéu
va huyét thanh bang phuong phap von-
ampe hoa tan.

2. THUC NGHEM

2.1. Thiét bi va hda chat

- May phan tich dién hoa 693 VA
Proccessor kem hé dién cuc 694 VA-
Stand va may 797 VA Computracecua
hang Metrohm, Thuy Si. H¢ dién cuc
gé)m: dién cuc lam viéc 1a dién cuc GC
c6 duong kinh 2,8+ 0,1 mm; dién cuc
so sanh bac — bac clorua (KCI 3 M) va
dién cuc ddi 1a Pt;

- May cat nudc hai 1an Aquatron cia
hé@ng Bibby Sterilin, Anh.

- May do pH ky hiéu pHS5 cta hang
Martini, Rumani.

- Dung dich dém photphat (PBS) duoc
pha tir KH,PO, va KoHPO,tinh khiét ctia
Kanto, Nhat Ban.

- Dung dich L—cystein duogc pha tir L—-
cystein cua Merck, Puc.

- Dung dich chuan axit uric dugc pha
hang ngay tir hoa chit tinh khiét cua
Merck, Purc va duoc bao quan & —4°C.
- Nudc sach dé pha hoa chét 1a nudc cat
2 lan.



2.2.Chuén bi dién cuc 1am viéc

bién cuc GC dugc mai vai bot Al,O3
kich thuéc 0,05 um dén bong roi tia ria
bang nudc sach; Tiép theo, ngdm dién
cuc GC trong dung dich KOH 2 M
trong 10 phit; Rira bang nuéc sach va
ngdm raa trong bé siéu &m chira dung
dich H,SO, 2 M trong 15 phit. Liy
dién cuc ra va tia rira bang nude sach.
Sau d6 lam sach bang cach quét von-
ampe vong (CV) tir 0 mV dén 1000 mV
trong dung dich PBS 0,5 M, pH = 7,0
Vi toe do quét thé (v) 1a 100 mV/s. Sau
do lay dién cuc ra va tia rira bangnuéc
sach.

Tién hanh bién tinh dién cyc GC bang
cach phu mang L-cys lén bé mat dién
cuc bang cach quét von-ampe vong
(CV) trong khoang thé tir —1500 mV
dén +2500 mV trong dung dich chira
PBS 0,1 M, pH = 7,0 va L-cys 1,0.10°
M véi v = 100 mV/s (quet 20 vong);
Lay dién cuc ra, tia rira bang nudc sach,
réi ngam dién cyc trong dung dich vang
nano trong 12 gid ¢ 4°C. Dung dich
vang nano c6 kich thudc hat vang tir 5
dén 15 nm duoc céc tac gia [15] tao ra
biang cach st dung chitosan va
chitosanoligosacarit 1am chat kha va
chat 6n dinh. Lay dién cuc ra va tia rira
bang nudc sach. LGc nay trén bé mit
dién cuc GC da dugc pha mot 16p L-cys
va vang nano.Pay la dién cuc lam viéc
cho cac nghién ctu. Sau mdi lan lam
viéc dién cuc duoc bao quan trong PBS
0,1 M (pH = 7,0).

2.3. Tién trinh phén tich UA

Tién hanh xac dinh UA theo phuong
phap von-ampe hoa tan anot xung vi

phan (DP-ASV), dién cuc lam viéc la
dién cuc ché tao nhu & muc 2.2.Tién
trinh phan tich nhu sau: mau nude tiéu
hoic mau huyét thanh dugc dua vao
binh dién phan voi 3 dién cuc chira PBS
0,1 M, pH = 4,1.Tién hanh lam giau UA
1én bé mat dién cuc 1am viéc & thé dién
phan lam giau (Egep) +200mV va thoi
gian di¢n phan lam giau (tqep) 20 S, dung
dich dugc khudy véi tbe do khong ddi
o la 2000 vong/phat; Sau khi lam giau
ngirng quay dién cuc va nghi 10 s (trest).
Tiép theo ghi duong von-ampe hoa tan
bang k¥ thuat von-ampe xung vi phan:
Quét thé anot (Erange) tir +200 mV dén
+800 mV, bién do xung (AE) 80 mV,
thoi gian séng clia xung (tpuse) 40 ms,
budc thé (Ugep) 6 mV va thoi gian mdi
budc thé (tsep) 0,3 s (tbe do quét thé v =
20mV/s).Puong von-ampe hoa tan co
dang dinh. DPinh luong UA bang
phuong phap thém chuén voi 3 — 4 lan
thém.

3. KET QUA VA THAO LUAN

3.1. Pac tinh dién hoa cia UA trén dién
cuc lam viée

Khao sat dac tinh dién hoda cua UA trén
3 loai dién cuc lam viéc: i) dién cuc
GC; ii) dién cuc GC duoc bién tinh véi
vang nano (dwoc ky hiéu laGC/Au-
nano); iii) dién cuc GC duogc bién tinh
vai L-cys va vang nano (duoc ky hiéu
lJaGC/L-cys/Au-nano) biang phuong
phap DP-ASV va phuong phap CV,
nhung trudge khi quét CV tién hanh 1am
giau UA 18n bé mit dién cuc lam viéc ¢
Edep = +200 mV va tgep = 60 s.

Két qua khao sat duong CV trong
khoang thé tir —200 mV dén +800 mV
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VvGi v = 100 mV/s cho thay, ddi véi ca 3
kiéu dién cuc, déu xuat hién dinh anot
(hay dinh oxy hdéa UA), khong xuit
hién dinh catot. C6 thé cho rang qué
trinh dién hoa cua UA trén bé mit dign
cuc lam viéc 1a qua trinh bat thuan
nghich.

Két qua o hinh 1 cho thay: dién cuc
GC/Au-nano cho cuong do dong dinh
hoa tan (l,) nhé nhat va do lap lai cta I,
kém véi d6 léch chuan twong ddi
(RSD)la 5,6% (n = 4); So vai dién cuc
GC khong bién tinh, dién cuc GC/L-
cys/Au-nano c6 Iplén gap 12 lan va I,
c6 do lap lai tét véi RSD 1a 2,8% (n
=4). Nhu vay c6 thé xac dinh UA bing
phuong phap DP-ASV su dung di¢n
cuc GC/L-cys/Au-nano.

3.2. Anh hwéng caa ndng d L-cys va
s6 vong quét CV dé tao mang L-cys

l, cia UA phu thudc vao nong do cia
L-cys va s6 vong quétCV (ncv) dé tao
mang L-cys trén bé mit dién cuc GC
[14], [16].

Két qua khao sat trong khoang néng do
L-cys 0,5 mM —8,0 mM cho thay, ndng
do L-cysthich hop 1a 1,0.10° mM. O
nong do do, Iptrung binh (I, 1) cua UA
sau 4 phép do lap lai 1a 23,5 pA voi
RSD la 2,3%.
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I, cia UA v6i neytrong khoang tir 20 dén
60 vong la giam dan. Gia tri ncybang20
vongduoc lya chon dé bién tinh dién cuc
GC vai L-cys.

3.3. Anh hwéng caa pH

Trong dung dich PBS 0,1 M (pH = 2,2),
I, cia UA 16n nhat, nhung d I3p lai kém
nhat v6i RSD 1a 18,6% (n = 4) (hinh 2).
Trong khoang pH = 3,2 — 4,8, |, thay doi
khong dang ké, nhung khi pH 16n hon 4,8
thi I, giam manh. Gia tri pH =3,0-5,0 la
thich hop; pH =4,1 duoc chon cho cac thi
nghiém sau.

Vé 1y thuyét, giita gid trj thé dinh hoa
tan (Ep) va pH cua dung dich c6 quan
hé theo phuong trinh Nernst nhu sau
[11], [14]:

E,=E"- 00591 P p (1)
Trong d6, n va p 1a sb dién tir va sb
proton trao ddi cua UA, E° 14 thé oxy
héa khir tiéu chuin diéu kién cia cap
oxy hoa khir cua UA. Nhu vay, tir hé $6
goc cua phuong trinh néu ¢ hinh 2
(chap nhan n = 2 [9], [11], [14]) va
phuong trinh (1) dé dang suy ra sb
proton trao ddi cua UA trén dién cuc
GC/L-cys/Au-naono 1a 2. Diéu nay
cling phu hop véi két qua dugc thong
bao ¢ [16].
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Hinh 1.Cdc duong DP-ASV cua UA 30 pM
trong PBS 0,1 M (pH = 4,1) trén 3 loai dién
cuc: A) GC/Au-nano;B) GC va C) GC/L-
cys/Au-nano. DKTN: nhu ¢ muc 2.3 (thay
mau thdt la dung dich UA)

3.4. Anh hwéng ciaa téc dd quét thé
Giita I, va cin bac hai cta toc do quét thé
(V%) ¢6 twong quan tuyén tinh tét vai r =
0,9993 trong khoang v= 20-120 mV/s

(hinh 3)theo phuong trinh.
l, = (3,67 + 1,35) + (3,33 + 0,16) V'
(2)

Mat khac, gitta E, va In(v)cling co
tuong quan tuyén tinh tét voi r = 0,9814
theo phuong trinh.
E,= (0,587+0,020) +(0,020+0,005)In(v)
©) , ,
Theo Laviron E. [17], doi vai mét hé bat
thuan nghich, gitra E, va In(v) c¢6 tuong
quan tuyén tinh véi hé sé goc 1a RT/(1 —

a)nF nhu & phuong trinh.
_0 _ RT RTK RT
Ep_E (l-a)nF n (l-a)nF (l-a)nF Inv
4)

Trong d6, E° 1a thé oxy hoéa khir tiéu
chuan cua cap oxy hda khir lién hop, R
= 8,314 J/molK, T = 298K (25°C), F =
96500 C.mol™, n 1a sé dién tir trao doi
va a 1a hé sb chuyén dién tu. Tur (3) va
(4), ¢6 RT/(1 — o)nF = 0,020. Nhu dé
cap & trén, sb dién tir ma mot phan tu

E, = (0,860 + 0,053) + (-0,068 £ 0,009) pH;
080071 = 0,9920 1%

| p (nA)

Hinh 2.Sw phu thugc cua E, va l,(n = 4) cua
UA vao pH trong PBS 0,1 M trén dién cuc
GC/L-cys/Au-nano(diéu chinh pH bang dung
dich NaOH 0,1 M). BKTN: Cya = 30 uM, cac
DKTN khac nhu ¢ hinh 1

UA trao doi 12 2 (n = 2), suy ra hé s6
chuyén dién tir (o) 12 0,358.

Ciing c6 thé thay rang, gitta E, va v
cling c6 twong quan tuyén tinh tét (r =
0,9806) theo phuong trinh.

E, = (0,643 = 0,007) + (0,0004 =+
0,0001)v (5)

Theo Yang S. [18], gia tri E° trong
phuong trinh (4) bang doan cit trén tryc
tung trong phuong trinh (5) va bang
0,643 V. So sanh (3) va (4), suy ra:
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Hinh 3. Cac dwong DP-ASV cia UA ¢ tac
dé quét thé tir 20 — 120 mV/s. DKTN nhu
ohinh2; pH=4,1

0,587= 0,643 — —o|p Sk

(1-o)nF In (1-o)nF (6)
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Trong d6, Ks 1a hing sb téc d6 chuyén
dién tur.

Tu phuong trinh (6) véi cac giatriR, T,
F, n vaa d biét, tinh dugc Ks = 861 5™
3.5. Anh hwéng caa cac yéu té khac
Thévathoigiandiénphanlam giau (Egep
va tdep):

I, cua UA tidng khi ting Egep= —800 —
+200mV, sau d6 giam dan tir +200 dén
+800 mV.Mat khac, I, cua UA ting
tuyén tinh véi tge, trong khoang teep tir 5
dén 20 s (r = 0,9983) va sau d6 hau nhu
khong thay doi. Egep = +200 MV VA taep
= 20 s la thich hop.

Bién dé xung (AE) va téc do quay dién
cuc (w):

|, cia UA tang tuyén tinh véi AE = 10—
100 mV (r = 0,9991).Mat khac, I, cua
UA thay dbi khong nhidu khi o= 400—
3000 vong/phat. Gia tri AE va o duoc
chon twong ung la 80 mV va 2000
vong/phat.

3.6. Do tin cdy cua phwong phap
DP-ASV

3.6.1. D§ lap lai ciia dong dinh hoa tan
Do 1ap lai cua l,duge danh gia qua RSD
cua l, & 3 nong do khac nhau cua UA.
Két qua ¢ bang 1 cho thay,ddi véi ca 3
nong do, Ip cua UA dat duoc do 1ap lai
t6t voi RSD déu nhé hon 4% (n = 9).
3.6.2. Khoang tuyén tinh, d§ nhay va
giai han phat hién

Két qua tur 3 thi nghiém song song cho
thdy, gitra I, va nong do cia UA co
tuong quan tuyén tinh tét trong khoang
nong do tir 2,0 dén 40 pM (r = 0,9983)
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voi d6 nhay la 1,49 + 0,10 pA/uM va
gidi han phat hién 1a 2,7 £ 0,3 uM.

3.7. Ap dung thuc té

Phuong phap DP-ASV dung dién cuc
GC/L-Cys/Au-nano duoc 4p dung dé
xéc dinh truc tiép UA (tirc 1a khong qua
giai doan xtr Iy mau) trong 03 mau nudc
tiéu va 03 mau huyét thanh (thu dwogc
bang cach ly tdm mau mau) dugc liy
ngau nhién tir3 ngudi cé stic khoe binh
thuong & Thanh phé Hué. Pinh luong
UA bang phuong phap thém chuan.

Két qua & bang 2 va hinh 4 cho thay:

- Phuong phap dat dugc do ding tot Voi
d6 thu hoi (Rev) dao dong trong khoang

108% dén 126% va do lap lai tot véi
RSD nhé hon 2,7% (n = 3).
- Nong d6 cua UA trong c4c mau nudc
tiéu va huyét thanh déu & muc binh
thuong. Riéng nong do cua UA trong
01 mau (mau HT1) & muc canh bao [1],
[2]. [3].

Bang 1. Cac gia tri I, s va RSD ¢ cac

nong dé UA khéc nhau

Nong d6 UA (uM)

6 20 40
I, 78 (N=9) | 497 | 19,0 | 40,9
RSD (%) 3,6 2,1 0,9
DKTN: PBS 0,1 M (pH = 4,1); phuong
phap DP-ASV dung GC/L-Cys/Au-
nano; Egep = +200 MV; tgep = 20 s; AE =
80 mV; o = 2000 vong/phat; v = 20
mV/s.
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Hinh 4. Cdc duwong DP-ASV cia mau thuc té va 3 lan thém chudn (mdi lan thém 6 M
UA): (A) -mau nuoc tieu (NTL); (B)-mau huyét thanh (HT1). DKTN: nhu ¢ bang 1

Bang 2. Két qua xdc dinh nong dé UA trong mau nude tiéu(NT)
va mau huyét thanh (HT) (n = 3)

N Nong doUA trong | Nong do UA thém | Nong do UA tim RSD
Mau ~ . . Rev (%)
mau (mM)®@ vao mau (mM) thay (mM) (%)
NT1 1,51 0,07 1,20 2,81 108 1,9
NT2 2,43 + 0,08 1,20 3,94 126 2,7
NT3 2,96%0,06 1,20 4,31 113 2,0
HT1 0,61 0,02 0,60 1,34 121 2,4
HT2 0,40+0,03 0,60 1,11 119 1,2
HT3 0,51+0,02 0,60 1,22 118,0 2,03

@: C4c gi tri trong cot 1a gié tri trung binh +do léch chuin (n = 3).DKTN: nhw & bang 1

4. KET LUAN

bién cuc GC/L-Cys/Au-nano c6 thé
dung cho phuong phap DP-ASV dé xac
dinh nhay va truc tiép UA trong nudc
tiéu va huyét thanh ma khong can phan
hity mau truéc khi phan tich.
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