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ABSTRACT

A novel chitosan-carboxylated multiwall carbon nanotube modified glassy
carbon electrode (CTS/MWNT/GCE) was devel oped to investigate the oxi-
dation behavior of hypoxanthine using cyclic voltammetry and linear sweep
voltammetry modes. The electrochemical behavior of hypoxanthine was
investigated with great detail. Under the optimized conditions, the oxida-
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tion peak current is proportional to the concentration of hypoxanthine over
therangefrom 3.0x10-"mol/l to 2.0x 10 mol/l with adetermination limit (S/
N=3) 8.0x10-¥moal/l. The proposed method was successfully applied in the

detection of hypoxanthinein fish samples.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Chitosan, whichisderived from chitin (anauraly
occurring polysaccharidefoundininsects, arthropods
and crustaceans) by de-acetylation, hasexcellent bio-
logica compatibility, and hasbeen extensively used as
modifier duetoitsamino groupsand hydroxy groups™
4, Besides, chitosanisanatura polymer, usingit asa
dispersant i sthe requirement of environment of protec-
tion. Carbon nanotubes (CNT) arenew and interesting
membersof the carbon family offering unique mechani-
cal and e ectronic properties combined with chemical
gtability. Theactivesite being theend of thetubesmake
CNT holdexcdlent properties®, so CNT modified solid
el ectrode hasattracted much attention. But theinsolu-
bility of it in most solventsrestraineditsapplicationin
electroandysg?.

The devel opment of detection for hypoxanthine
(HX) isof medica and biologica importance®®. On
the other hand, thelevel s of these compounds aregen-
erdly usedinthefoodindustry asanindex for evauat-
ing meat or fish freshnesd”. A great number of methods
have been devel oped for the determination of hypox-
anthineincluding high performanceliquid chromatogra-
phy (HPLC)®, chromatography!®, spectrophotom-
etryt®. Additionally, various € ectrochemical methods
using different e ectrodes have a so been reported be-
causeof high sengtivity and extremesimplicity. For ex-
ample, aelectrochemiluminescent (ECL) biosensor
based on an el ectrically heated carbon paste e ectrode
(HCPE) that was surface modified by xanthine oxidase
(XOD) wasdesigned for hypoxanthinedetection™. The
linear rangeisfrom 8.0x10" mol/l to 3.0x10*mol/l at
a temperature of 25°C and from 6.0x10" mol/l to
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2.0x10" mol/I at atemperature of 35°C. A Pd-IrO,
modified €l ectrodeand amesoporous TiO,-modified
carbon paste el ectrode were employed for the deter-
mination of hypoxanthing*23,

In this paper, a novel chitosan-carboxylated
multiwall carbon nanotube (MWNT) modifier wasob-
tained by putting carboxylated MWNT into chitosan
solution (0.5%), achieving a chitosan-carboxylated
MWNT modified glassy carbon electrode (CTS/
MWNT/GCE). The CTS'MWNT/GCE was used for
the detection of hypoxanthine. Compared withabare
electrode, the CTSMWNT/GCE showed asignificant
enhancement effect on the oxidation peak current of
hypoxanthine, and an € ectrochemica method waspro-
posed to detect hypoxanthineinfish samples. Thenew
procedure possesses severa advantages, such aseasy
modification of theelectrode, alower detection limit,
excdlent reproducibility, highly stability and low cost.

EXPERIMENTAL

Apparatusand reagents

All the e ectrochemi cal measurementswere per-
formed withaCHI 650B e ectrochemica work station
(Shangha ChenhuaCo., China). A conventiond three-
electrode system was used with amodified or bare GC
electrode (3mmin diameter) asworking electrode, a
platinum wired ectrode as counter electrode and asatu-
rated calomd eectrodeasareferencedectrode. APHS
3C PH Meter (Shanghal precision & scientificinstru-
ment Co., LTD, China) combined PH electrode was
used for pH measurement. All potentialswerereferred
tothe SCE.

Thechitosan solution (0.5%) wasprepared by dis-
solving 0.01g chitosan (purchased from Fluka,
deacetylation degree>85%) in 2 ml 2 mol/l acetic
acid®, TheMWNT used inthiswork (obtained from
theInstitute of Nanometer, ChinaCentral Norma Uni-
versty) weresynthesized by the catal ytic pyrolysis. And
purification beginswitha7 hreflux under thecondition
of magnetic heat sirringin2moal/l nitricacid, thenultra-
sonicdispersing for 1 hinthick muriatic acid, washing
withredigtilled water until aneutral solutionisgained™.
Hypoxanthine (purchased from Sinopharm Chemical
Reagent Co., LTD, China) wasdissolvedin 0.01 mol/
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| NaOH toform 1.0x 102 mol/l stock solutionand then
stored at 4°C. In the experiment, hypoxanthine stock
solution wasdiluted to working solutions at desired
concentration using redistilled water. All thechemicas
were used without further purification and all the solu-
tionswere prepared with redistilled water. All experi-
ment were carried out at room temperature (approx.25
°C).

Preparation for chitosan-MWNT modified GC
electrode

0.2 mg carboxylated MWNT was puttedinto 2 ml
chitosan solution (0.5%), ultrasonic agitation for afew
minutes, then ablack chitosan-MWNT suspensonwas
obtained. Before being modified, the GCE was pol -
ished with 0.3 and 0.05um aluminum slurry, rinsed thor-
oughly with redistilled water, then ultrasonicaly rinsed
with acetone, alcohol and redistilled water for 1 min
each, and dried under aninfrared lamp. After the GCE
was cooled, it was smeared evenly with 10 pl of a
chitosan-MWNT solution by amicro-syringe, and then
dried under aninfraredlamp for 10 min. After cooling,
the chitosan-MWNT modified GC electrode (CTS/
MWNT/GCE) could beused. The chitosan modified
GCE (CTS/GCE) was prepared by the same method.

Experimental procedure

A 0.1 moal/l phosphate buffer solution (pH=7.0) was
used asthesupporting € ectrolyteinaconventiond eec-
trochemicdl cdll. At the begin beginning of experiment,
acertainvolumeof hypoxanthinestandard solutionwas
placedinto thecell to make up 10 ml mixturesolution.
The accumulation was carried out at open circuit via
dtirring thesolutionfor 2 min, and then kept quiet for 10
s. Thevoltammogramswererecorded between 0.0V
and 1.0V at ascanrateof 100 mV/sAfter each mea-
surement, themodified e ectrodewas activated by suc-
cessive cyclic voltammetric sweepsbetween 0.0V to
1.0V a 100 mV/sin ablank phosphate buffer solution
(pH=7.0).

RESULTSAND DISCUSSION

Voltammetricresponsesof hypoxanthineat CTS/
MWNT/GCE

Figure 1 Shows the successive cyclic
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voltammograms of hypoxanthineat chitosan-MWNT
modified GCEin 0.1 mol/l phosphate buffer solution
(pH=7.0), During thefirst anodic sweep from 0.0 to
1.0V at scanrate of 100 mV/s, an oxidation peak at
0.78V isobserved for 2.0x10¢ mol/l hypoxanthine.
On thereversescan, no corresponding reduction peak
isobserved, indicating that the el ectrochemical oxi-
dation of hypoxanthineistotally irreversible. Other-
wise, the oxidation peak current obviously decreases
during the second cyclic potential sweep, maybe at-
tributed to the adsorption of oxidative product at the
electrode surface.

Current / pA

06 04 02

Potential / V
Figurel: Successivecyclic voltammogramsof 2.0x10° mol/
[HX at CTSSMWNT/GCE in 0.1 mol/l PBS (pH=7.0) Scan
rate: 100 mV/s

0.8
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Cyclic voltammograms of hypoxanthine at the
chitosan-MWNT modified GCE, chitosan modified
GCE and bare GCE were shown in Figure 2. At the
bare GCE, awesk irrevers blewavewith oxidation pesk
potential at 0.78V (curve 2a), and at the CTS/GCE,
thereisno dectrochemistry response (curve 2b), while
at the CTS'MWNT/GCE, the oxidation peak current
increased significantly (curve 2c), whichimplied that
chitosan-MWNT modified GCE held the propertiesthat
wasfavorableto the oxidation of hypoxanthine. Better
performance of hypoxanthineon CTSMWNT/GCE
wasattributed tothe MWNT potential porousleading
tothelarger éectroactive surface areaand thusgreater
response of hypoxanthing.

Effect of thesupporting dectrolyteand solution pH

Asakey factor affecting the el ectrochemical re-
sponsesof 2.0x10 mol/l hypoxanthine, different sup-
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Figure2: Cyclicvoltammogramsof 2.0x10° mol/I HX in 0.1
moal/l PBS(pH=7.0) at (a) bare GCE, (b) CTS/GCE, (c) CTY
MWNT/GCE. Scanrate: 100mV/s

1.0 0.8 0.0

porting el ectrolytesweretested by CV, including 0.1
mol/I phosphate buffer solution (PBS, pH 4.5-8.5),0.1
mol/l sodium acetate-acetic acid buffer solution (NaAc-
HAc, pH 4.0-6.0) and other different acidsand aka-
lies, suchasH,SO, (0.1 mal/l), HCI (0.1 moal/l), HCIO,
(0.1 mol/l) and NaOH (0.1 mol/l). It wasfound that the
oxidation peak current and the voltammogram shape
were best defined in phosphate buffer solution. There-
fore, aphosphate buffer solution was used for the de-
tecting hypoxanthine,

ThepH effect of the supporting el ectrolyte onthe
peak potential and the peak current for the oxidation of
hypoxanthine was studied, aswas shownin Figure 3.
AspH vaueincreasing from 4.5t0 6.5, the oxidation
peak current of hypoxanthineobvioudyincreased. When
further improving thepH vauefrom 6.5t0 8.5, the oxi-
dation peak current changed very dightly. In addition,
aspH valueincreasingfrom4.5t0 8.5, theE " shifted
linearly to more negative potentia , obeying thefol low-
ing equation: E .= 1.2106-0.06158pH. Theslopeof
E pa/pH iS-61.58 mV, indicating that thenumber of €lec-
tronsand protonsinvolved in the oxidation of hypox-
anthineisthesame.

Effect of theamount of chitosan-MWNT modifier
at the CTSSMWNT/GCE

Theamount of chitossn-MWNT suspensiononthe
surface of electrode affected the oxidation peak cur-
rent of hypoxanthine. Figure 4 showed that the peak
current of hypoxanthine enhanced when theamount of

Au Tudian Yournal



ACAIJ, 11(1), 2012

Lizhu Yang et al. 9

4.4-

by
=]
1

w
@

FPeak Current / uA
o] L]
oo ra

M
'

pH
Figure3: Effect of thesolution pH on oxidation peak current
of 2.0x10°mol/IHX at CTSMWNT/GCE in 0.1 mol/l PBS
(pH=7.0). Scanrate: 100mV/s

chitosan-MWNT suspension increased, which prob-
ably because of the presence of electro-reactive sites
whichincreased withtheamount of MWNT®, Thepesk
currentisvery highwhen used 8ul of chitosan-MWNT
suspension. Further increasing the amount of the
chitosan-MWNT suspension, thepeak current almost
keep stable. However, whenit exceeds 12 ul, the back-
ground current enhanced whilethe peak current con-
versaly decrease. These becausethefilmonthee ec-
trode surfacewastoo thick, which prevented the elec-
tron transfer between hypoxanthineand electrode. In
thispaper, 10 ul of chitosan-MWNT suspension was
used for voltammetric determination of hypoxanthine.
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Figure4: Effect of amount of chitosan-MWNT suspension on

oxidation peak current of 2.0x10° mol/l HX in 0.1mol/l PBS
(pH=7.0). Scanrate: 100mV/s
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Effect of accumulation conditions

Accumulationisasmpleand effectiveway to en-
hancethe determination sensitivity. Accumul ation po-
tentid and accumulation time havetobeconsideredin
acommon accumul ation step. The oxidation peak cur-
rent of 2.0x10° mol/I hypoxanthinewas measured af-
ter 2min accumulation under different potential aswell
as open circuit. The peak currents almost keep un-
changed, revealing that theaccumulation potentia has
no influence on the oxidation peak current of hypoxan-
thineat the CTS'MWNT/GCE. Thus, the accumul a-
tion step was performed under open circuit.

Figure 5 showsthe dependence of oxidation peak
current onthe accumulation time. when theaccumula
tiontimeincreased from 0to 2 min, the oxidation peak
current increased obvioudy. However, with further in-
creasi ng accumul ation timethe oxidation peak current
changesdightly. Considering both the sensitively and
working efficiency, an accumulationtimeof 2 minwas
chosen astheoptima accumulationtime.
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Figure5: Effect of accumulation timeon oxidation peak cur-
rent of 2.0x10°mol/l HX at CTS/MWNT/GCE in 0.1 mol/I
PBS(pH=7.0). Scan rate: 100mV/s

Effect of scan rate

Therelation between peak current and scan rate
had becomethe diagnosti ¢ criteriain distinguishing con-
trolled step of electrode process for oxidation reac-
tionsoccurred at € ectrode surface. Onthe other hand,
athough the peak current increased with theincrease
of scanratethebackground current was enhanced too.
High scan ratewas not suitablefor the measurement of
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peak current. In thiswork, effects of scan rate (v) on
the oxidation peak current (ipa) of 2.0x10°¢mol/l hy-
poxanthine were examined by CV in 0.1 mol/l PBS
(pH=7.0). The oxidation peak current of hypoxanthine
was proportional to the scan ratein therangefrom 25
to 200 mV/sand could beexpressed asfollows: ipa(uA)
=3.176 v (mV/s) +0.917 (R=0.999). Thus, theelec-
trode process was controlled by the adsorption step
and the scan rate 100 mV/swas chosen for quantita-
tiveandysisof hypoxanthine.

Calibration gragh, detection limit, and reproduc-
ibility

Therelationship between the oxidation peak cur-
rent (i pa1) of hypoxanthine and its concentration (C) was
investigated in 0.1 mol/l phosphate buffer solution
(pH=7.0) by SLV. Figure 6 showed the current response
of different concentration of HX. Thelinear graphin-
creasesfrom 3.0x107 mol/l to 2.0x10*mol/l witha
regressionequationof i , (uA) =1.385+1.307x10°C,
(mol/l) (r=0.998). Thedetectionlimit (S'N=3) is8.0x 100
8moal/l.

Current / pA
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Potential / V

Figure6: Linear sweep voltamogramsof different concen-
tration of HX in 0.1 mol/l PBS (pH=7.0): (&) 0, (b)5.0x10~"
mol/l, (c) 1.0x10¢ mol/l, (d) 2.0x10-°moal/l, (e) 4.0x10-°mol/l,
(f) 5.0x10-°mol/l and (g) 1.0x10°>mol/l at CTSIMWNT/GCE.
Scanrate: 100 mV/s

Thereative standard deviation (RSD) of 3.5%for
10-timesparalld detectionsof 2.0x10°mol/l hypox-
anthine suggests excellent reproducibility of CTS
MWNT/GCE. Additiondly, thereproducibility between
multiple el ectrode preparationswas estimated by com-
paring the oxidation peak current of 2.0x10-°mol/l hy-
poxanthine. The RSD is 4.4% for the same CTSY
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MWNT/GCE modified 10 times, revealing that the
method for preparation CTS/MWNT/GCE hasgood
potentia applications. Thelong-term stability of the
CTSIMWNT/GCE wastested by measuring the cur-
rent responseat afixed hypoxanthine concentration of
2.0x10°mol/l over 10 days. The CTSMWNT/GCE
was used daily and stored in air. After 10 days, the
current response only decreases 4.5%, suggesting that
CTSYMWNT/GCE reported inthiswork haslong-term
dability.

Interference

Thepossibleinterferencesof other biomolecules
on thedetermination of hypoxanthinewerestudied un-
der theabove-optimized conditions. It wasfound that
100-fold concentration of ascorbic acidand uric acid,
50-fold of concentration xanthine, urea, glucose, lactic
acid, serine, oxalic acid, guanineand adenine, and 20-
fold concentration dopamineand cysteined most have
no influence on the determination of 2.0x10¢mol/l hy-
poxanthine (signa change bel ow 5%), which demon-
strated the good sel ectivity of the CTSIMWNT/GCE
devel oped for thedetection of hypoxanthine.

Deter mination of samples

The performance of the CTSSMWNT/GCE for the
analysis of real fish samples was tested. Fish tissue
sampleswere macerated with 0.5 mol/l perchloricacid
for about 1h. After centrifugation at 8000 rpm for 10
min, the supernatant extract wastransferredinto 0.1
mol/l phosphate buffer solution of pH 7.0. Then before
determination, theextractswerediluted to appropriate
concentration. In order to testify theaccuracy of this
method, hypoxanthine standard sol ution was added into
the sample, and the recovery wastested. TABLE 1
summarized theanal ytical resultsand therecovery of
the sensor performance. Therecovery isintherange

TABLE 1: Deter mination of hypoxanthinein fish samples.

Samples Found Added Total Recovery
NO. (umol/l)  (pmol/l)  (nmol/l) (%)
1 20.0 20.0 40.5 102.5
2 24.5 20.0 45.3 103.2
3 18.7 20.0 39.1 102.1
4 16.5 20.0 36.2 98.2
5 25.3 20.0 44.9 98.4
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from 98.2%to 103.2%, suggesting that thisnewly de-
vel oped method has good accuracy.

CONCLUSIONS

Inthiswork, anatura polymer, chitosan, hasbeen
used as a dispersant of MWNT. Chitosan-carboxy-
lated MWNT film was very homogeneousand stable
onthesurface of glassy carbon e ectrode. Thechitosan-
carboxylated MWNT modified GCE isspecificto hy-
poxanthinewith other homogeneous specieshardly in-
terfering. Furthermore, itssensitivity, repeatability and
stability are satisfactory. Wefirmly believethat further
goplication of thechitosan-carboxylated MWNT modi-
fied GCE will beexploredinthefuture.
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