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ABSTRACT

The intake of sufficient amount of vitamin C (ascorbic acid) in the daily
nutrition of human being is necessary to have a healthy life. Therefore,
determining the exact amount of this supplement in the Human’s blood
samples is one of the important measures for the assessment of healthy
life. After improving the catalytic activity, the pencil graphite electrode
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was used to determine the amount of vitamin C in the human’s blood
plasma samples. The obtained results show that the anodic peak current
for ascorbic acid is linear for the concentration range of 10° to 10*M
having the correlation coefficient of 0.9998. The obtained detection limit
for AA determination using amperometry technique was 1.18x10°M.
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INTRODUCTION

Ascorbicacid (AA) or vitamin Cisan essential
nutrient for higher primatesand asma | number of other
species. The presence of vitamin Cisrequired for a
rangeof essentid metabolic reactionsinal animasand
plants. Itismade naturdly by dmost al organisms, hu-
man being onenotableexception. Itiswiddy known as
thevitaminwhoseefficiency causesscurvy in humans.
Itisalsowidely used asafood additive™.

Vitamin C deficiency leads to scurvy, adisease
characterized by weskness, smdl hemorrhagesthrough-
out the body that cause gums and skin to bleed, and
loosening of theteeth. Sailorsthat were out at seafor
months on end would often devel op scurvy unlessthe
captain had theforesight to pack limesand other citrus
fruits. Vitamin Cisawater-sol ubleantioxidant, and plays
avital rolein protecting the body. Oxidizing species
attack the body from many directions. Smog and ciga

rette smoke both contain high level sof oxidizing mol-
ecul esthat causetissue damage. Thebody makesoxi-
dizing moleculesin responseto aninfection, and these
moleculesboth kill theinfecting organism and causetis-
suedamage-32,

The pharmacopoeiaof vitamin C isthe ascorbate
ion. Inliving organisms, ascorbateion isan antioxidant
asit protectsthe body against oxidative stressandisa
cofactor inseverd vital enzymetic reactiong®4.

Ascorbic acid is found as both L and D enanti-
omerswhereonly L enantiomer existsin natureand D
enantiomer isproduced syntheticaly. Thelater enanti-
omer hasno vitamin value or property®®. Thesignifi-
cant role of AA in some chemical and biochemical re-
actions of live tissues was proved and the suitable
amount of daily intake of vitamin C for humanis80
mg®.

Themethod of determination of AA isbased onits
redox property, whereitiseasily isreduced to dehy
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droascorbic acid viaoxidation reaction. Itisimportant
to know that theamount of vitamin Cinfruit juicesis
decreased by timedueto the oxidation of AA to dehy-
droascorbic acid. Therefore, in determining theamount
of AAinfruit juice samples, the prompt measurement
of vitamin C inthejuiceisneeded to obtainthe correct
amount of AA.. In order to prevent the occurrence of
the oxidationreaction of vitamin C during the measure-
ment period, 0.1N sulfuric acid solutionisadded to the
vitamin C samples®7,

United States of America pharmacopoeiaissued
the standard method of determination of vitaminCin
medi cines¥ wherea0.15g amount of themedicineis
solvedin 80 ml digtilled water and 10ml of 1.0M sulfu-
ricacid isadded toit. The obtained solution wastit-
tered usinga0.05M of |, solution after adding 1ml of
1% starch glue solution. Thetitration end point isde-
termined when theviolet blue color isappeared. One
ml of the consumed iodine correspondsto 8.805 mg of
AA inthesample.

Thegtandard method of determination of vitamin C
invegetableand fruit juicesisTitrimetric using 2,6-
dichlorophenol (DCIP) solution®8l, Inthismethod, 2
ml of the standard solution of AA istittered by anin-
dophenol s-sodium bicarbonate sol ution, wheretheend
point isdetermined upon the appearance of pink color.

Recent techniquesof AA determinationincludeTit-
rimetrict®”, chemiluminscence®, fluorometery®*® and
el ectrochemical methodg*%112021, The el ectrochemi-
cad method of determination of AA isthepreferredtech-
niquefor such measurementsinbiological tissues. The
only disadvantage of thismethod isthedecreaseinthe
responseleve of theeectrodein multiple application
runswhichisdueto the contamination of thee ectrode
surface by oxidation reaction products after somere-
peated rung1,

Different e ectrochemical techniquessuch aspo-
larography analysis, squarewave voltametery, differ-
ential pulse polarography, amperometric sensor,
potantiometrictitration, colorimtry and improved €l ec-
trodes were applied for such ameasurements using
conductive polymerg2,

Thepresenceof somecomponentssuchasuricacid,
dopamineand proteins cause someinterferenceinAA
determinations. The application of the GC electrode
coated by polypyrol and dopped by ferocyanideina
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mixed solution of AA and uric acid, for AA determina
tion™ aswell assomenewly devel oped techniquesfor
selective determination and measurements of AA
samplesarecitedintheliterature®2Y,

In the present paper, apencil graphite el ectrode
was used asthe measuring el ectrodefor AA determi-
nation. Thiselectrodeisquite cheap, easily prepared
and hasawide el ectrochemical activity rangewitha
quitehigh AA peak current.

EXPERIMENTAL

TABLE 1 Showsthe used materia sthat are ana-
Iytical gradeand are purchased from Merck company
(Germany).

All chemica materia shas used without subsequent
purification. Deionized water produced in the water
treatment unit of Shahid Qazi Pharmaceutical Com-
pany (Tabriz, Iran) and was used in the preparation of
solutions.

TheUA and AA solutions has prepared and uti-
lized ontime. Human’s blood serum (SA X1 model)
purchased from RAZI pharmacy (Iran)

Apparatusand set up

Autolab apparatus (PGSTAT20 model, Nether-
lands) wasused involtametery measurementsasasource
of potentid supply and itsstabilizing. The gpparatuswas
connected to a Pentium S computer (200MHz)
equipped with a GPES software (level 4 and 5).
Metrohm pH-meter (691 modd , Switzerland) wasused
to measure pH values.

TABLE 1: Theused materials
Chemical
formulation

Cg H5 K 04

Usage The name of stuff

Potassium dihydrogen
phthalate
Potassium dihydrogen
phosphate
Dipotassium phosphate

For buffer preparation

For buffer preparation KH,PO,

For buffer preparation  K,HPO,

For buffer preparation NaHCOs;  Sodium bicarbonate
For buffer preparation NH; ammoniac
For buffer preparation HCI Hydrochloride
For buffer preparation ~ NaOH Sodium hydroxide
For assaying C6H806 Uric acid
electrocatalytic C6H806 S
ascorbic acid
property
For polishing the Al203

surface of electrode Alumina powder
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Figure1: Themolecular structur eof ascorbic acid

Connect to apparatus —p
Working electrode ——
around of pencil graphite eledtrode 5
covered by leflon —# o

Figure 2: The schematic structure of pencil graphite
electrode

EiIV
Figure3: Differ ential pulsevoltamogramsof solution con-
tain 2mM AAand 0.2mM UA, in phthalatebuffer solution
(pH=5) on: a- inactivated pencil graphiteelectrodeand b-
activated pencil graphiteelectrode

Applied electrodes

In order to carry out the voltametery technique, a
standard three el ectrodes system was used to decrease
thelevd of ohmicdrop. Theused cell volumeis20ml.
A pencil graphite electrode and aplatinum bar elec-
trodewereused astheworking and counter electrodes,
respectively. A saturated calomel electrodewas used
asthereferenceelectrode, aswell. Both referenceand
counter electrodes, aremade by Azar Electrode Com-
pany (Tabriz, Iran).

Prepar ation of pencil graphiteelectrode

—— Fuyl] Paper

The preparation of pencil graphiteeectrodelnor-
der to obtain acongtant cross sectiond areaof the pencil
graphite electrode, the side area of the pencil iscom-
pletely covered by wrapping ateflon tape on such a
way that only the cross sectional areaof thepencil in
oneendisuncovered and thissideisimmersed inside
the solution whilethe other end isconnected totheelec-
trodewire.

Using differentia pulsevoltametry technique, the
responseof AA onthesurfaceof dl thementioned eec-
trodesare studied.

RESULTSAND DISCUSSION

Theeffect of thefollowing parameterson thefeas -
bility and accuracy of AA determination wereinvesti-

gated:
Activation of pencil graphiteelectrode

Dueto the co-existence of ascorbicacid and uric
acidinrea samples, it occursthe peaksoverlapping of
thesetwo acids. Therefore, the gpplied dectrode should
havethe potentia of giving two distinct peaksfor AA
and uric acid. The pencil graphite e ectrodewas acti-
vated for such apurpose.

Theexperimenta resultsshow that the activation
produce by acyclicvoltametry techniqueyieldsalinear
cdibration curve. Inthismethod 10 cyclesat therange
of -0.6t0 2.0V with scanning rate of 100 mV/sinthe
sodium bicarbonate buffer solution (pH=10) was ap-
plied to activatethe e ectrode. At these conditions, the
severance between two peak potentias (?Ep) was 232
mV asshowninfigure3.

Theeffect of scanningrate

Thecyclicvoltamogramsof AA for different scan
ratesincluding 5, 10, 20, 50, 100, 200 and 300 mV/s
areobtained for 2mM AA inapotassium dihydrogen
phthalate buffer solution (pH=>5) to andyzethe effect
of the scanning rate on the voltamograms. Theresults
areshowninfigure4.

Asshowninfigure4, by increasing the scanning
rate, the anodic peak current (Ip) of AA isincreased
and the current is displaced to the more positive peak
potentia (Ep) values.

It can befounded in figure 4, that the anodic peak
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EiIV
Figure4: Thecyclicvoltamogramsof 2mM AA solution on

activated electrodewith applying different scanningrates.
(@) 5, (b) 10, (c) 20, (d) 50, (e) 100, (f) 200 and (g) 300mV/s
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Figure5: Theamperometricresponsedueto addition of
solutionswith different AA concentration to electrochemi-
cally cell containing mother solution(0.2mM of AA) in
phthalatebuffer (pH=5). Other conditionsare: E=0.13V /
SCE , by applying constant potential of working electrode

current of AA hasalinear rdationshipwith the scanning
rates (R?=0.9986), which provesthediffusivemecha
nism of thetransfer of AA2,

Theanodic peak potential valuesfor AA hasalin-
ear relationship versusthelogarithm of scanning rate.
Such alinear relationship provesthat the e ectrochemi-

cda reactionisanirreversibleand diffusion controlled
reactiont?.

Theelectrocatalytic oxidation of ascor bic acid on
theactivated electrode

The concentration of AA inthehuman’s blood se-
rumisat therange of 0.5to 1.5mg/dl (28 to 85uM).
However, the detection concentration threshold of AA
determination by differentid pul sevoltametry technique
IS7.5uM. So, the more sensitive amperometry tech-
niquewas gpplied for AA concentration determination.

Inthismethod the potential of theworking elec-
trodeisfixed versusthe reference electrode and the
real sampleor astandard AA sampleisaddedto the
electrochemical cell whilethedectrolyteismixing at
congtant rate. Sincethe potentid vaueisstabilized near
thepeak potential vaueand theintermediateisimme-
diately oxidized a thedectrode surface, the background
current approaches to zero. In such a condition, by
adding AA, the obtained current has a quite
electrocatal ytic character and is proportional toAA
concentrationt?.

Analytical parameters
Ascorbicacid concentration standard curve

The electroactivated el ectrode was prepared un-
der the optimum condition asmentioned at section 3.1.

For achieveto therange of concentration that the
current changing belinear, amperometry responsesare
plotted versus AA concentration values at the fixed
potential (0.13V/SCE) of theworking éectrode. The
obtained linear plot was used asthe standard curve.

Figure 5 Representsthe amperometry responses
uponincreasingAA concentration at therange of 10
to 10* M of AA concentration.

L.O.D appointment

Theresults obtained from standard curve portrait
arepresented in TABLE 2. From someeasy statically
calculation, the gained detection limit for AA was
1.18uM Using amperometric method.

TABLE 2: Thedatically daterelatedtoAA

Xi(uM)

Y (nA)
(Y, -Y)?

6.80 148 222 290 353 411 516 608 69 76
Yi(nM) 21 37 54 67 8 94

193 365 526 673 810 936 1165 136.5 1543 169.5 184.1 196.7 218.7 228.2
299 028 207 011 092 012 027 022 009 027 001 009 011 148

827 885 98.6
184 197 219

103

117 136 154 169 227
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Y=a+bx > (vi—9)*=9.63 n-2=13
a=4.2935 X o5 118 = b=2.1741
S, = 0.86 Y\ op=6.87x10°M

Deter mination of AAin human’s blood serum

Thenormal rangeof theamount of vitamin Cinthe
human’s blood serum is 0.5 to 1.5 mg/d1??Y, Theused
real samplefor AA determination, wasHumans’ blood
serum (SA X1 mode) purchased from RAZI pharmacy
(IRAN).

Inthisreal sample, some proteinsand bothAA and
UA arepresent, so at first stagethese disturbancesmust
be considered.

For plasma’s protein elimination, it used protein’s
coagul ator solution. The plasmaprotein coagulant so-
|ution was prepared by solving 3g glacial metaphos-
phoric acid in 10 ml of 80% acetic acid and conse-
quent diluted by distilled water to achieve 100mi 2,

After preparation of protein’s coagulator solution,
avolumeof 0.8 ml of solution wasmixedwith 0.8 ml of
fresh blood plasmaand was centrifuged for 15-20min
at 800 rpm. After centrifugation, thesupernatant isused
for analysisof AA. Thissolutionisfree proteins but
containuricacid (UA) asdisturbance.

Using electroactivated electrode as proposed
method and with applying deferentia pul sevoltametry
(DP), it causeto segregation of AA and UA peak po-
tential with appropriate distanceasshowninfigure 3.
Soitispossbleto smultaneousdetermination of AA
and UA inthereal samples.

In order to determine the amount of AA in the
Human’s blood serum, some serum samples, which are
previously tested for uric acid content (by differential
pul sevoltametry method), are selected and treated by
thefollowing method.

Themeasurement of AA wascarried out using 0.4
ml of the prepared sample and poured in the el ectro-
chemicd cell. Theamperometry response after mixing
the sol ution wasgraphed inthe constant potentid of the
working el ectrode.

For applying standard addition method, it was used
four stepsto AA standard addition (with concentration
of 0.2mM) to unknown amount of AA at phthalate
buffer solution (pH=5), with E=0.13VV/SCE and diffu-
sion controlled steady state condition. Thefour-step
additionswere: 0.5,0.5, 1 and 1ml.

—= Fyll Paper

Figure6: Theamperometricresponseredatedtofour steps
of AA standard addition: 0.5,0.5,1and 1 ml. (a) isrelated
to0 0.4 ml of free protein human’sblood’splasmawith no
sandard addition

140
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Figure 7: AA amperometric response changes versus
added standar d solution concentration

id nk

y=2162x + 67.722
R = D.BEGS

After each addition, it portrayed amperometric
response of mixed solution. Theresult hasshownin
figure6.

The unknown concentration of AA in the real
samples can be found on extrapolation of AA amper
ometric response’s changing versus added standard
solution concentration. Theresultisshowninfigure7.

The calculated concentration of AA in thisreal
samplewasachieved: 0.516mg/dl (2.93x10°M) us-
ingthismethod.

CONCLUSION

Pencil graphite electrode could be used as the
working electrodefor vitamin C determinationsin the
real samples. Theeectrode precision order iscompa-
rableto commoninert e ectrodes such asplatinumand
gold electrodes. Theactivation of pencil graphiteelec-
trodeisvery smpleand cheap. After carrying out el ec-
trochemicd activation and optimizing theworking € ec-
trode condition, the anodic peaks of ascorbic acid and
uricacid arequitedigtinct. Afterimprovingthecataytic
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activity, the pencil graphite electrodewas used to de-
terminetheamount of vitamin C inthe human’s blood
plasmasamples. The obtained results show that the
anodic peak current for ascorbic acidislinear for the
concentration range of 10°to 10*M having the corre-
Iation coefficient of 0.9998. The obtained detection limit
using differential pulse voltametery technique was
7.54x10°M, where amperometry method was used to
improve the detection precision. The obtained detec-
tionlimit for AA determinationis1.18x10°M.
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