RSA4480021 3@.A%. 837750k BHANINA

Teewmitatuaaysol

mylensimaad Wiheasssdnevdunidlaoldfdy

vsvaslusen-ladlew audlszyndiulnaduwandu

Electroanalysis of Organic Compound using a Boron-Doped

Diamond Thin-Film Appiied to Flow Injection Analysis

IATOTITI FUANMA

31 FINAN 2547




naanssudsznd

VAVBUA Tb
SUNNUNBINUARLRUNTIIY
nasnuirenfisngulny
IAINTBIRIND§

Prof Akira FUJISHIMA



UNAALUD

IRALATINT RSA/21/2544

Falasens: mylensimaniiWihussenlsnouduwnisslaglsiauunsosiusas-
lovlonauduzundinlnadmandu

E-mail Address: corawen@chula.ac.th

JrerAIRYInnNsIve: 3 1

o B d‘/VL-uo = =) 5 =1 @ . R .
luswiIdoilaviimsdnwim s nesiniaa il lwinzes D-penicillamine captopril
waz tiopronin LasliRanyuisvediusew-ladienaudiidaniniadmmneiinsnsg tgu o
aanliaunaiund wazlWaduetuiiuiuuamwaliuni laainlawnusnIasldlunms
=l oo - & o Lo @ Q- = . =] =]
anwufiselasiluianduiuenadutwwazaudunse-6ng WEisuinaunenas
naaasfiuna&suandidninia  anniInaasswuElsznaumaieziialfisen
dunaulldnui Wi vagaariia  lusen-lalevauddidnlnsauasnandafusuazly
loadnhawnuluunsufidaan wsilusaw-lad levousdianinsnazldedyanmoas
ni:ua@iaﬁuwﬁaﬁggand'mm‘%m‘?uau&ﬁnimm wannunldviinisdnu lapltinaiia
wauiwalnunIsnnusrnyIWadutuiilusow-ladlavaudai@ninsamiuaz Wit
gmivnafildnninafialiaduaatulifdadmadigalumianaiad 10 wluluand

(SIN & 3) MMWAMINGADILET captopril W 19m U TuTuiid wdunssain 0.5 f9 50
Tulaslyans uas@ w3y D-peicillamine and tiopronin IWaan byt widuduasan
05 fs 50 lulasluand i'ﬁmﬁf’il"ﬁ’lumufi'!a”mﬁﬁaﬁﬂﬁﬂs:gﬂmﬁlﬂumsmiﬁmm, D-
penicillamine, captopril WAz tiopronin lusmadigen annsnesadlfimailaninduans
wasulddasazuasnifunduaglugis 95.85 -109.29, 97.75 - 104.69 uaz 96.5-108.3

FIM5U D-penicillamine, captopril ez tiopronin AUR6IL

A&9T: D-PENICILLAMINE, CAPTOPRIL, TIOPRONIN, #duununaslusoun-ladle

& = =l o a. =Y
vaud, loaanliaunuiuni, IWadwaatu, uauwalnuni



Abstract

Project code: RSA/21/2544

Project Tiltle: Electroanalysis of Organic Compound using a Boron-Doped Diamond
Thin-Film Electrode Applied to Flow Injection System

E-mail Address: corawon@chula.ac.th

Project period: 3 years

In this research, a boron-doped thin film (BDD) electrode was used to study the
electroanalysis of D-penicillamine, captopril, and tiopronin by several techniques such
as cyclic voltammetry and flow injection with amperomtric detection. Cyclic voltammetry
was used to study the reaction as a function of concentration of analytes and pH of
analyte solutions. Comparison experiments were performed using a glassy carbon (GC)
electrode. These compounds undergo irreversible reaction at both electrodes. The BDD
and GC electrodes provided well-resolved cyclic voltammograms but the voltammetric
signal-to-background ratios obtained from the BDD electrode were higher those
obtained from the GC electrode. In addition, the amperometric detection along with flow

injection analysis with diamond electrode as the working electrode was studied. The
flow injection analysis results showed the significant low detection limit of 10 nM (S/N =
3). The linear dynamic ranges of concencentrations were obtained from 0.5 to 100 LM
for captopril and 0.5 to 50 LM for D-peicillamine and tiopronin. The proposed methods
were successfully applied to determine captopril, D-penicillamine, and tiopronin in some
drugs fomulations. According to the procedure based on the standard addition
technigue, the recoveries obtained were 95.85-109.29%, 97.75-104.69% and 96.5-

108.3% for captopril, D-penicillamine, and tiopronin, respectively.

Keywords: CAPTOPRIL, D-PENICILLAMINE, TIOPRONIN, BORON-DOPED

DIAMOND THIN FILM ELECTRODE, CYCLIC VOLTAMMETRY, FLOW INJECTION
SYSTEM, AMPEROMETRIC DETECTION
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Introduction

Boron-doped diamond (BDD) thin film electrode is one of the new promising
materials for electrochemical applications due to its unique and extremely useful property.
Elecroanalysis is one field that can benefit from the attractive electrochemical properties of
diamond thin film as an electrode material. Its attractive properties such as very low and
stable voltammetric background current, wide potential window in aqueous electrolyte
solutions (2.5-3 V), slight adsorption of polar organic molecules, high resistance to
deactivation via fouling and good activity toward some redox analytes without any
conventional pretreatment.

Several methods have been proposed for the determination of thiol containing drug,
including high-performance liquid chromatography with various detectors such as
calorimetry, fluorometry, chemiluminescene, spectrometry. One of the important limitation
of these spectrophotometric techniques is the fact that sulfur containing compounds lack
sufficient UV absorpiion so a pre or post-column derivatization procedure is normally
required and this results in increased cost and complication of analysis. Electrochemical
was an allernative method for the determination of sulfur containing compounds because it
was cheap, simple, fast and low cost. The electrochemical detection of captopril has been
reported by using graphite and selective membrane electrode as the working electrode.
Nevertheless, these electrodes were generally provided low sensitivity and reproducibility

because the surface of these electrodes was easy to contaminate by the fouling products



and impurities.  Boron doped diamond thin film electrode can be used to eliminate this
problem without any pretreatment because of the stable surface morphologies and the
surface carbon atoms terminated by hydrogen. Thus, the BDD surface is relatively non-
polar and suffers less adsorption of polar molecules, as reported by Xu et al. The stability
is also very high.

Alternative automatic procedure based on flow injection techniques have been
widely suggested, since they are enable to reduce time of analysis. Moreover, they can
increase reproducible and accurale resulls. Flow injeclion with amperometric detection
using boron doped diamond thin film elecirode also has been repaorted to determine some
organic compounds such as polyamine, histamine and serotonin.

In this research, we used the boron doped diamond thin film electrode to study
organic thiol-containing compounds such as D-penicillamine, captopril and tiopronin by
using cyclic voltammetry in comparison with giassy electrode. Hydrodynamic volatmmetry
and flow injection analysis with amperometric detection was also used to determine
captopril in the standard chemical form and commercial available tablets.

D-Penicillamine, 3-mercapto-D-valine is a pharmaceutically important thiol
compound frequently used as a medicinal agent against a number of diseases i.e.
rheumatoid arthritis, cystinuria, liver disease or certain skin conditions, heavy metal
poisoning and Wilson 's disease. It may also inhibit the replication of the human

immunodeficiency virus, the cause of acquired immune deficiency syndrome (AIDS).



Captopril belongs to the group of anti-hypertensive drugs that affect the renin-
angiotensin system and are commonly referred to as angiotensin converting enzyme (ACE)
inhibitor. The chemical name of captopril is (S}-1-(3-Mercapto-2-methyl-L-oxo-propyl)-1-
proline, is widely used for treatment of arterial hypertension. Recent studies suggest that it
may also act as a scavenger of free radicals because of its thiol group.

Tiopronin [N — {2 —mercaptopropionyl) - glycine] is a drug with a thiol group that is
used in clinical applications. It is effective in the treatment of cystinuria, rheumatoid arthritis
as welt as hepatic disorders, and as an antidote to heavy metal poisoning. Along with its
needed effects, it may cause some unwanied effects such as muscle pain, yellow skin or
eyes, sore throal and fever, change in taste or smell etc. Moreover this drug produces a

dose - related nephrotic syndrome. Tiopronin is available only with a doctor's prescription.



2. Experimental

2.1 Chemicals and reagents

AII chemicals were analytical grade and used withoul futher purification. All
solutions were prepared by using deionized water. Phosphate buffers (pH 5 - 8), 0.1 M,
were prepared from 0.1 M of potassium dihydrogen phosphate (Merck) and 0.1 M
disodium hydrogen phosphate (BDH). Phosphate buffer {(pH 2.5) was prepared from 0.1 M
of potassium dihydrogen phosphate and the pH was adjusted with orthophosphoric acid (85
%, Carlo Erba). Phosphate buffer {pH 9.0), 0.1 M, was prepared from 0.1 M of potassium
dihydrogen phosphate and 0.1 M disodium hydrogen phosphate and the pH was adjusted
with 0.1 M sodium hydroxide (Merck) solution. D-penicillamine (Sigma) solutions, standard
captopril  (Sigma) solutions and standard tiopronin (Sigma) were freshly prepared in 0.1 M

phosphate buffer prior to use.

2.2 Electrode

The commercial BDD electrodes were rinsed with ultrapure water prior to use. The
glassy carbon (GC) electrode was purchased from Bioanalytical System, Inc (area 0.07

cm‘). it was pretreated by sequential polishing with 1 and 0.05 micron of alumina /water

slurries on felt pads, followed by rinsing with uitrapure water prior to use.



2.3 Cyclic Volfammetry

Electrochemical measurements were recorded using Autolab Potentiostat 100
(Eco-Chemie) with a standard three-electrode glass cell configuration. The BDD electrode
was pressed against a smooth ground joint at the bottom of the cell isclated by an O-ring
(area 0.l07 sz) and served as the working electrode. Ohmic contact was made by placing
the backside of the Si substrate on a brass plate. GC electrode was also used as a
working electrode in comparison study with the BDD electrode. A platinum wire and a
Ag/AgCl with a salt bridge were used as the counter and reference elecirodes, respectively.
Cyclic voltammetry was used to probe the electrochemical reaction. The electrochemical

measuement was housed in faradaic cage to reduce electronic noise. All experiments were

done at a room temperature.

2.4 Flow injection analysis with amperometric detection

The flow injection analysis system consisted of a thin layer flow cell (Bicanalytical
System, Inc.), an injection port (Rheodyne 7125) with a 20- LLL injection loop, a peristaltic
pump (lsmatec) and an electrochemical detector (PG 100). The mobile phase, 0.1 M
phosphate buffer (pH 9), was regulated by an a reagent delivery module at a flow rate of 1
mi/min. The thin layer flow cell consisted of a silicone rubber gasket as a spacer, Ag/AgCI

as the reference electrode, stainless steel iube as an auxiliary electrode and an outlet of



the flow cell. The experiments were performed in a copper faradaic cage to reduce the
electrical noise. A hydrodynamic voltammogram was obtained before the amperometric
determination was performed. The peak current after each injection was recorded, together
with the corresponding background current. These data were plotted as a function of
applied polential to obtain hydrodynamic voltammograms. The amperometric
measurements were carried out at the pofential giving a maximum signal-to-background

(S/B) ratio in the hydrodynamic voltamograms, or in the limiting current range.

2.5 Sample preparations

A mass of powder of one capsule of penicillamine (Cuprimine 250 mg) was

transferred to 100 ml volumetric flask and dissclved in 0.1 M phosphate buffer (pH 7),
filtrated through a 0.45 [LM Nylon membrane syringe filter. Then, the filirate was further

diluted with 0.1 M phosphate buffer (pH 7) to obtain a final concentration of 2.5 Lig/ml.
Tablets containing captopril (Bristol-Myers Squibb) were ana-!yzed. Five tablets
were each weighed so as to obtained the mean tablet weight. An accurate weight portion
of the homogenized powder corresponding to mean tablet weight was treated with 0.1 M
phosphate buffer (pH 9), then dilute to the final concentration with the same solution,
providing a concentration within the linear dynamic range.
Tablets containing tiopronin {Mission pharmacal) were analyzed. The drug tablet

was homogenized in an agar mortar. The amount of the powdered mass analyte was



dissolved in 100 ml of 0.1 mol L~ phosphate buffer (pH 8). This solution was diluted in

such a way that the concentration of tiopronin in the final fest solution feil within the linear

dynamic range (0.5-50 Llmol L™y,



3. Results and Discussion
3.1 Determination of D-Penicillamine

3.1.1 Cyclic voltammetry

Fig 3.1.1 shows the cyclic voltammograms for 1 mM D-penicillamine together with
the corresponding background voltammogram in 0.1 M phosphate buffer (pH 7) at the BDD
and GC electrodes. The background current for the GC electrode was ~ 10 times higher
than that obtained for the BDD electrode. The BDD exhibits a well-defined irreversible
oxidation peak at ~ 0.8 V vs Ag/AgCI, whereas the GC electrode provides an ill-defined
irreversible oxidation peak at ~ 0.9 V vs Ag/AgCl.

Al the BDD electrode, the cyclic voltammogram of the second cycle still exhibits a
well-defined cyclic voltammogram with a slightly decreasing peak current and the current
can revert to ils originél value after purging with a deionized water, indicating the absence
of electrode fouling. In the case of GC electrode, the cyclic voltammogram in the second
exhibits a featureless cyclic voltammogram and the current can only revert after polishing

the electrode with the alumina slurries. This was due to electrode fouling.
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3.1.2 pH Dependence study

The effect of the buffer pH was investigated from pH 5 to 9.2. At buffer pH
between pH 7 and 9.2, the BDD electrode exhibits a well-defined cyclic voltmmogram while
the GC electrode provides an ili-defined cyclic voltmmogram. In the case of buffer pH 5,
the BDD electrode provides an ill-defined cyclic voltammogram while the GC electrode
provides a fealureless cyclic voltammogram.

The changing of buffer pH effects the oxidation peak potential. It was found that
increasing the buffer pH, decreased the oxidation peak potential, probably due to the more
facile oxidation of the thiol group of D-penicillamine in the alkaline medium. In addition the
buffer also affected the peak current of the cyclic voltammogram. At the BDD electrode,
the maximum peak current with the maximum S/B ratio was observed at pH 7. Therefore

this pH was chosen as the optimal pH.

w



3.1.3 Scan rate dependence study

Fig. 3.1.2 shows the cyclic voltammetric response of 1 mM D-penicillamine in 0.1 M
phosphate buffer pH 7 with variation of the scan rate from 0.01 to 0.3 V/s at the BDD
electrode. The oxidation current varied highly linearly (r > 0.99) with the square root of the

0.
scan rate, U 5, as shown in the inset of this figure, indicating semi-infinite linear diffusion of

reactant to the electrode surface.
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3.1.4 Concentration dependence study

The oxidation peak current was investigated for the concentration range from 0.025
1o 20 mM D-penicillamine at the BDD. Fig. 3.1.3 shows the cyclic voltammograms with the
concentration of D-penicillamine varied from 0.5 mM to 10 mM. Linear regression analysis

of current (LLA) versus concentration (mM) profiles showed a reasonable linearity from 0.5

to 10 mM (r > 0.99) for the BDD electrode, as shown in the inset of this figure. The GC

10



electrode provides no linear regression relationship between the oxidation current and the
concentration. This may be due to the electrode fouling. At a concentration as low as
0.025 mM and above, a well defined peak with the S/B ratios > 3 was obtained at the BDD

electrode while the GC electrode provided this S/B value at the concentration of 0.5 mM

due to its high background current.

60
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The reproducibility of the BDD electrode was also studied. The test consisted of
running the cyclic voltammogram for five aliquots (the same concentration) of three
concentrations (1, 5 and 10 mM D-penicillamine). It appears that the reproducibility test is

satisfied because the peak current variation value (%RSD) was 2.2 to 3.1.

3.1.5 Flow injection analysis with amperometric detection

3.1.5.1 Hydrodynamic voltammetry

Fig. 3.1.4(a) shows a hydrodynamic voltammetric i-E curve obtained at the BDD

electrode for 20 [LL injections of 100 LM D-penicillamine in 0.1 M phosphate buffer (pH 7),

11



using 0.1 M phosphate buffer (pH 7) as the carrier solution. Each datum represents the
average of four injections. The absolute magnitude of background current at each potential
is also shown for comparison. The hydrodynamic voltammogram for D-penicillmine did not
produce a sigmodial shape of the signal versus potential. To obtain the maxima potential
point, the S/B ratio was calculated from the Fig. 3.1.4(a) at each potential. The
hydrodynamic voltammetric S/B ratio vs potential curve are obtained as shown in Fig.
3.1.4(b) with the maximum S/B ratios of 0.75 V. Hence, this potential was set as the

amperometric potential detection in flow injection analysis experiments.

4000
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3.1.5.2 Linear range, detection limit and reproducibifity

Fig. 3.1.5 shows a series of repetitive 20 LLL injections of D-penicillamine in 0.1 M

phosphate buffer pH 7 at the detection potential of 0.75 V versus Ag/AgCI\ Well-defined



signals without peak tailing were oblained at all concentrations from 10 nM to 2.5 mM. The
current signal increased linearly with the increasing of concentrations from 0.5 to 50 UM (r
> 0.99) as shown in the inset of this Figure. The sensitivity of this method, which is the
slope of the relation plot between the current and the concentration over the linear range,
was 12.1-17.3 nA/HIM. Interestingly, the detection limit with S/N = 3 was obtained at the
concentration as low as 10 nM of D-penicillamine. The reproducibility of the response was
also examined. A peak variability of 1.8% was found during a course of 45 injections of

100 LLL D-penicillamine, indicating the high stability of the BDD electrode.

1000 -
1000 [ 50 WM !
800 ;
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800 E 600 i
z .
£ 400 / i
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2 400 r 0 10 W 3 4 S0 6D ‘
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o

[
10 uM i
200 ¢ |

5 M

0.5 uM 1 uM
. LU L

0 200 400 o600 800 1000
Tune (s)
Fig. 3.1.5. Flow injection with amperometric detection results for D-penicillamine
(0.5-50 #M) and calibration graph at the applied potential of 0.75 V vs. Ag/AgCl in
0.1 M phosphate buffer (pH 7) with three injections of analytes. Other conditions are

the same as in Fig. 3.1.4
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3.1.6 Application

3.1.6.1 Drug analysis of Penicillamine capsules

The proposed method for pencillamine was applied to the determination of
penicillamine capsules. The precision of the method was obtained on the basis of intra-
assay using standard addition. The intra assay study resulis (n = 2) in the same day are
summarized in Table 1. There was no significant difference between the labeled contents
and those obtained by the proposed method with the satisfaclory recovery. Recoveries
ranged from 97.75 to 104.69. Moreover, repeatability of results for the addition of D-
penicillamine 0, 0.6 and 1.49 mg/ml with 10 replicates was obtained with a relative standard
deviation (% RSD) of 1.5 to 2.1. The inter-assay was also study between the days (n = 4)
and the results are summarized in Table 2. There is no significant difference in the results,

indicating that the analysis of penicillamine capsules by the proposed method . is

reproducible.

14



Table 1. Recovery of D-penicillamine sample with amperometric detection on the BDD

electrode applied to flow injection system of the intra assay study (n=2)

Amount of adde& (Ug m(") | Amount of found (Mg mi”) Percent of "eCOVeWV (%)

0.60 0.59 1 0.01 r98.68 +0.93 N

0.90 0.94  0.01 L104.04 + 065

1.19 1.19 + 0.01 ng.ez + 0.39

1.49 1.48 + 0.01 l 98.84 + 0.33

250 mg per tablet 25562 = 0.14 L1 02.11 J_r 0.55
-

Table 2. Recovery of D-penicillamine sample with amperometric detection on the BDD

electrode applied to flow injection system of the inter assay study (n=4)

{Amount of added (Lig mi") | Amount of found ([ig mi') | Percent of recovery (%)
I
0.60 ‘ 0.58 + 0.01 98.04 + 0.94
n A -
0.90 J 0911003 101.30 + 3.06
1.19 117 £ 0.02 §9.07 = 1.45
1.49 150 = 0.03 100.43 + 1.98
250 mg per tablet 25555 + 2.50 102.22 *+ 0.99
L ]

15




3.1.6.2 Interference study

Talc, lactose excepients frequently added to dosageforms are talc, magnesium
stearate and starch. Titanium dioxide and magnesium stearate do not dissolve in 0.1 M
phosphate buffer. They were filtered out in the sample preparation step, so they did not
interfere with the response. Only lactose was used in this study. It was found that the
tolerance limit for the ratio between D-penicillamine and lactose concentrations was 80.

This caused an error of not more than + 5%. The separation of this interference is being

studied in our laboratory.

16



3.2 Determination of Captopril

3.2.1 Cyclic voltammetry

Fig 3.2.1a) and 3.2.1b) show the cyclic voltammograms for 1 mM captopril together
with the corresponding background voltammogram in 0.1 M phosphate buffer (pH 9) at the
BDD and GC electrodes. The background current for the GC electrode was ~ 10 times
higher than that obtained for the BDD electrode. The BDD exhibited a well-defined
irreversible oxidation peak at ~ 0.8 V vs Ag/AgCl, whereas the GC electrode provided an ill-
defined irreversible oxidation peak. No cathedic peak was cobserved on the reverse scan

within the investigated potential range (0 V to +1.4 V) because captopril oxidation is an

electrically irreversible process.
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The effect of the buffer pH was investigated from pH 5 to 10. At the buffer pH
between pH 7 and 9.2, the BDD electrode exhibited a well-defined cyclic voltmmogram
while the GC electrode provides an ill-defined cyclic voltmmogram. [n the case of buffer pH
5, the BDD electrode provides an ill-defined cyclic voltammogram while the GC electrode
provides a featureless cyclic voltammogram.

The changing of buffer pH effects to the oxidation peak potential. At BDD eletrode,
it was found that increasing the buffer pH, increased of the oxidation peak potential,
probably due to the facile oxidation of the thiol group of captopril structure in the aikaline
medium (data were not shown). The maximum peak current with the maximum S/B ratios

was observed at pH 9. Therefore this pH was chosen as the optimal pH.

3.2.2 Concentration and sweep rale dependence

The oxidation peak current was measured at the BDD electrode for the
concentration range from 0.025 mM to 20mM captopril in 0.1M phosphate buffer (pH 9) at
sweep rate 50 mV s'. Based on a series of cyclic voltammograms in which the

concentration of captopril was varies from 0.025mM to 20mM (data shown in Fig 3.2.2), a

linear regression statistical analysis of peak current (LLA) versus concentration (mM) was

obtained, with linearly proportional in range 0.05mM to 1mM (r > 0.99). The response of
BDD electrode is appropriate for quantitative captopril determination even in the millimolar

concentration range.
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Fig. 3.2.2 Cyclic voltammogram for
captopril in 0.1 M phosphate buffer (pH 9)
at boron-doped diamond electrode for a
series of captopril concentrations. The
potential sweep rate was 50 mV s ; area
of electroge, 0.07 cmz. The calibration

curve is shown in the inset.

We also investigated the potential sweep rate dependence, as shown in Fig.3.2.3

The voltammograms of 1 mM captopril were recorded during variation of the scan rates at

the BDD electrode. It can be seen that peak current (LLA) are linearly proportional to the

square root of the sweep rate ((V s'1)”2) within the range 0.01 to 0.3 V s'. The linear

regression analysis yields r > 0.999.

From voltamograms, it was found that the peak

potential shifted positively with increasing sweep rate, as expecied for an irreversibie

process, and the linearity suggest that the reaction involves a diffusing species.
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Fig. 3.2.3 Cyclic voltammograms for

1 mM captopril in 0.1 M phosphate
buffer (pH 9) at boron-doped diamond
electrode for a series of potential sweep
rates; area of electrode, 0.07 cmz. The
calibration curve of relationship between
current (HA) and (sweep rate)o'5 was

also in the inset of this figure.
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3.2.3 Hydrodynamic voltammetry

To obtain an optimal potential for the amperometric detection in flow injection
analysis, the hydrodynamic voltammetric behavior of captopril was studied. Fig 3.2.4
shows a hydrodynamic voltammetric i-E curve obtained at the BDD electrode for 20 LLL
injection.s of 100 UM captopril in 0.1 M phosphate buffer (pH 9), using 0.1 M phosphate
buffer {pH 2} as the carrier solution. Each datum represents the average of four injections.
The absolute magnitude of background current at each potential is also shown for
comparison. The hydrodynamic voltammogram for captopril did not produce a sigmoid
shape of the signal versus potential. The S/B ratio was calculated from the Fig. 3.2.4(a) at
each polential to obtain the maxima potential point.  Therefore, the hydrodynamic
voltammetric S/B ratios versus potential curve are aobtained as shown in Fig. 3.2.4(b) with

the maximum S/B ratios of 0.9 V. Hence, this potential was set as the amperometric

poteniial detection in flow injection analysis experiments.

2300 l
ba) *
_ 2000 S
E 1500 d
= oo 4
3 W /J Fig. 3.2.4. (a) Hydrodynamic voltammogram of
500 :
’ _,/ (-+-) 0.1 M phosphate buffer (pH 9, background
0 - ded Abbh dyb—
200 current) and (-¥-) 100 £#M of captopril in 0.1 M
150 ® phosphate buffer (pH 9) with four injections of
3 analysis, using 0.1 M phosphate buffer (pH 9)
= 100
§ as a carrier solution. (b) Hydrodynamic of
30 d/ signal-to-background ratio. The flow rate was
C‘__,_Jo/ |
0 1 ml min .

00 2 4 o6 8 10 12
Potential (V vs. Ag/AagCh 20



Current (A)

3.2.4 Flow injection analysis

Recently, a number of papers have appeared concerning the use of boron-dope

diamond electrodes in FIA for the determination of organic compounds. In the present

work, we alsc obtained excellent FIA results using boron-doped diamond electrodes for
determination of captopril. Fig 3.2.5 shows a series of repetitive 20-LLL injections of

various concentrations of captopril in 0.1 M phosphate buffer (pH 9) at detection potential
0.9 V versus Ag/AgCl. Well-defined signals were obtained at all concentrations, from 5 mM

to 10 nM. The current signal decreased linearly with decreasing concentration from 100 to

0.05 UM (r > 0.99), as shown in the inset. In additional, a detection limit for S/B > 3 was

determined. It can be seen that at 0.9 V, the BDD electrode could detect a captoprif

concentration as fow as 10 nM.

25307

o’ : Fig.3.2.5. Flow injection analysis with
amperometric detection results for a
] diamond electrode using 20-# of caploprit at
Lowsa’ - various concentrations. The mobile phase

was 0.1 M phosphate buffer (pH 9) at a flow

s.aw10”

U [J rate of 1 ml min”". The calibration curve is
. YT VS WY WU, WU N | W | U

T T T J ¥

400 00 a0 200 1200 a0 shown in the inset.
Time {5}
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3.2.5 Quantitative defermination of Captopril tablets

The proposeu electrode was applied to the analysis of captopril in formulation. In
this work, we examined the accuracy of the proposed method for determination of captopril
in pharmaceuticals by the method of the standard addition. The recoveries of the added
captopril range between 95.85 and 109.29 % are also shown in Table 1.

Table 1. Recovery of captopril tablet samples with amperometric detection using diamond

electrode applied to flow injection system {(n=2)

Amount of added (}lg/mi) Amount of found (JLg/mf) Percent of recovery (%)
0.43 0.47 £ 0.00 109.29 * 0.02
0.87 0.91 +0.14 105.62 T 3.41
1.30 1.25 + 0.01 9585 + 0.24
1.74 1.77 £ 0.06 101.93 £ 0.72
217 2151+ 0.02 98.99 + 0.17

The precision of the method was obtained on the basis of intra-assay. Three

concentrations of added solution (0.00, 0.43, 1.74 Llg / ml) were chosen. Results obtained
from ten injections gave 1.21-2.15 % of relative standard deviation (RSD). The RSD values
for day-to-day assays of captopril were also investigated. It has been found in the same

laboratory within one week that the RSD values did not exceed 2 %.
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The limitation of the proposed method is the interference in the complex real
samples such as plasma. Electrochemically active species, which have the potential peak
close to the potential peak of captopril can produce the current response and cause the
mistake. However, this interference can be separated out by HPLC technique. The
determination of captopril in artificial samples using boron-doped diamond electrode as the
working electrode of amperometric detection after the first separating them by high-

performance liquid chromatography is under study.
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3.3 Determination of Tiopronin

3.3.1 pH effect

The preliminary study of electrochemical oxidation of tiopronin using BDD and GC
electrodes was performed at pH 2.5, 5.0, 7.0, 8.0, and 9.0. It was found that tiopronin
gave an oxidation peak at neutral and alkali pH. The oxidation potential decreased when
the pH of the analyte solution increased. This phenomenon can be explained that the thiol
group of tiopronin was easily hydrolyzed in alkali medium, which brought more stable
reducing form of tiopronin. We found that tiopronin in phosphate buffer at pH 8 provided

the highest S/B. Therefore, we used this pH for the next experiments.

3.3.2 Cyclic voltammetry

Fig. 3.3.1a) and 3.3.1b) show cyclic voltammograms for tiopronin oxidation at BDD
and GC electrodes in 2 mmol L~ tiopronin + 0.1 mol L phosphate buffer pH 8. The
corresponding backgrounds are also shown.  For the GC electrode, an anodic peak
occurred at approximately + 0.8 V vs. Ag/AQClL. A rapid increase in the current at this
potential was also observed in the background voltammogram due to oxygen evolution and
carbon oxidation. For this reason, the voltammogram was ill-defined. In the case of the
BDD electrode, a very well defined oxidation peak at approximately + 0.8 V vs. Ag/AgCl
was observed. it was observed that there was very low background current. No cathodic

peak was observed on the reverse scan within the investigated potential range (-0.6 to +1.4
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V) for both GC and BDD electrode, because thiol oxidation was an electrochemically

irreversible process.
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Fig. 3.3.2 shows the cyclic voltammograms recorded during variation of the scan rate
for the BDD electrode. It can be seen that peak currenis are linearly proportional to the
square root of the scan rate within the range 10-300 mVs . The linear regression
statistical analysis yields R’ = 0.9997. The linearity suggests that the current is limited by
semi-infinite linear diffusion of tiopronin in the interfacial reaction zone and that rate-limiting

adsorption step and specific surface interactions can be neglected.

2
=

Fig. 3.3.2 Cyclic voltammograms for
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As shown in Fig. 3.3.3, at the BDD electrode the oxidation peak current is linearly
proportional to the tiopronin concentration in the range of 0.05 to 10mmol Lq, while the GC
electrode provided a nonlinear function of the tiopronin concentration. For the BDD
electrode, a well-defined voitammetric peak was obtained with an S/B ratio of 3 at a

. -1
concentration as low as 50 [mol L .

* ﬁf—/ Fig. 3.3.3 Cyclic voltammograms f{or tiopronin in
30 i;o 7 -
w7 |/ "~ amad 0.1 mol L phosphate buffer (pH 8) at BDD
330 o:—J/: — (/; electrode for a series of tiopronin
E Comecrtrptiom (ammh L) o A
Z // h\><___,fm“’ concentrations. The sweep rate was 50 mV s
10 ]::;Lr‘l area of electrode, 0.07 cmz. The dependence
o 003 mmel L' between peak current (HA) and concentrations
o poﬁfnzlal(ifvs Ag]f,ggcnu e at the potentiat of 50 mV s appears in the

3.3.3 Hydrodynamic voftammetry

In the FIA measurements, the first important results were cbtained from hydrodynamic
voltammetry. Fig. 3.3.4 shows hydrodynamic voltammmograms for 20-LLL injections of 100
Hmol L'1 tiopronin + phosphate buffer pH 8, using phosphate buffer pH 8 as the carrier
stream. The peak currents of tiopronin and corresponding background currents are showed
in Fig.3.2.4(a}. Despite the well defined voltammogram of tiopronin was obtained, the
hydrodynamic voltammogram is very stretching-out closer to a straight line (expending from
0.6 to 1.1 V). The expected sigmoidal current potential curve with a defined plateau did not

received. This behaviour does not outweigh the advantage of the very low residual current.
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Therefore, the S/B ratios were calculated from Fig. 3.3.4(a) as a function of potential. As

shown in the Fig. 3.3.4(b) the S/B ratio reaches a maximum value at 0.8 V. Hence, this

potential was selected for quantitative amperometric detection in FIA experiments,
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3.3.4 Flow injection analysis

1.1

Fig. 3.3.4. (a) Hydrodynamic voltammogram of (&)

0.1 mol I’ phosphate buffer (pH 8, background current)
and (+) 100 Bmol L™ of tiopronin in 0.1 mol L phosphate
buffer {pH 8) with averaging the peak curtents from four
injections (injected the analyte solution four times at each
potential and then the average peak current was obtained
by calculation), using 0.1 mol L_1 phosphate buffer (pH 8)
as a carrier stream. {b} Hydrodynamic of signai-to-

background ratio. The flow rate was 1 mi min".

In recent years, a number of studies have been reported concerning the

development of diamond electrodes for applications as amperometric detector in flow

injection analysis [10-12].

In the present paper, we obiained excellent FIA resuits using

boron-doped diamond electrodes for the determination of tiopronin. it was found that the

signal current for repetitive 20-LLL injections of tiopronin at various concentrations in

phosphate buffer, pH 8, at the detection polential, increased linearly with increasing
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concentration from 500 nmol L' to 50 pmol L~ (R” = 0.9992). For the limit of detection,

tiopronin provided a useful signal with S/N 2 3 at a concentration as low as 10 nmol L

3.3.5 Quantitative determination of Tiopronin tabiet
The BDD electrode was applied to the analysis of tiopronin in formulation. We
examined the accuracy of the method for determination of tiopronin in pharmaceuticals by

the method of the standard addition. Linear least squares calibration curve provide a slope

of 21.07 nA/lmol L-1(sensitivity) and correlation coefficient of 0.996. Relative error
compared with the claimed amouni was lower than 4%. The recoveries of the added
tiopronin ranged between 96.5 and 108.3 % were obtained. At lower concentration, it was
found some nonlinearly, with the slope gradually decreasing when the concentration grows.
We expecled that it was due to the inexistence of a plateau, result from hydrodynamic
voltammogram, the current becomes quite potential dependent and any uncompensated IR
drop in the cell can contribute to the blending. Another possible cause can be found in
Figure 3.3.2: the ancdic wave suffers displacement to more positive potential with increase
concentration. This nonlinearity can be caused overestimation at low concentrations to
expecled values, followed by underestimation al the upper end. The tiopronin content of
the drug calculated from this calibration piot (102.8 10.03 mg per tablet n = 2) was found
to be in satisfactory agreement with the labeled amount of 100 mg per tablet.

The precision of the method was obtained on the basis of intra-assay. Three
concentrations of added solution (0.00, 0.98, 1.63 lig ml'1) were chosen. Results obtained
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from ten injections were within 1.10-1.62 % of the relative standard deviation (RSD).

Moreover, the RSD values between two analyses were also investigated. It was found that

the RSD did not differ more than 1.5%.

3.3.6 Comparison with other methods

Table 3.3.1. summarizes data from the other methods for determination of tiopronin
compared with the proposed method. It was found that using the BDD electrodes with
amperometric flow injection analysis gave the similar wide linear dynamic range to other
methods (two order of magnitudes). Interestingly, the proposed method provided a very
low detection limit of 10 nmol L'1, because the BDD eiectrode exhibited very low
background current and noise signals. It also resulted in very high sensitivity. This
outstanding performance of the BDD electrode make it is attractive for using as working

electrode in FIA system for analysis of tiopronin.
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Table 3.3.1 Recovery of tiopronin tablet samples with amperometric detection using

diamond electrode applied to flow injection system {n=2)

Amount of tiopronin tablet

sample added (}lg mi")

Amount of tiopronin tablet

sample found (}lg mi)

Percent of recovery

0.65

070 £ 0.02 108.3 36
0.98 1.04 +0.07 1052167
1.31 1.35 1 0.04 1032+ 238
1.63 1.62 £ 0.01 9961t 04
1.96 1.89 = 0.002 965+ 0.1
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Abstract

The electroanalysis of D-penicillamine in 0.1 phosphate buffer (pH 7) was studied at a boron-doped diamond thin
film (BDD) electrode using cyclic voltammetry as a function of concentration of analyte and pH of analyte solution.
Comparison experiments were performing using a glassy carbon (GC) electrode. The BDD clectrode exhibited a well-
resolved and irreversible oxidation voltammogram, but the GC electrode provided only an ill-defined response. The
BDD electrode provided a linear dynamic range from 0.5 to 10 mM and a detection limit of 25 pM (S/B =.3) in
voltammietric measurement. [t was also found that the peak potentials were decreased when the pH of the analyte
solution was increased. In addition, penicillamine has been studied by hydrodynamic voltammetry and flow injection
analysis with amperometric detection using the BDD electrode. The flow injection analysis results at the diamond
electrode indicated a linear dynamic range from 0.5 to 50 pM and a detection limit of 10 nM (S/N x4). The proposed
method was applied to determine D-penicillamine in dosage form (capsules), the resuits obtained in the recovery study
(255 +:2.50 mg per tablet) were comparable to those labeled (250 mg per tablet).

{0 2002 Elsevier Science B.V. All rights reserved.

Keywords; D-penicillamine; Boron-doped diamond thin film electrode; Cyclic voltammetry; Flow injection system; Amperometric
detection

1. Introduction

p-penicillamine, 3-mercapto-p-valine is a phar-
maceutically important thiol compound frequently
used as a medicinal agent against a number of
diseases i.e. theumatoid arthritis [1], cystinuria |2],
liver disease or certain skin conditions, heavy
metal poisoning and Wilson’s disease [3]. It may

* Corresponding author. Tel.: +66-2-218-4985; fax: +66-2- also inhibit the rep]ication of the human immuno-
254-1309

E-mail gddress: corawon(@chula.ac.th (O, Chailapakul),

0039-9140/02/% - see front matter i 2002 Elsevier Science B.V. All rights reserved.
Pil: 50639-9{40(02)00412-5
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deficiency virus, the cause of acquired immune
deficiency syndrome (AIDS).

Several methods have been proposed for the
determination of p-penicillamine including high-
performance liquid chromatography with pre or
post column derivatization [4-6], calorimetry [7],
fluorometry [8,9], chermiluminescene [10], capillary
electrophoresis [i1,12] and NMR spectrometry
[13]. One of the important limitation of LC
techniques is the fact that this thiol lacks sufficient
UV absorption so a pre or post-column derivatiza-
tion procedure is normally required [10]. Electro-
chemical methods are an alternative for the p-
penicillamine determination because they are
cheap, simple, fast and sensitive. Mercury and
mercury amalgam [14--16] have been extensively
used for thiol-compound determination, however,
mercury has limitations due to its toxicity and the
rapid deterioration of the electrode response [17].
A chemically modified electrode [18] has been also
used to determine D-penicillamine but its use in
flow injection analysis and liquid chromatography
1s limited because it needs particular mechanical
and chemical stability towards the flowing solu-
tion. Recently, the boron-doped diamond thin film
(BDD) electrode has emerged as a unique elec-
trode material for several electrochemical applica-
tions, especially in electroanalysis {19,20]. It can
overcome the limitations that mentioned above
due to its attractive properties, such as its very low
and stable voltammetric background current, its
wide potential window in aqueous solution, its
high resistance to deactivation via fouling, its
insensitivity to dissolved oxygen, and its negligible
adsorption of polar organic molecules. Flow
injection with amperometric detection using the
BDD electrode has been reported for the determi-
nation of some organic compounds such as poly-
amine [21], histamine and serotonin [22].

In this present paper, we used the BDD thin film
electrode to study p-penicillamine by using cyclic
voltammetry in comparison with the glassy elec-
trode. Hydrodynamic voltammetry and flow in-
jection analysis with amperometric detection were
also used to determine p-penicillamine. The results
demonstrated that diamond provided a sensitive,
reproducible response for p-penicillamine oxida-
fion.

2. Experimental
2.1. Chemicals and reagents

All chemicals were analytical grade or better
and all sofutions were prepared by using deionized
water. Phosphate buffer (0.1 M: pH 5-8) was
prepared from 0.1 M potassium dihydrogen phos-
phate (Merck) and the pH was adjusted with 0.1
M sodium hydroxide (Merck) solution. Carbonate
buffer (pH 9.2) 0.1 M was prepared by a mixing
solution of 0.1 M sodium carbonate (Baker)
solution and 0.1 M sodium hydrogen carbonate
(Merck) solution.

p-penicillamine (Sigma) solutions were freshly
prepared in (.1 M phosphate buffer.

2.2, Electrode

The BDD ¢lectrode (obtained from Professor A.
Fujishima) was grown on conductive Si(100)
substrate using microwave assisted chemical vapor
deposition (CVD) system. It was rinsed with
ultrapure water prior to use.

The glassy carbon (GC) electrode was pur-
chased from Bioanalytical System, Inc {area 0.07
cm?). It was pretreated by sequential polishing
with | and 0.05 pm of alumina/water slurries on
felt pads, followed by rinsing with ultrapure water
prior to use.

2.3. Cyclic voltammetry

Electrochemical measurement was carried out in
a single compartment three electrode glass cell.
The BDD electrode was pressed against a smooth
ground joint ai the bottom of the cell isolated by
an O-ring (area 0.07 c¢m?). Ohmic contact was
made by placing the backside of the Si substrate on
a brass plate. The GC electrode was also used as a
working electrode in comparison study with the
BDD electrode. A platinum wire and a Ag/AgCl
with a salt bridge were used as the counter and
reference electrodes, respectively. Cyclic voltam-
metry was performed with an Autolab Potentio-
stat 100 (Eco-Chemie, The Netherlands). The
electrochemical equipment was housed in a far-
adaic cage to reduced electronic noise.
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2.4. Flow injection analysis with amperometric
detection

The flow injection analysis system consisted of a
thin layer flow cell {Bioanalytical System, Inc.), an
injection port (Rheodyne 7123) with a 20 pl
mjection loop, a reagent delivery module (Water)
and an electrochemical detecior (PG 100). The
mobile phase, 0.1 M phosphate buffer (pH 7), was
regulated by a reagent delivery module (N, gas
fiow) at a flow rate of 1 m] min ~'. The thin layer
flow cell consisted of the Ag/AgCl reference
electrode and a stainless steel tube counter elec-
trode, which also serve as the tube for the solution
outlet. A neoprene pasket was used as the spacer in
the cell between the base of the cell and the BDD
electrode. The analyte solution was passed
through an inlet passage in the base and along a
channel in the gasket contacting the electrode,
then to the outlet. The BDD (1l x.3 cm) working
electrode, which its size was larger than the area of
the spacer was compressed between the gasket and
the block of the thin layer flow cell (as shown in
Fig. 1). An alligator clip was used for the electric
contact with the end of BDD electrode. The
experiments were performed in a copper faradaic
cage to reduce electrical noise.

BDD
4 clectrode

inlct  outlet
0 Q

flow
channel

base

A

Fig. 1. Schematic diagram of the flow cell set-up.

2.5. Sample preparation

A mass of powder of one capsule of penicilla-
mine (Cuprimine 250 mg) was transferred to 100
mt volumetric flask and dissolved in 0.1 M
phosphate buffer (pH 7), filtrated through a 0.45
pM nylon membrane syringe filter. Then, the
filtrate was further diluted with 0.1 M phosphate
buffer (pH 7) to obtain a final concentration of 2.5
pg ml~!,

2.6. Interference study

A stock solution of 37.3 pg ml~! of p-penicilla-
mine and 34.2 mg ml™! of lactose in 0.1 M
phosphate buffer (pH 7) were prepared. 5 ml stock
solution of D-penicillamine was pipetted into each
of three 25 mi volumetric flasks, 2.5, 5 and 10 ml
of lactose sclution were added to obtain a
concentration ratio between lactose and D-pencil-
lamine of 20, 40 and 80, respectively. Each flask
was completed to volume with 0.1 M phosphate
buffer (pH 7).

(by GC

Current (pA)

0.0 .2 4 6 8 1.0 1.2
Potential (Vvs Ag/ Ag(h)

Fig. 2. Cyclic voltammograms for 1 mM p-penicillamine in 0.1
M phosphate buffer (pH 7) at (a} boron-doped thin film
electrode and {b) GC electrode (solid line). The potentiai sweep
rate was 20 mV s~'. Background voltammograms (0.1 M
phosphate buffer, pH 7) are also shown in this figure (dotted
line).
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3. Results and discussion

3.1, Cyclic voltammetry

Fig. 2 shows the cyclic voltammograms for 1
mM D-pemcillamine together with the correspond-
ing background voltammogram in 0.1 M phos-
phate buffer (pH 7) at the BDD and GC
electrodes. The background current for the GC
electrode was approximately ten times higher than
that obtained for the BDD electrode. The BDD
exhibits a well-defined irreversible oxidation peak
at ~0.8 V versus Ag/AgCl, whereas the GC
electrode provides an 1ll-defined irreversible oxida-
tion peak at ~0.9 V versus Ag/AgCl

At the BDD electirode, the cyclic voltammogram
of the second cycle still exhibits a well-defined
cyclic voltammogram with a slightly decreasing
peak current and the current can revert to its
original value after purging with a deionized
water, indicating the absence of electrode fouling,
In the case of GC electrode, the cyclic voltammo-
gram in the second exhibits a featureless cyclic
voltammogram and the cufrent can only revert
after polishing the electrode with the alumina
slurries. This was due to electrode fouling.

3.1.1. pH dependence study

The effect of the buffer pH was investigated
from pH 5 te 9.2. At buffer pH between pH 7 and
9.2, the BDD clectrode exhibits a well-defined
cyclic voltammogram while the GC electrode
provides an ill-defined cyclic voltammogram. In
the case of buffer pH 5, the BDD electrode
provides an ill-defined cyclic voltammogram while
the GC electrode provides a featureless cyclic
voltammogram.

The changing of buffer pH effects the oxidation
peak potential. It was found that increasing the
buffer pH, decreased the oxidation peak potential,
probably due to the more facile oxidation of the
thiol group of o-penicillamine in the alkaline
medium, In addition the buffer also affected the
peak current of the cyclic voltammogram. At the
BDD electrode, the maximum peak current with
the maximum $/B ratio was observed at pH 7.
Therefore, this pH was chosen as the optimal pH.

N. Wangfuengkanagul, O. Chailapakul ! Talanta 58 (2002) 1213-1219

3.1.2. Scan rate dependence study

Fig. 3 shows the cyclic voltammetric response of
1 mM p-penicillamine in 0.1 M phosphate buffer
pH 7 with vanation of the scan rate from 0.01 to
0.3 V s~' at the BDD electrode. The oxidation
current vaned highly linearly (r >0.99) with the
square root of the scan rate, v%°, as shown in the
inset of this figure, indicating semi-infinite linear
diffusion of reactant to the clectrode surface.

3.1.3. Concentration dependence study

The oxidation peak current was investigated for
the concentration range from 0.025 to 20 mM b-
penicillamine at the BDD. Fig. 4 shows the cyclic
voltammograms with the concentration of b-
penicillamine varied from 0.5 to 10 mM. Linear
regression analysis of current (pA) versus concen-
tration {mM) profiles showed a reasonable linear-
ity from 0.5 to 10 mM (r >.0.99) for the BDD
electrode, as shown in the inset of this figure. The
GC clectrode provides no linear regression rela-
tionship between the oxidation current and the
concentration. This may be due 1o the electrode
fouling. At a concentration as low as 0.025 mM
and above, a well defined peak with the S/B ratios
>3 was obtained at the BDD electrode while the
GC electrode provided this $/B value at the
concentration of 0.5 mM due to its high back-
ground current.

35 I' "
30 ;_;
25 g 15
E] /
— -
< 2w LI
— o
E 15 (X B S
= L {scan ral:)ov5
& 1
5
i
0 Buckground current (0.05 Viy) !
. . . . . I
0.0 2 4 6 8 1.0 1.2 1.4

Potential (V vs Ag/ AgCl

Fig. 3. Cyclic voltammograms for | mM p-penicillamine in 0.1
M phosphate buffer (pH 7} at boron-doped thin film electrode
(the potential sweep rate was varied from 0.01 to 0.3 V s™').
The curve of the relationship between current and (scan rate)™’
is inset.
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Fig. 4. Cychc voltammograms for p-penicillamine in 0.1 M
phosphate buffer (pH 7) {the concentration varied from 0.5 to
10 mM) at boron-doped thin film electrode. The potential
sweep rate was 0.02 V 57!, The calibration curve was also is
nset,

The reproducibility of the BDD electrode was
also studied. The test consisted of running the
cyclic voltammogram for five aliquots (the same
concentration) of three concentrations (1, 5 and 10
mM p-penicillamine). It appears that the reprodu-
cibihity test is satisfied because the peak current
variation value (relative standard dewviation
(7R.S.D.)) was 2.2-3.1.

3.2, Flow injection analysis with amperometric
detection

3.2.1. Hydrodynamic voltammetry

Fig. 5(a) shows a hydrodynamic voltammetrc
i -E curve obtained at the BDD electrode for 20 pl
injections of 100 pM bp-penicillamine in 0.1 M
phosphate buffer (pH 7), using .1 M phosphate
buffer (pH 7) as the carrier solution. Each datum
represents the average of four imjections. The
absolute magnitude of background current at
each potential is also shown for comparison. The
hydrodynamic voltammogram for p-penicillamine
did not produce a sigmodial shape of the signal
versus potential. To obtain the maxima potential
point, the S/B ratio was calculated from the Fig.
5(a) at each potential. The hydrodynamic voltam-
metric S/B ratio versus potential curve are ob-
tained as shown in Fig. 5(b) with the maximum S/
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Fig. 5. (a) Hydrodynamic vollammograms of (-@-) 100 uM of
p-penicillamine in 0.1 phosphate buffer (pH 7) and (-0-) 0.1
phosphate buffer (pH 7, background current) with four
injections of analytes, using 0.1 M phosphate buffer (pH 7) as
a carrier solution. (b} Hydrodynamic of signal-to-background
ratio. The Bow rate was 1 m} min™*.

B ratios of 0.75 V versus Ag/AgCl. Hence, this
potential was set as the amperometric potential
detection in flow injection analysis experiments.

3.2.2. Linear range, detection limit and
reproducihility

Fig. 6 shows a series of repetitive 20 pl injections
of p-penicillamine in 0.1 M phosphate buffer pH 7
at the detection potential of 0.75 V versus Ag/
AgCl. Well-defined signals without peak tailing
were obtained at all concentration from 10 nM to
2.5 mM. The current signal increased linearly with
the increasing of concentrations from 0.5 to 50 pM
{r >4.99) as shown in the inset of this Figure. The
sensitivity of this method, which 1s the slope of the
relation plot between the current and the concen-
tration over the linear range, was 12.1-17.3 nA
puM ™! Interestingly, the detection limit with S/
N >3 was obtained at the concentration as low as
10 nM of D-penicillamine. The reproducibility of
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Fig. 6. Flow injection with amperometric detection results for p-penicillamine {0.5-50 pM) and calibration graph at the applied
potential of 0.75 V vs. Ag/AgClin 0.1 M phosphate buffer (pH 7) with five injections of analytes. Other conditions are the same as in

Fig. 5

the response was also examined. A peak variability
of 1.8% was found during a course of 45 injections
of 100 p! p-penicillamine, indicating the high
stability of the BDD electrede.

3.3. Application

3.3.1. Drug analysis of penicillamine capsules

The proposed method for pencillamine was
applicd to the determination of penicillamine
capsules, The precision of the method was ob-
tained on the basis of intra-assay using standard
addition. The intra assay study results (n=:2) in
the same day are summarized in Table 1. There
was no significant difference between the labeled
contents and those obtained by the proposed
method with the satisfactory recovery. Recoveries
ranged from 97.75 to 104.69. Moreover, repeat-
ability of results for the addition of p-penicilla-
mine 0, 0.6 and 1.49 ug ml~' with ten replicates
was obtained with a (%R.S.D.) of 1.5-2.1. The
inter-assay was also study between the days (n =4)
and the results are summarized in Table 2, There is

Table 1

Recovery of D-penicillamine sample with amperometric detec-
tion on the BDD electrode applied to flow injection system of
the intra assay study (n =2}

Amount of added (pg Amount of founci  Percent of recov-

ml~") (pg ml™") ery (%)

(.60 0.59 +0.01 98.68 £0.93
090 0.94+0.01 104.04 30.65
1.1% 1.19 +0.01 99.62 +0.39
1.49 1.48 +0.01 98.84 +0.33
250 mg per tablet 255.62+0.14 102.11 30.55

no significant difference in the results, indicating
that the analysis of penicillamine capsules by the
proposed method is reproducible.

3.3.2. Interference siudy

Excepients frequently added to dosage forms are
talc, starch, magnesium stearate and lactose. Tale,
starch, titanium dioxide and magnesium stearate
do not dissolve in 0.1 M phosphate buffer. They
were filtered out in the sample preparation step, so
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Table 2

Recovery of p-penicillamine sample with amperometric detec-
tion on the BDD electrode applied to flow injection system of
the inter assay study (n=4)

Amount of added {(ng Amount of found  Percent of recov-

mi~™") (ngmi™") ery (%)

0.60 £.58 1:0.01 98.04 40.94
0.90 0.91 +0.03 101,30 +3.06
1.19 ' 1.1740.02 99.07 41.45
149 1.50 40.03 100.43 +:1.98
350 mg per tablet 255554250 102.22 +0.99

they did not interfere with the response. Only
lactose was used in this study. It was found the
tolerance limit for the ratio between p-penicilla-
mine and lactose concentrations was 80. This
caused an error of not more than +.5%. The
separation of this interference is being studied in
our laboratory.

4. Conclusions

The BDD electrode was shown to exhibit
excellent performance for the oxidative detection
of p-penicillamine. Well-defined voltammograms
were obtained at diamond electrode, demonstrat-
ing significant advantages over the GC clectrode.
Flow injection analysis with amperometrc detec-
tion using the BDD electrode provided a linear
range over two orders (0.5-50 pM) and a remark-
ably low detection limit (10 nM). Reproducible
responses without pretreatment or modification of
the electrode or using pulse technique were ob-
tained. Moreovet, it was found that this method
could be used for detecting D-penicillamine in
capsule samples with satisfactory reproducible
results.
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Abstract

A boron-doped diamond thin film (BDD) electrode was first used to study the electroanalysis of captopril in phosphate buffer (pH = 9) by
several techniques such as cyclic voltammetry, hydrodynamic vollammetry and flow injection with amperometric detection. Cyclic
voltammetry was used to study the reaction as a function of concentration of analyte. The results were compared with a glassy carbon
(GC) electrode at the same condition. Captopril undergoes irreversible reaction at both electrodes. However, the BDD electrode provided
highly reproducible, well-resolved cyclic voltammogram and higher signal-to-background (5/B) ratio comparing with GC electrode. Linear
range from 50 pM to 3 mM and detection limit of 25 M {S/B = 3) were obtained trom the BDD electrode using cyclic voltammetry. The
potential sweep rate dependence of captopril oxidation (peak currents for 1 mM captopril linearly proportional to v!/2, within the range of (.01
to 0.3 V s~ ') indicates that the oxidation current is diffusion controlled with negligible adsorption on the BDD surface. The flow injection
experiments of the BDD electrode at the concentration from 0.5 to 100 uM provided a linear dynamic range and very low detection limit of
10 nM were obtained ($/N == 3}. In addition, the determination of captopril in the commercial available tablets by flow injection system with

i

amperometric detection at diamond electrodes has also been investigated. The results show very good precision (1.21-2.15%).

© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Captopril; Boron-doped diamond thin film electrode; Flow tnjection system; Amperometric detection; Electrochemestry

1. Introduction

Boron-doped diamond (BDD) thin film electrode is one of
the new promising materials for electrochemical applications
due to its unique and extremely useful property [1]. Electro-
analysis is one field that can benefit from the attractive
electrochemical properties of diamond thin film as an elec-
trode material [2-8]. Its attractive properties such as very low
and stable voltammetric background current [6], wide poten-
tial window in aqueous electrolyte solutions {2.5-3 V) [9],
slight adsorption of polar organic molecules, high resistance
to deactivation via fouling and good activity toward some
redox analytes without any conventional pretreatment {10].

Captopril belongs to the group of anti-hypertensive drugs
that affect the renin—angiotensin system and are commonly
referred to as angiotensin-converting enzyme (ACE) inhi-
bitors. The chemical name of captopril is (5)-I-(3-mercapto-
2-methyl-L-oxo-propyl)-L-proline, and it is widely used
for the weatment of arterial hypertension. Recent studies
suggest that it may also act as a scavenger of free radicals
because of its thiol group [11-13].

* Corresponding author. Tel.: +66-2-218-7615: fax; +66-2-254-1309.
E-mail address: corawon@chula.ac.th ((). Chailapakul).

Several methods have been proposed for the determination
of captopril, including high-performance liquid chromatogra-
phy with pre- or post-column derivatization [14—171, colori-
metry [12,18], fluorometry [!19-21], chemiluminescence
[22-24], capillary electrophoresis [25-28], spectrometry
[29-33] and amperometry [34-36]. One of the important
limitation of LC techniques is the fact that captopril lacks
sufficient UV absorption so a pre- or post-column derivati-
zation procedure is normally required and these results in
increased cost and comptlication of analysis. Electrochemi-
cal techniques are an alternative method for the captopril
determination because they are simple, fast and low cost.
The electrochemical detection of captopril has been reported
using graphite [35,36] and selective membrane electrode
as the working electrode {35]. Nevertheless, the sensitivity
and reproducibility of electrodes were not high because the
surface of these electrodes was easy to contaminate by the
fouling products and impurities. Boron-doped diamond thin
film electrode can be used to eliminate this problem without
any pretreatment because of the stable surface morphologies
and the surface carbon atoms terminated by hydrogen [9).
Thus, the BDD surface is relatively non-polar, very stable
and suffers less adsorption of polar molecules, as reported
by Xu et al. [10].

0925-4005/03/8 — see front mader ° 2003 Elsevier Science B.V. All rights reserved.

doi: 10. 101 6/S0525-4005(03)00067 -4
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Altemative automatic procedure based on flow injection
techniques have been widely suggested, since they enable re-
duce time of analysis. Moreover, they can increase reprodu-
cible and accurate results. Flow injection with amperometric
detection using a boron-doped diamond thin film electrode
has been reported for the determination of some organic
compounds suchas polyamine {4], histamine and serotonin {6].

In this present paper, we report use of the boron-doped
diamond thin film electrode to study captopril using cyclic
voltammelry in comparison with the glassy electrode.
Hydrodynamic voltammetry and flow injection analysis
with amperometric detection was also used to determine
captopril in the standard chemical form and commercial
availabie tablets.

2. Experimental
2.1. Chemicals and reagents

All chemicals were analytical grade and used without
further purification. All solutions were prepared using deio-
nized water. Phosphate buffers (pH 5-8), 0.1 M, were pre-
pared from 0.1 M of potassium dihydrogen phosphate
{Merck) and 0.} M disodium hydrogen phosphate (BDH).
Phosphate buffer (pH 2.5) was prepared from 0.1 M of
potassium dihydrogen phosphate and the pH was adjusted
with orthophosphoric acid (85%, Carlo Erba). Phosphate
buffer (pH 9.0), 0.1 M, was prepared from 0.1 M of potas-
sium dihydrogen phosphate and 0.1 M disodium hydrogen
phosphate and the pH was adjusted with 0.1 M sodium
hydroxide (Merck) solution. The standard captopril (Sigma)
solutions were freshly prepared in 0.1 M phosphate buffer.

2.2. Electrode

The experimental conditions and the apparatus used for
the diamond film growth have been described in detail
elsewhere [37]. The films were prepared by deposition of
the BDD thin films on highly conductive n-Si{1 1 1) sub-
strates by microwave plasma-assisted chemical vapor deposi-
tion. Deposition was usually carried out for 10 h to achieve a
film thickness of approximately 30 pm. The nominal B/C
atomic ratio in the gas phase was 100:1, and the typical boron
doping level in the film was ca. 10°' cm™. The BDD
electrodes were rinsed with ultrapure water prior to use.
The glassy carbon (GC) elecuode was purchased from
Bioanalytical System Inc. (area 0.07 cm®). It was pretreated
by sequential polishing with 1 and 0.05 micron of alumina/
water slurries on felt pads, followed by rinsing with ultrapure
water prior to use.

2.3. Cyclic voltammetry

Electrochemical measurements were recorded using
Autolab Potentiostat 100 (Eco-Chemie, The Netherlands}

with a standard three-electrode glass cell configuration. The
BDD electrode was pressed against a smooth ground joint at
the bottom of the cell isolated by an O-ring (area (1.07 em?)
and served as the working electrode. Ohmic contact was
made by placing the backside of the Si substrate on a
brass plate. A GC electrode was also vsed as a working
electrode in the comparison study with the BDD electrode.
A platinum wire and a Ag/AgCl electrode with a salt bridge
were used as the counter and reference electrodes, respec-
tively. Cyclic voltammetry was used to probe the electro-
chemical reaction. The electrochemical measurements were
housed in a Faradaic cage to reduce electronic noise. All
experiments were done at a room lemperature.

2.4. Flow injection analysis with amperometric detection

The flow injection analysis system consisted of a thin
layer flow cell (Bioanalytical System Inc.), an injection port
(Rheodyne 7125) with a 20-pl injection loop, a peristaltic
pump (Ismatec) and an electrochemical detector (PG 100).
The mobile phase, 0.1 M phosphate buffer (pH 9), was
regulated by a reagent delivery module at a flow rate of
1 ml min~". The thin layer flow cell consisted of a silicone
rubber gasket as a spacer, Ag/AgCl as the reference elec-
trode, stainless steel tube as an auxiliary electrode and
an outlet. The experiments were performed in a copper
Faradaic cage to reduce electrical noise. A hydrodynamic
voltammogram was obtained before the amperometric
determination was performed. The peak current after each
injection was recorded, together with the corresponding
background current. These data were plotted as a function
of applied potential to obtain hydrodynamic voltammo-
grams. The amperometric measurements were carried out
at the potential giving a maximum signal-to-background
(S/B) ratio in the hydrodynamic voltammograms, or in the
himiting current range,

2.5. Sample preparations

Tablets containing captopril (Bristol-Myers Squibb) were
analyzed. Five tablets were each weighed so as (o obtain the
mean tablet weight. An accurately weighed portion of the
homogenized powder corresponding to mean tabiet weight
was treated with 0.1 M phosphate buffer (pH 9), then diluted
to the final concentration with the same solution, providing a
concentration within the linear dynamic range.

3. Results and discussion
3.1. Cyclic voltammetry

Fig. 1(a) and (b} show the cyclic voltammograms for
| mM captopril together with the corresponding background

voltammogram in 0.1 M phosphate buffer (pH 9) at the
BDD and GC electrodes. The background current for the GC
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Fig. 1. Cyclic voltammograms for (a) BDD and (b) GC vs. AgfAgCl in
1.0 mM captopril in 0. M phosphate buffer pH ¢ {solid lines) and 0.1 M
phosphate buffer pH 9 (dashed lines). Sweep rate, 30 mV s~ area of
elecrode, 0.07 cm?.

electrode was ~10 times higher than that obtained for the
BDD electrode. The BDD exhibited a well-defined irrever-
sible oxidation peak at ~0.8 V versus Ag/AgCl, whereas the
GC electrode provided an ill-defined irreversible oxidation
peak. No cathodic peak was observed on the reverse scan
within the investigated potential range (0 to -+ 1.4 V) because
thiol oxidation is an electrochemically irreversible process.

The effect of the buffer pH was investigated from pH 2.5
10 9. At the baffer pH between pH 8 and 9, the BDD
clectrode exhibited a well-defined cyclic voltmmogram
while the GC electrode provided an ill-defined cyclic voltm-
mogram. In the case of acidic buffer, the BDD electrode
provided an ill-defined cyclic voltammogram while the GC
electrode provided a featureless cyclic voltammogram.

The changing of buffer pH effects to the oxidation peak
potential. At BDD electrode, it was found that increasing the
buffer pH, decreased of the oxidation peak potential, prob-
ably due to the facile oxidation of the thiol group of captopril
structure in the alkaline medium (data were not shown). The
maximum peak cwrrent with the maximum S/B ratios was
observed at pH 9. Therefore, this pH was chosen as the
optimal pH.

3.2. Concentration and sweep rate dependence

The oxidation peak current was measured at the BDD
electrode for the captopril concentration range from 0.025 1o
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Fig. 2. Cyclic voltammogram for captopril in 0.1 M phosphate buffer
{pH %) at boron-doped diamond electrode for a series of captopril
concentrations. The potential sweep rate was S0 mV s~ area of electrode,
0.07 cm?. The calibration curve is shown in the inset,

20mM in 0.1 M phosphate buffer (pH 9) at sweep rate
50mV s~' Based on a series of cyclic voltammograms
in which the concentration of captopril was varied from
0.025 to 20 mM, a linear regression statical analysis of peak
current {pA) versus concentration (mM) was obtained,
linearly proportional in the range 0.05-3 mM (r > 0.99,
data shown in Fig. 2). The response of the BDD electrode
is appropriate for quantitative captopril determination even
in the millimolar concentration range,

We also investigated the potential sweep rate dependence,
as shown in Fig. 3. The voltammograms of 1 mM captopril
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Fig. 3. Cyclic voltammograms for | mM captopril in (.1 M phosphate
buffer (pH 9) at boron-doped diamond electrode for a series of potential
sweep rates; area of electrode, 0.07 ¢cm®. The calibration curve of
relationship between curremt (WA) and (sweep rate)"® was also in the
inset of this figure.
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Fig. 4. (a) Hydrodynamic voltammogram of (-@-) 0.1 M phosphate buffer (pH 9, background current) and (-W-} 100 uM of captopril in 0.1 M phosphate
buffer (pH 9) with four injections of analysis, using 0.} M phosphate buffer {(pH 9) as a carrier solution. (b) Hydrodynamic of signal-to-background ratio. The

flow rate was 1 m] min™".

were recorded during variation of the scan rates at the BDD
electrode. 1t can be seen that peak current (nA) is linearly
proportional to the square root of the sweep rate (Vs ")
within the range 0.01-0.3 V s~ '. The linear regression ana-
lysis yields r > 0.999. From the voltammogram, it was found
that the peak potential shifted positively with increasing
sweep rate, as expected for an irreversible process, and
the linearity suggest that the reaction involves a diffusing
species.

3.3. Hydrodynamic voltammetry

To obiain the optimal potential for amperometric detec-
tion in flow injection analysis, the hydrodynamic voliam-
metric behavior of captopril was studied. Fig. 4 shows a
hydrodynamic veltammetric i—E curve obtained at the BDD
electrode for 20-pl injections of 100 uM captopril in 0.1 M
phosphate buffer (pH 9), using 0.1 M phosphate buffer
{pH 9) as the carrier solution. Each datum represents the
average of four injections. The absolute magnitude of the
background current at each potential is also shown for
comparison. The hydrodynamic voltammogram for captopril
did not produce a sigmoid shape of the signal versus poten-
tial. The S/B ratio was calculated from the Fig. 4(a) at each
potential to obtain the maxima potential point. Therefore, the
hydrodynamic voltammetric S/B ratios versus potential curve
is shown in Fig. 4(b) with the maximum S/B ratio at 0.9 V.
Hence, this potential was set as the amperometric potential
detection in flow injection analysis experiments.

3.4. Flow injection analysis

Recently, a number of papers have appeared concerning
the use of boron-doped diamond electrodes in FIA for the
determination of organic compounds. In the present work,
we also obtained excellent FIA results using boron-doped

diamond electrodes for the determination of captopril.
Fig. 5 shows a series of repetitive 20-pl injections of various
concentrations of captopril in 0.1 M phosphate buffer (pH 9)
at detection potential 0.9 V versus Ag/AgCl. Well-defined
signals were obtained at all concentrations, from 5 nM
to 10nM. The current signal decreased linearly with
decreasing concentration from 100 to 0.5 uM (r > 0.99),
as shown in the inset. In additional, a detection limit for
S/N == 3 was determined. It can be seen that at 0.9V, the
BDD electrode could detect a captopril concentration as low
as 10 nM.

3.5. Quantitative determination of captopril 1ablets

The proposed electrode was applied to the analysis of
captopril in formulation. In this work, we examined the
accuracy of the proposed methed for determimation of
captopril in pharmaceuticals by the methoed of the standard
additien (results shown in Fig. 6). The captopril content of
the drug calculated from two replicate measurements
(12.88 + 0.01 mg per tablet) was found to be in satisfactory
agreement with the declared amount of 12.5 mg per tablet.
The recoveries of the added captopril range between 95.85
and 109.29% are also shown in Table 1.

Table 1
Recovery of captopril tablet samples with amperometric detection using
diamond electrode applied to flow injection system (n = 2)

Amount of added Amount of found Percent of
(pg/ml) (ug/ml) recavery (%)
0.43 047 £ 0.00 109.29 £ 0.02
0.87 091 £0.14 105.62 + 3.41
1.30 1.25 £ 0,01 95.85 £ 0.24
1.74 1.77 £ 0.06 10193 + 0.72
217 215 £ 0.02 98.90 £ 0.17
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Fig. 5. Flow injection analysis with amperometric detection results for a diamond electrode using 20-pl of captopril at various concentrations. The mobile
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Fig. 6. Flow injection analysis results for determination of captopril in commercially available tablets. Using the standard addition for the added captopril: (a)
0.00 pg/ml. (b) 0.43 pgfml, (c) 0.87 ug/ml, (d) 1.30 pg/ml. () 1.74 pg/ml, (£) 2.17 pg/ml.

The precision of the method was obtained on the basis
of intra-assay. Three concentrations of added solution (0.00,
0.43, and 1.74 pg ml™") were choscn. Results obtained from
10 injections were within 1.21-2.15% of the relative stan-
dard deviation (R.S.D.). The R.S.D. values for day-to-day
assays of captopril were also investigated. It has been found
in the same laboratory within 1 week that the R.5.12. values
did not exceed 2%.

The limitation of the proposed method is the interference
in the complex real samples such as plasma. Electrochemi-
cally active species, which have a potential peak close to the
potential peak of captopril can produce the current response
and cause the mistake. This interference can be separated out
by HPLC technique. The determination of captopril in an
artificial samples vsing a boron-doped diamond electrode as
the working electrode for amperometric detection after the
separation by HPLC is under study.

4. Conclusions

Captopril can be detected directly with high sensitivity in
alkaline medium using boron-doped diamond electrodes
operating in an amperometric detection mode for FIA.
Weil-defined sweep rate dependent cyclic voltammograms
were oblained. The pH dependence of captopril oxidation
shows that, at the diamond electrode, a well-defined response
can be obtained in an alkaline medium, while a response can
not be obtained at a GC electrode in either acidic or basic
media. FIA results show that captopril can be detected
amperometrically with high seasitivity and reproducibility.
The detection limit of 10 oM (0.2 pmol) was obtained with a
response variability less than 3% (n = 10). A linear dynamic
range from 0.5 to 100 pM was achieved. Its advantages over
chromatographic methods include simplicity, cost effective-
ness and rapidity of the analysis. Application of the proposed
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method for determination of captopril in commercially avail-
able tablet dosage forms indicates that this method is precise,
accurate and very sensitive.
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Abstract

The electrooxidation of tiopronin at diamond film electrodes was investigated using cyclic voltammetry. Comparison
experiments were performed with glassy carbon electrodes. At the diamond film electrode, it was found that tiopronin provided
highly reproducible and well-defined cyclic voltammograms, with peak potential at a potential of +0.8V versus Ag/AgCL
Conversely, tiopronin gave ill-defined cyclic voltammograms at the glassy carbon electrode. The linearity at diamond filim
electrode was observed over the range of 0.05-10mmol 17" and the detection limit of 50 pmol 1! (S/B = 3). In addition, the
amperometric hydrodynamic voltammetry along with flow injection analysis with diamond electrode as the working electrede
was studied. A detection potential of +0.8V was chosen, at which tiopronin exhibited the highest signal-to-background
ratios. The flow injection analysis results showed the significant Jow detection limit of 10 nmol 1~ {S/N ~ 3) and a linear
dynamic range of 0.5-50 pumol 1 =}, The method was applied to the determination of tiopronin in 2 pharmaceutical formulation.
According to the procedure based on the standard addition technique, the recoveries obtained were 96.5-108.3% and the RSD

values were 1.10-1.62% (n = 10).
€ 2003 Elsevier B.V. All rights reserved.

Keywards: Tiopronin; Boron-doped diamond thin film efectrode; Flow injection system; Amperometric detection; Electrochemical oxudation

t. Introduction

The electrochemical use of synthetic conductive
diamond thin film electrodes is being increasingly
reported [1-8). Diamond is one of nature’s best in-
sulators, but when doped with boron, the material
can posses either semiconducting or semimetallic
electronic properties depending on the doping level
[9]. Therefore, boron-doped diamond (BDD) thin
film electrode is one of the new promising mate-
nals for electroanalytical measurements due to its
attractive electrochemical properties over other elec-

* Corresponding author. Tel.: 466-2-218-7615;
fax: +66-2-254-1309.
E-mail address: corawon@chula.ac.th (O. Chailapakul).

trodes. Its attractive features include low and stable
voltammetric background currents, a wide working
potential window in aqueous clectrolyte solution, low
adsorption of polar molecules from aqueous solution,
long-term response stability, and good activity with-
out any conventional pretreatment [10-13]. These
material properties are the impetus for ocur interest
in studying and developing diamond electrodes for
electrochemical applications.

Tiopronin [N-(2-mercaptopropionyl}-glycine] is a
drug with a free thiol group that is used in clinical ap-
plications. It is effective in the treatment of cystinuria,
rheumatoid arthritis as well as hepatic disorders, and
as an antidote to heavy metal poisoning [14,15,19).
Along with its needed effects, it may cause some un-
wanted effects such as muscle pain, yellow skin or

0003-2670/8 — see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/).aca.2003.07 601
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eyes, sore throat and fever, change in taste or smell, etc.
Moreover this drug produces a dose-related nephrotic
syndrome. Tiopronin is available only with a doctor’s
prescription [17,18,20).

Various methods have been proposed for the de-
termination of tiopromin. Most of these involve
conventional spectrophotometry based on the for-
mation of complexes with metal ions [19,28], fluo-
rometry [14], chemiluminescence [15,21-23], liquid
chromatography [24,25], and gas chromatography
[26,27]. These techniques require expensive appara-
tus and reagents as well as skilled operators, They are
also time-consuming. Tedious pre- and post-column
derivatization is often required for liquid chromatog-
raphy. A sensitive and rapid method for the analysis
15 still needed.

Electrochemical methods are popular for many ap-
plications because the procedures are simple and fast,
and the cost is low. Nevertheless, the determination
of thiols has provided a substantial challenge to the
electroanalytical community as the direct oxidation
of thiol functionality 1s generally hampered by peor
voltammetric behaviour at solid electrodes. Numerous
strategies have been developed to alleviate some of the
problems that affect both the selectivity and sensitiv-
ity of analytical procedures. Using mercury electrodes
can often provide significant enhancements in sensi-
tivity. However, the method based on mercury has a
limit due to its possible toxicity and the rapid dete-
rioration of the electrode response [29]. Boron-doped
diamond thin film electrodes can be used to eliminate
these problems. Thus, the BDD electrode is an inter-
esting matenal for studying the electrochemical oxi-
dation of tiopronin.

Boron-doped diamond thin film electrodes have
been successfully used in amperometric detection
schemes coupled with automatic system based on
flow injection anpalysis (FIA) for several analytes,
since they can reduce time of analysis. Moreover,
they can provide reproducible and accurate resuits
[30-32]). In this present work, we report the use of
BDD electrodes to study the electrochemical oxida-
tion of tiopronin using cyclic voltammetry. Focus is
placed on comparing the results with glassy carbon
{GC} electrodes. In addition, the performance of the
BDD electrode for the detection of this analyte was
examined by hydrodynamic voltammetry and FIA
with amperometric detection for determination of tio-

prenin in standard chemical form and commercialty
available tablets.

2. Experimental
2.1. Chemicals and reagents

All chemicals were of analytical grade or better
and were used without further purification. All solu-
tions and subsequent ditutions were prepared in deion-
ized water. Phosphate buffers (pH 5-8), 0.1 moll~!,
were prepared from 0.1 mol1™! potassium dihydro-
gen phosphate (Merck) and 0.1 mol I™! disodium hy-
drogen phosphate (Fluka). Phosphate buffer (pH 2.5)
was prepared from 0.1 moll~! potassium dihydrogen
phosphate and the pH was adjusted with orthophos-
phoric acid (85%, Carlo Erba). Phosphate buffer (pH
9), 0.1 mol ~!, was prepared from 0.1 mol ~! potas-
sium dihydrogen phosphate and the pH was adjusted
with 0.1 mol 1~} sodium hydroxide. The standard tio-
pronin (Sigma) solutions were freshly prepared with
the same buffer prior to use.

2.2, Electrodes

The experimental conditions and the apparatus used
for the diamond film growth have been described in de-
tail elsewhere [33]. The films were prepared by depo-
sition of the BDD thin films on highly conductive n-Si
(11 1) substrates by microwave plasma-assisted chem-
ical vapour deposition. Deposition was usually carried
out for 10h to achieve a film thickness of approxi-
mately 30 wm. The nominal B/C atomic ratio in the gas
phase was 1:100, and the typical boron-doping level
in the film was ca. 10%! cm™3. The BDD electrodes
were rinsed with ultra-pure water prior to use. The GC
electrode was purchased from Bioanalytical System,
Inc. (area 0.07 cm?). Pretreatment involved sequential
polishing with 1 and 0.05 p of alumina/water slurries
on felt pads, followed by rinsing with ultra-pure water
prior to use.

2.3. Cyclic voltammetry
Electrochemical measurements were recorded using

an Autolab Potentiostat 100 (Metrohm, Switzerland)
with a standard three-electrode configuration. The
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planar working BDD clectrode was pressed against a
smooth ground joint at the bottom of the cell, isolated
by an O-ring. The geometric area of the working
electrode is 0.07 cm?. A platinum wire served as the
auxiliary electrode and Ag/AgCl was used as the ref-
erence. Placing the backside of the Si substrate on
a brass plate made ohmic contact. A GC electrode
(0.07 cm?, Bioanalytical System, Inc.) was also used
as a working clectrode in the comparison study with
the BDD electrode. Cyclic voltammetry was used to
probe the electrochemical reaction. The electrochem-
ical measurements were housed in a Faradaic cage to
reduce electronic noise. All experiments were done at
room temperature.

2.4. Flow injection analysis with amperometric
detection

The FIA system consisted of a thin layer flow cell
(Bioanalytical System, Inc.), an injection port (Rheo-
dyne 7725) with a 20-pl mjection loop, a peristaltic
pump (Ismatec), and an electrochemical detector
(PG100). The carrier stream, 0.1 mol1~! phosphate
buffer (pH 8), was regulated by a reagent deliv-
ery module at a flow rate of 1 mimin~'. A pulse
dampener was used in series to reduce the pulsation
introducing by the alternation of the rotler of the peri-
staltic pump. The thin layer flow ceil consisted of a
siicone gasket as a spacer, Ag/AgCl as the reference
electrode, stainless steel tube as an auxiliary elec-
trode and outlet. The expenments were performed
in a copper Faradaic cage to reduce electrical notse.
A hydrodynamic voltammogram was obtained be-
fore the amperometric determination was performed.
The peak current after each injection was recorded,
together with the commesponding background current.
These data were plotted as a function of appled po-
tential to obtain hydrodynamic voltammograms. The
amperometric measurements were carried out at the
potential giving a maximum signal-to-background
(5/B) ratio in the hydrodynamic voltammograms.

2.5. Sample preparations

Tablets containing tiopronin (Mission pharmacal)
were analyzed. The drug tablet was homogenized in
an agar mortar, The amount of the powdered mass
analyte was dissolved in 100ml of 0.1 mol1~! phos-

phate buffer (pH 8). This solution was diluted in such
a way that the concentration of tiopronin in the fi-

nal test solution was within the linear dynamic range
(0.5-50 pmol 1),

3. Results and discussion
3.1. pH effect

The preliminary study of electrochemical oxidation
of tiopronin using BDD and GC electrodes was per-
formed at pH 2.5, 5.0, 7.0, 8.0, and 9.0. It was found
that tiopronin gave an oxidation peak at neutral and
alkali pH. The oxidation potential decreased when
the pH of the analyte solution increased. This phe-
nomenon can be explained by the fact that the thiol
group of tiopronin was easily hydrolyzed in alkaline
medinm to produce the more stable reduced form, We
found that tiopronin in phosphate buffer at pH 8 pro-
vided the highest S/B. Therefore, we used this pH for
the next expernments,

3.2. Cyclic voltammetry

Fig. 1(a) and (b) shows cyclic voltammograms for
tiopronin oxidation at BDD and GC electrodes in
2mmol 1" tiopronin+ 0.1 moll~!' phosphate buffer
pH 8. The corresponding backgrounds are also shown.
For the GC electrode, an anodic peak occurred at ap-
proximately +0.8 V versus Ag/AgCl. A rapid increase
in the current at this potential was also observed in the
background voltammogram due to oxygen evohition
and carbon oxidation. For this reason, the voltammo-
gram was ill-defined. In the case of the BDD electrode,
2 very well-defined oxidation peak at approximately
+0.8 V versus Ag/AgCl was observed. It was observed
that there was very low background current. No ca-
thodic peak was observed on the reverse sweep within
the investigated potential range (—0.6 to +1.4V) for
both GC and BDD electrode, because thiol oxidation
was an electrochemically irreversible process.

Fig. 2 shows the cyclic voltammograms recorded
during variation of the sweep rate for the BDD elec-
trode. It can be seen that peak currents are linearly pro-
portional to the square root of the sweep rate within the
range 10-300mV s~ !, The linear regression statistical
analysis yields R?Z = 0.9997. The linearity suggests
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Fig. . Cyclic voltammegrams for (a) BDD and (b) GC vs.
Ag/AgClin 2.0 mmol 1! tiopronin in 0.1 mol ™' phosphate buffer
pH 8 (solid lines) and 0.1 mol 1~! phosphaie buffer pH 8 (dashed
lines). The sweep rate was 50mV s~ !; area of electrode, 0.07 cm?.
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that the current is limited by semi-infinite linear dif-
fusion of tiopronin in the interfacial reaction zone and
that rate-limiting adsorption step and specific surface
interactions can be neglected.

As shown in Fig. 3, at the BDD electrode the
oxidation peak current is linearly proportional to
the tiopronin concentration in the range of 0.05-
t0mmol1~!, while the GC electrode provided a
non-linear function of the tiopronin concentration. For
the BDD electrode, a well-defined voltammetric peak
was obtained with an $/B ratio of 3 at a concentration
as low as 50 pmol 171,

3.3. Hydrodynamic voltammeiry

In the FIA measurements, the first important results
were obtained from hydrodynamic voltammetry. Fig. 4
shows hydrodynamic voltammmograms for 20-pl in-
jections of 100 wmol i~! tiopronin + phosphate buffer
pH 8, using phosphate buffer pH 8 as the carrier
stream. The peak currents of tiopronin and corre-
sponding background currents showed in Fig. 4a. De-
spite the well-defined voltammogram of tiopronin was
obtained, the hydrodynamic voltammogram (Fig. 4a)
is very stretched out closer to a straight line (ex-
tending from 0.6 to 1.1 V). The expected sigmoidal
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Fig. 2. Cyclic voltammograms for | mmoll~! tiopronin in 0.1 mol 1~ phosphate buffer {pH 8) a1 BDD} electrode for a series of sweep
rates; area of electrode, 0.07 cm?. The dependence between peak current {(WA) and square root of the sweep rate appears in the insei,
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Fig 3. Cyclic voltammograms for tiopronin in 0.1 mol1~" phosphate buffer (pH 8) at BDI electrode for a series of tioprozin concentrations.
The sweep rate was S0mV s™%; area of electrode, 0.07 cm?. The dependence between peak current {A) and concentrations at the potential

of 50mV s~ ! appears in the inset.

current potential curve with a defined plateau did not
receive. This behaviour does not outweigh the advan-
tage of the very low residual current. Therefore, the
S/B ratios were calculated from Fig. 4a as a function
of potential. As shown in Fig. 4b the S/B ratio reaches
a maximum value at 0.8 V. Hence, this potential was
selected for quantitative amperometric detection in
FIA experiments.

3.4. Flow injection analysis

In recent years, a number of studies have been re-
ported conceming the development of diamond elec-
trodes for applications as amperometric detector in
FIA [10-12). In the present paper, we obtained ex-
cellent FIA results using BDD electrodes for the de-
termination of tiopronin. It was found that the signal
current for repetitive 20-p! injections of tiopronin at
various concentrations in phosphate buffer, pH 8, at
the detection potential, increased linearly with increas-
ing concentration from 500nmol 1! to 50 wmoll~!
(R? = 0.9992). For the limit of detection, tiopronin
provided a useful signal with S/N = 3 at a concentra-
tion as low as 10nmol1~".

3.5. Quantitative determination of tiopronin tablet

The BDD electrode was applied to the analysis of
tiopronin in formulation. We examined the accuracy
of the method for determination of tiopronin in phar-
maceuticals by the method of the standard addition.
Linear least square calibration curve provides a slope
of 21.07 nA/pmol [~ (sensitivity) and correlation co-
effictent of 0.996. Relative error compared with the
claimed amount was lower than 4%. The recoveries of
the added tiopronin ranged between 96.5 and 108.3%
were obtained as shown in Tabie 1. At lower concen-
tration, it was non-linear, with the slope gradually de-
creasing when the concentration grows. We expected
that it was due to the inexistence of a plateau, result
from hydrodynamic voltammogram, the current be-
comes quite potential-dependent and any uncompen-
sated IR drop in the cell can contribute to the blending.
Another possible cause can be found in Fig. 2: the
anodic wave suffers displacement to more positive po-
tential with increase concentration. This non-linearity
can be caused overestimation at low concentrations to
expected values, followed by underestimation at the
upper end. The tiopronin content of the drug calculated



188 W. Siangproh et al./ Analvtica Chimica Acta 499 (2003) 183189

1000

{a)
800

600 ¢

400 |

Current (nA)

S/B ralios

0 . N 1 I

S5 6 7 8 9 0 11
Potential (V vs Ag/AgCl)

Fig. 4. (a) Hydrodynamic voltammogram of {A) 0.1 mo!{1~! phos-
phate buffer (pH 8§, background current) and (@} 100 pmot 1~} of
tiopronin in 0.1 moll~! phosphate buffer (pH 8) with averaging the
peak currents from four injections (injected the analyte solution
four times a1 each potential and then the average peak current was
obtained by calculation), using 0.1mol 1! phosphate buffer (pH
8) as a carrier stream. {b} Hydrodynamic of signal-to-background
ratio. The flow rate was 1 mlmin~".

from this calibration plot (102.8 £ 0.03 mg per tablet,
n = 2) was found to be in satisfactory agreement
with the labelled amount of 100 mg per tablet.

The precision of the method was obtained on the
basis of intra-assay. Three concentrations of added so-
lution (0.00, 0.98, 1.63 g ml~!) were chosen. Results

Table 1
Recovery of tiopronin tablet samples with amperometric detection
using diamond electrode applied to flow injection system {(n = 2)

Amount of tiopronin Amount of tiopronin Percent of
tablet sample added tablet sample found recovery
(ngmi”h) tpgmt™!)

0.65 6.70 £ 0.02 1083 + 3.6
0.98 1.04 £+ 0.07 1052 £+ 6.7
1.31 1.35 + 0.04 1032 £ 28
1.63 1.62 £ 0.01 99.6 + 0.4
1.96 1.89 + 0.002 96.5 + 0.§

obtained from 10 injections were within 1.10-1.62%
of the relative standard deviation (RSD). Moreover,
the RSD values between two analyses were also in-
vestigated. It was found that the RSD did not differ
more than 1.5%.

Further efforts will study the use of amperometric
techniques coupled with HPLC system for the deter-
mination of tiopronin in complex real samples to im-
prove the selectivity, sensitivity, and detection limit.

3.6. Comparison with other methods

Table 2 summarizes data from the other methods
for determination of tiopronin compared with the pro-
posed method. It was found that using the BDD elec-
trodes with amperometric FIA gave the similar wide
linear dynamic range to other methods (two order of
magnitudes). Interestingly, the proposed method pro-
vided a very low detection limit of 10 nmoll~}, be-
cause the BDD electrode exhibited very low back-
ground current and noise signals. It also resulted in
very high sensitivity. This outstanding performance of
the BDD electrode make it attractive for using as work-
ing electrode in FIA system for analysis of tiopronin.

Table 2

Compartson of data for tiopronin determination

Method Linear dynamic Detection lirnit Precision Reference
range {(pmol I7') (mot1™!) {percent RSDY

Flow injection fluorometric 0.8-20 0.098 1.0 (1 p.molf":) [14]

Flow injection chermluminescent 0.1-70 0.036 2.6 (3pmoll™") [15}

Liquid chromatography with electrochemical detection 5-20 0.710 - l [16]

Chemiluminescent HPLC coupled with flow injection 1-100 .80 4.3 (30 umol |~ )‘ (21}

Diamend thin film slectrode applied to flow injection 0.5-50 0.010 11 (178 umol 177} 2

analysis

{~) No report.
4 This proposed method.
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4. Conclusion

This is the first use of BDD thin film electrodes
for the electroanalysis of tiopronin. It was found that
BDD electrodes exhibited excellent performance for
the oxidative detection of tiopronmin. Well-defined
voltammograms were obtained at the BDD electrode,
which exhibited high sensitivity, and demonstrated
significant advantages over the GC electrode, because
of its superior electrochemical properties. In addition,
the use of the BDD electrode is a simple analytical
procedure, because no chemical medification is re-
quired. Cleaning of the electrode with time is also not
necessary due to the long-term stability of the BDD
electrode response. The outstanding capabilities of
the BDD electrode were demonstrated by coupling
with FIA. The results indicate that tiopronin can be
detected amperometrically without derivatization or
the use of a pulse waveform. The advantage of the
BDD electrode is that it 1s able to achieve a highly
stable and sensitive response with simple ampero-
metric detection. Application of the proposed method
for determination of tiopronin in commercially avail-
able tablet forms shows that this method is precise,
accurate, and very sensitive.
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ELECTROCHEMICAL OXIDATION OF TIOPRONIN AT DIAMOND FILM
ELECTRODES AND ITS DETERMINATION BY AMPEROMETRIC FLOW
INJECTION ANALYSIS

W. Siangproh, N. Wangfuengkanagul and O. Chailapakul*
Department of Chemistry, Faculty of Science, Chulalongkorn University, Patumwan,
Bangkok 10330, Thailand. e-mail: corawon@chula.ac.th

The electrooxidation of tiopronin at diamond film electrodes was investigated using cyclic
voltammetry (1,2). The comparison experiments were performed with glassy carbon
electrode. At diamond film electrode, it was found that tiopronin provided highly
reproducible and well-defined cyclic voltammogram at potenttal of +0.8 V. Conversely,
tiopronin gave ill-defined cyclic voltammogram at glassy carbon electrode. The linearity
at diamond film electrode was observed over the range of 0.05 -10 mM and detection hmit
of 50 uM (S/B = 3). In addition, the amperometric hydrodynamic voltammetry along with
flow injection analysis used diamond film electrode as a working electrode was studied.
The detection potential was chosen at +0.8 V which tiopronin exhibited the highest signal-
to-background ratios under the optimum condition. The flow injection analysis results
shown the significant Jow detection limit of 10 nM (S8/N=3) and a linear range of 0.5 - 50
uM. The method was applied to determination of tiopronin in a pharmaceutical

formulation and the results will be discussed.
Reterences

1. O. Chailapakul, P. Aksharannandana, T. Frelink, Y. Einaga, A. Fujishima, Sensors and Actuators B-
Chemical 80 (2001) 193,

2. T. Perez-Ruiz, C. Martinez-Lozano, R. G. Baeyens, A. Sanz, M. T. San-Miguel, J. Pharm. Biomed.
Anal 17 (1998) 823.
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Electroanalysis of Captopril, Tiopronin and Tetracycline Using the Boron-Doped

Diamond Thin-Films
0. Chailapakul

Department of Chemistry, Chulalongkorn University, Payathai, Bangkok 10330,
Thailand

Abstract

The electrochemical comparison between the boron-dope diamond electrode
(BDD) and the glassy carbon (GC) electrode was studied. Organic compounds with
different functional groups such as captopril, tiopronin and tetracycline were employed
by cvchic voltammetric technique.

The clectrooxidation of captopril and tiopronin at diamond film electrodes
was investigated using cyclic voltammetry. The comparison experiments were
pertormed with glassy carbon electrode. Captopril undergoes trreversible reaction at
both electrodes. However, the BDD electrode provided well-resolved cyclic
voltammogram and higher signal-to-background (S/B) ratio comparing to GC
electrode. At diamond film electrode, it was found that tiopronin provided highly
reproducible and well-defined cyclic voltammogram at potential of +0.8 V.
Conversely, tiopronin gave ill-defined cyclic voltammogram at glassy carbon
electrode. The Linearity of captopril was from 50 pM — 5 mM and detection limit
was 10 pM (S/B = 3). For tiopronin was observed over the range of 0.05 -10 mM
and detection limit of 50 puM (S8/B = 3). In addition, the amperometric
hydrodynamic voltammetry along with flow injection analysis used as deposited
diamond film electrode as a working electrode was studied. The method was applied

to determination of tiopronin and captopril in a commercial available tablet. The

results show very good precision and accuracy.
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ELECTROCHEMICAL ANALYSIS OF SULFUR-CONTAINING COMPOUNDS AT
BORON-DOPED DIAMOND ELECTRODE

Orawon CHAILAPAKUL*

Department ot Chemistry, Faculty of Science, Chulalongkorn University, Phayathai Road.
Bangkok, 10330, Thailand

Tel: +662-2-218-7615  Fax: +66-2-254-1309

*E-mail: corawonichula.ac.th
Abstract:

The use of boron-doped diamond electrode to detect several types of sulfur-containing
compounds. including thiol drugs and specific important sulfur-containing compounds, such as
homocysteine cvsteine, tiopronin, and captopril was reported. Using cyclic vostammetry, it was
tound that BDD electrode exhibited high sensitivity, and demonstrated significant advantages
over the GC electrode. because of its superior electrochemical properties. The oxidation of these
compounds at the BDD electrode exhibited well-defined irreversible cyclic voltammograms. The
concentration dependence has been studied and has indicated the promise of using BDD
electrodes for quantitative determination. It was also shown that there was no adsorption on the
surface of the BDD electrode for low concentrations. This advantage should be valuable for the
electroanalysis of sulfur-containing compounds without pretreatment of the electrode. In
addition. the amperometric detection applied to flow injection system or HPLC system with BDD
electrode as the working electrode was studied. The results showed the significant low detection
limit, wide linear range. and good reproducibility. The application of their methods also studied
in the real samples. such as pharmaceutical formulations. The results were satisfactory.
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§C-263P: THE ELECTROANALYSIS OF METHIMAZOLE AT BORON-DOPED
DIAMOND THIN FILM ELECTRODES APPLIED TO FLOW INJECTION SYSTEM
Weena Siangproh and Orawon Chailapakul

Department of Chemistry, Faculty of Science, Chulalongkom University, Patumwan,

Bangkok 10330, Thaialnd; e-mail: corawon@chula.ac.th

Abstract: In this research, electroanalysis of methimazole was studied in phosphate
buffer boron-doped diamond thin film (BBD) electrodes by several techniques such as
cyclic voltammetry, hydronamic voltammetry and flow injection with amperometric
detection. Cyclic voltammetry was used to study the reaction as a function of
concentration of analyte. The resulls were were compared with a glassy carbon (GC)
electrode at the same condition. Methimazole underwent irreversible reaction at both
electrodes. However, the BDD electrode provided highly reproducible, well-definde
cyclic voltammogram and higher signal to background (S/B) ratio comparing with GC
electrode. The detection limit of 26 LM was obtained from the BDD electrode using

cyclic voltammetry. The potential sweep rate dependence of methimazole oxidation

{peak currents for 1 mM methimazole linearly proportional to Vm, within the range of
0011003V s") indicated that the oxidation involved a diffusing species, with negiigible
adsorption on BDD surface at this concentration. In addition, methimazole has been
studied by hydrodynamic voltammetry and flow analysis injection with BDD electrode.
From the system, boron-doped diamond exhibited a highly reproducible amperometric
response, with a peak variation less than 2% at concentration of 1 fUIM (n=2). An

extremely low detection limit (10 nM) was obtained at 0.76 V vs. Ag/AgCl.
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