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Abstract

The electrochemiluminescent (ECL) response of allopurinol was studied in aqueous media over a wide pH range (pH 2—-13) using flow injectior
(FI) analysis. It was revealed that allopurinol itself had no ECL activity, but could greatly enhance the ECL of Ei(ioplkaline media giving
rise to a sensitive FI-ECL response. The effects of experimental conditions including the mode of applied voltage signal, the potential of working
electrode, pH value, the flow rate of carrier solution, and the concentration of Rg{bagyl allopurinol on the ECL intensity were investigated
in detail. The most sensitive FI-ECL response of allopurinol was found at pH 12.0, where the FIA-ECL intensity showed a linear relationship with
concentration of allopurinol in the ranged10-8mol L~! to 5x 10~" mol L%, and the detection limit was % 10-° mol L.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction been paid to the electrochemiluminescent (ECL) activity of
allopurinol and its analytical applications. As ECL has been
Allopurinol (mainly presents in the lactam forfd], see  proved to be a powerful analytical method with high sensitivity
Scheme 1) is a well-known inhibitor of xanthine oxidase (XO).and wide linear response rand8-22], herein, the ECL behav-
It has been widely used in the therapy of some diseases such ias of allopurinol itself and its ECL behavior in the presence of
hyperuricemia, gout, and nonbacterial prostafRis4]. Allop-  tris(2,2-bipyridine) ruthenium(ll) (Ru(bpy?*), were observed
urinol may also block the production of oxygen free radicalsby a flow injection electrochemiluminescent (FI-ECL) system.
caused by XO and act as a scavenger of the highly reactiv®n this basis, an ECL method for detection of allopurinol was
hydroxyl radicalg5,6], and is thus envisioned to become a novelevaluated.
therapeutic strategy for the treatment of human heart fei@jre
However, it has been found that the treatments with allopurinoh, Experimental
induced serious and sometimes fatal hypersensitivity among a
few individual patient§7,8]. 2.1. Chemicals and solutions
A sensitive method to determine allopurinol at low level is of
considerable interest for pharmacokinetic and clinical studies. Tris(2,2-bipyridine)ruthenium(ll) chloride hexahydrate
Since allopurinol has ultraviolet (UV) absorption activity and (Ru(bpy:Cl,-6H,0) was obtained from Aldrich. Allopurinol
can be electrochemically oxidized, it is commonly detected bywas purchase fronsigma. Other chemicals were analytical
either UV[9-14]or electrochemical method5-17], combin-  grade or better. Double-distilled water was used to prepare
ing with appropriate separation units, such as high-performancgample solutions.
liquid chromatography (HPLQP-12,16,17hnd capillary elec- A1 x 10-3mol L~ stock solution of Ru(bpgCl, was pre-
trophoresis (CE]J13-15]. To our knowledge, no attention has pared by dissolving 0.0749 g Ru(bp®l2-6H,0O with 100 ml
of double-distilled water and stored under refrigeration. A
mpondmg author. Tel.: +86 591 8373315: 1x ;0*2 mol L~ stock sqlution of allopurinol was prepareq by
fax: +86 591 83713866/87893315. ‘ adding 0.0136 g sample in 10 ml of water and also stored in the
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OH o] erence electrode and a counter electrode. Advantages of using
the Perspexwindow include: good optical transparence; high sta-

I N -— | N bility in the aqueous media, especially in the strongly alkaline
K / - K / solutions, where glass and quartz windows might be etched; and
N E N E easy fabrication and installation. The reference electrode was

Ag/AgCl, and the counter electrode was a stainless steel pipe

Lactim Lactam located at the solution outlet of the cell.

Scheme 1. 2.3. ECL measurement

Carrier solution was prepared by diluting appropriate volume  The FIA-ECL manifold is shown ifig. 1. The ECL measure-
of above Ru(bpyjCl2 stock solution with phosphate buffer solu- ment was carried out in two steps. Step 1: The sample solution
tion. Sample solution was prepared by diluting required volumegyas pumped into the sampling valve to fill the loop (10pfor
of the allopurinol stock solution with the carrier solution. The 15 5 by Pump I. Simultaneously, the carrier solution was pumped
phosphate buffer solutions (pH 2—13) were prepared by titratinghto the ECL detector by Pump I1. Step 2; Pump | was stopped,
0.1mol L~* phosphoric acid solutions with sodium hydroxide and the sampling valve was turned to injection position, the car-

to the required pH value. rier solution was pumped to the loop by Pump Il to take the
sample solution to ECL detector for measurement. The rates for
2.2. Apparatus both Pumps | and Il were set at same value ranging from 0.5 to

2.0mlImin L. It should be noted here that the working electrode
The electrochemiluminescent experiments were performedias well polished with fine aluminum powder and then cleaned
on a homemade system (deig. 1), consisting of a flow injec-  with water before use.
tion unit and an ECL detection unit. The flow injection unit was
a LZ-2000 flow injection processor, the details of which have3. Results and discussion
been described previougB3]. The ECL detection unitincluded
following sections: a GD-1 chemiluminescent detector (Ruike3.1. ECL response of allopurinol in the presence of
Electronic Instrument Ltd. Co., China), a potentiostat, a HWRu(bpy);**
chromatography station (Qianpu Ltd. Co., China) and an ECL
flow cell. The potentiostat was a Model 400 electrochemical The primary experiments showed that allopurinol itself did
detector (EG&G), which could perform dc, linear and differen-not have ECL activity in various pH conditions (pH 2-13) in
tial pulse sweeps. The HW chromatography station was usetthe absence of Ru(bp#', however, it could inhibit or enhance
for transferring the analogue ECL signals from the output of thehe ECL emission of Ru(bpy3* at the GCE. The inhibited or
GD-1 chemiluminescent detector into the digital ECL signalsenhanced portion of ECL intensity (Al) was obtained by sub-
recorded by a computer. The ECL flow cell consisted of a pieceracting the ECL background of Ru(bp§) (in the absence
of Teflon block, Teflon membrane and Perspex block tightlyof allopurinol) from the total ECL (in the presence of both
fixed together by the screws. The Teflon block was mountedku(bpyk?* and allopurinol). In the FIA-ECL measurements,
with a working electrode (a glassy carbon disk with the area ofvhen Ru(bpy3?* solution was used as the carrier solution, and
22.1mn¥). The Teflon membrane (30m in thickness) with a  allopurinol diluted with the Ru(bpy$* carrier solution was used
rectangle hole in the center was sandwiched between the Teflers the sample solution, the FI-ECL intensity obtained was actu-
block and the Perspex blocked to keep ca..2.6f thin layer  ally the relative intensityAl. It was apparent that, under this
solution. The Perspex block (1 cm in thickness) not only proFI-ECL format, the enhanced ECL had a positive FI-ECL peak
vided an optical window with c. a. 75% transmittance in thewhereas the inhibited ECL had a negative FI-ECL peak.
wavelength range of 400—-800 nm, but also accommodated a ref-
3.1.1. Effect of applied potential
A constant potential (dc) and a double step pulse voltage scan-
ning were used to examine the ECL response of allopurinolin the
presence of Ru(bpy3*. The results showed that allopurinol had
more sensitive ECL response under the constant potential mode
than the double step pulse voltage scanning. Thus, the constant
potential mode was selected for further ECL investigation.
The ECL response of allopurinol was strongly dependent on
applied potential at GCE working electrode. As showRiin 2,
there was no FIA-ECL peak of allopurinol at <+1300 mV (see
Fig. 2a), however, the ECL response was observed when the
potential reached +1300 mV (sE&y. 2b), and increased appar-
ently with the increasing of potential over the range of +1300 mV
Fig. 1. Block diagram of the components needed for the FIA-ECL detection. t0 +1500mV (seeFig. 2b—d). Finally, the ECL peak height
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tended to become constant after reaching +1500 mV. Further
increasing the potential of the GCE working electrode did not
result in higher ECL peak height but led to bigger background
(seeFig. 2e and f). This might be due to the formation and
aggregation of oxygen bubbles on the GCE electrode surface at
>+1500 mV, causing the obvious ECL noise. It can be known
from Fig. 2, the highest ratio of signal-to-noise is obtained at
+1500 mV.

3.1.2. Effect of pH
The ECL response of allopurinol was investigated over awide

pH range (pH 2.0-13.0). In the most pH range (pH 2.0-11.0),

allopurinol inhibited the ECL emission of Ru(bpy), giving

rise to the negative FI-ECL peaks (s€&. 3A). However,

when the pH value of the testing solution was higher than pH

11.0, allopurinol exhibited to enhance the ECL of Ru(kpy)

resulting in the observation of the positive FI-ECL peaks (see
Fig. 2. The effect of the applied potential on the ECL response of allop-Fig. 3B—F). The plot of ECL intensity (Al) versus pH showed
“”3"][: 1(";‘)0 012(1? ng, ('f)_ifgtl)gy’ (CI)L{‘I‘O‘I’I mv, ,(d)l ﬁog q\éﬁe) %i?? MV that the ECL response of allopurinol was increased with the
;r::(tfrzy)s” (;;nH .].Z;n(:gr?i.er Solutio::‘i_& 103_40213{'891 le(bxpy)f* gg 12  increasing of pH. Although, more sensitive ECL response of
flow rate 1 ml mirrL. allopurinol could be obtained by increasing the pH value (also

seeFig. 3B—F), the background from ECL of Ru(bg§j was

Fig. 3. The ECL response of allopurinol at various pH: (A) pH 11.0, (B) pH 11.25, (C) pH 11.50, (D) pH 11.75, (E) pH 12.0, and (F) pH 13.0. Sam-
ple: 1.0x 10~*mol L~ allopurinol + 1.0x 10~* mol L~ Ru(bpy}?*; carrier solution: 1.6« 10~*mol L~1 Ru(bpy}?*; flow rate: 1 mimimr!; applied potential:
+1500 mV.
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increased obviously in the strongly alkaline range (pH>12)Table 1
For example, the enhance ECL intensity, at pH 13.0 (see Optimum conditions for FI-ECL response of allopurinol

Fig. 3F) was about twice of that at pH 12.0 (s€y. 3E),  Experimental items Optimum conditions
but the EQL b_ackground (baseline) at pl—! 1_3.Q was found 1Q10de of applied voltage signal dc mode

be about five times of that at pH 12.0. This indicated that theypplied potential +1500 MV

ratio of signal-to-noise was decreased at >pH 12.0. The ECbuffer pH 12.0 PBS
background is the ECL of Ru(bpsd", which probably results ~Flow rate 1.0mimirrt

from the chemiluminescent reaction of Ru(bg¥)with the high ~ Concentration of Ru(bpy}* 1.0x 10 *molL™*

energy intermediate, HO [24], electrogenerated in the alkaline
solution. The most satisfied ratio of signal-to-noise was found , .
at pH 12.0. Accordingly, pH 12.0 PBS was chosen for further-1-4. Effect of Ru(bpy)3* concentration

ECL measurements. The experimental results showed that the ECL response of
allopurinol was enlarged when the concentration of Ru(fy)
3.1.3. Effect of flow rate was increased. At the meantime, the ECL background from

The ECL response of allopurinol was affected by flow Ru(bpyy®* was also enhanced. The ratio of signal-to-noise
rate. The ECL responses at some flow rates (0.5, 1.0 andas found to be significantly increased with the increas-
2.0mImirY) are shown irFig. 4. It was found that a higher ing of Ru(bpy}** concentration in the concentration range
flow rate produced narrower FI-ECL peaks (compgig 4A  Of 5.0x 107° to 1.0x 10-*molL~!, whereas be improved
with Fig. 4C). This can be explained by that a shorter time isslightly in the Ru(bpy3** concentration range of 1:010~*
consumed for a certain volume (100 sample to go through the t0 1.0x 10-3molL~1. To obtain a relatively higher ratio of
ECL cell at a higher flow rate, thus resulting in the observatiorsignal-to-noise while reducing the consumption of Ru(ef#)
of the narrower peaks. When the flow rate was changed from 0.50x 10~ mol L= Ru(bpy)®* concentration was selected for
to 2.0mlmirr%, the ECL peak height was decreased graduallythe later ECL measurements.

At the same time, the ECL background was also affected by the In summary, the optimum conditions for the ECL measure-
flow rate. First, the ECL background decreased obviously in th&nent of allopurinol are shown ifiable 1.

low flow rate range (0.5—1.0 ml mit), but tended to reach a

constant level when the flow rate was higher than 1.0 mtthin =~ 3.1.5. Effect of allopurinol concentration and linear

Therelatively lower ECL background at higher flow rate resultedresponse range

from the fact that the peristaltic pump produced arelatively lower Under the optimum conditions listed ifable 1, the effect
flow pulse at higher flow rate. The optimum ratio of signal-to- of allopurinol concentration on its ECL response was mea-
noise was obtained at the flow rate of 1.0 mlmin sured. It was observed that the enhanced ECL intensity (Al)

Fig. 4. The ECL response of allopurinol at various flow rate: (A) 0.5 mlhi(B) 1.0 mImirrt, and (C) 2.0 mimin?. Sample: 1.0« 10~*mol L~ allopuri-
nol +1.0x 10~*mol L~ Ru(bpy}2* (pH 12); carrier solution: 1.& 10~* mol L~ Ru(bpy}2* (pH 12); applied potential: +1500 mV.
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was increasedinearly with the increasing of allopurinol con-
centration in thelower concentration range of 1.0« 10-8 to
5.0x 10~"molL~1, but the increase of ECL intensity was
slowed downed when the concentration of allopurinol was
higher than 5.0< 10~ molL~1. The linear response of ECL
intensity with the concentration of allopurinol in the range of
1.0x 108 to 5.0x 10~ mol L~1 can be used for quantitative
analysis of allopurinol. The regression equation is shown in Eq.
(1) with a correlation coefficient;=0.998 (= 6).

AI(MV) = —1.11+ 19.91C(x 10" mol L™ @)

whereA/l is the enhanced ECL intensity,the concentration of
allopurinol. The detection limit of allopurinol was found to be
5.0x 10~2 mol L~ when the signal-to-noise was 3.

3.2. Possible mechanism for the enhanced ECL behavior of

allopurinol Fig. 5. Cyclic voltammograms obtained for: (a) kA0 3molL~! allop-

urinol; (b) 1.0x 10-3molL~! Ru(bpy}?*; (c) 1.0x 10-3molL~* allopuri-

It is quite well known that many aliphatic amines nol+1.0x 10-3molL~! Ru(bpy}2* at GCE. PBS: pH 12.0; potential scan
[18,20,25-27and alcohol§28—30]have well ECL responsesin rate: 200mv s,
the presence of Ru(bpy?*. These ECL responses result from
that the electrochemical oxidation of amines or alcohols proECL response was also observed for some non-aliphatic amines,
duces strong reducing intermediates, usually, neutral radicauch as melatonin and its derivatij8g].
species, which react with Ru(bpy) to generate excited state In present study, allopurinol includes several amine moieties
Ru(bpyx?** and lead to light emissiof28—31]. This kind of and one possible hydroxyl moiety (for the tautomeric equilib-

0 (o)

o
+ -
HN -H N 'e N= \
k | \/N Q \/N ’ K | AR
N N N N N
H H

N

I ! 1\

(o)

-e HN A\
Ru(bpy) 2 Ru(bpy) 5> K | oW
N
N I
H
(o]
* HN \
Ru(bpy) 2+ \Q\ | N/N Y
N [
l H

+OH"
hv
0

HN | N\
N vy

A /

H N N

H

Scheme 2.



Y. Chi et al. / Talanta 68 (2006) 1544—1549 1549

rium in Scheme 1), each of which is possible to take part inScience Foundation of State Education Department of China

the ECL reaction. To reveal the enhanced ECL mechanism i{20040386002).

present allopurinol/Ru(bpyj* system, the cyclic voltammetric
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