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Abstract

The present manuscript deals with a simple and sensitive flow-injection method for the chemiluminescent determination of thiazides.
The method is based on the on-line photodegradation and chemiluminescent determination of the resulting photo-fragments. The on-line
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hotodegradation is performed in basic medium by using a photoreactor consisting of a 550 cm long×0.8 mm ID piece of PTFE tubing helica
oiled around an 8 W low-pressure mercury lamp. The determination of the photo-irradiated thiazides is performed by a chemilu
xidative reaction with Ce(IV) in sulphuric acid medium. A heterogeneous group of thiazides (indapamide, metolazone, hydroflum
hlorthalidone and bendroflumethiazide) has been studied. Hydrochlorothiazide was selected as a test substance. The “on-line” ph
eaction approach allows the sensitive chemiluminescent determination of thiazides which do not present native chemilumin
he absence of sensitizers such as Rhodamine 6G. Linear calibration graphs were typically over the range 0.5–12�g ml−1 (indapamide
etolazone, hydroflumethiazide and chlorthalidone); and over the range 0.5–5�g ml−1 (hydrochlorothiazide). Limits of detection rang
etween 0.005�g ml−1 (hydrochlorothiazide) and 0.06�g ml−1 (bendroflumethiazide). The relative standard deviation for the test sub
as 2.0% for 2�g l−1 of the drug (n = 11) and the throughput was 65 h−1 in all cases. The assessment of the photodegradation s

he molecular structure of thiazides was established by recording UV and fluorimetric spectra. The viability of the on-line phot
uorescent determination of hydroflumethiazide and bendroflumethiazide was confirmed. The method was also applied to the de
f hydrochlorothiazide in commercially available formulation.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Thiazides are the most widely used group of diuretics
nd are effective in milder forms of high blood pressure and
eart failure. Although they lower blood pressure initially
y increasing salt loss through the kidneys, they also have a
elaxing effect on artery walls. This is probably the main way
n which they work. Occasionally they may cause attacks
f gout and raise the level of glucose in the blood, which
ould lead to diabetes in susceptible people. A wide range

∗ Corresponding author. Tel.: +34 96 354 40 62; fax: +34 96 354 40 62.
E-mail address:jose.martinez@uv.es (J. Martı́nez Calatayud).

of thiazides is used with only minor differences among th
(seeFig. 1).

Hydrochlorothiazide (HCT) is a member of the thiazi
family which has been extensively used since 1957 as a
erful diuretic and as antihypertensive agent. Some qua
tive determination methods of hydrochlorothiazide have b
developed by using different techniques. The British Pha
copoeia[1] proposes the determination of HCT tablets by
direct measurement of the absorbance in the UV region
the solution of the drug in NaOH medium. The USP[2] also
recommends this method for the reserpine and HCT ta
but when the last drug is mixed with others substances
chromatographic separation is recommended. Others

731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structures of thiazides.

macopoeias[1,3] recommended a non-aqueous titration with
potentiometric end-point.

Most of the methods developed in the analytical litera-
ture are spectrophotometric; ethanolic solutions of chloroth-
iazide, hydrochlorothiazide and thrichloromethiazide have
been analysed by first derivative UV-spectrometry and HPLC
in the presence of their photo-decomposition products[4].
Thiazides have been determined in urine using electroanalyt-
ical techniques[5], liquid chromatography with fluorimetric
[6] and mass spectrometry[7] detection. The tandem gas
chromatography–mass spectrometry has been also applied to
the determination of thiazide diuretics in human urine[8].

Fluorimetric[9,10]and electrochemical detection[11,12]
has been also applied. However, as HCT often is combined
with other drugs, methods of separation (chromatography
[13,14]and electrophoresis[15,16]) have been suggested for
its determination, just as multicomponent analysis based on
derivative or multiwavelength spectrophotometry[17–19].
Methods devoted to obtain the dissolution profiles of hy-
drochlorothiazide[20] or the simultaneous dissolution pro-
files of this drug and captopril[21], have been also presented.

Analytical procedures involving chemiluminescence (CL)
measurements have been proposed. In the first[22], a CL
reaction occurs between thiazide compounds and tris-(2,2′-
bipyridine)ruthenium(III). However, a complicated instru-

mental set-up is necessary for the electro-generation of CL,
and the system shows important interferences from organic
amines. A second CL system developed by Ouyang et al.
[23–26], was based on the reaction of HCT with Ce(IV) in
sulphuric acid, sensitized by Rhodamine 6G.

On the other hand, it has been established that the
irradiation of photoreactive analytes leads to the formation
of species that can be detected by CL[27–29]. Bibliographic
information dealing on irradiation of thiazides[8,30–32]
is scarce and most of it is dealing on the photo-stability
or UV–vis determination of these drugs rather than on the
photo-fragments.

The purpose of the present investigation was to develop a
sensitive, rapid and a simpler assay for determination of thi-
azides using a FI system coupled to photochemically induced
CL. The method uses the photochemical decomposition of the
drugs, and the product generated is determined by CL, with
the aid (for the first time) of Ce(IV) in acid medium.

2. Experimental

2.1. Reagents

All solutions were prepared from analytical-grade
reagents in deionized water (18 M� cm) from a
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Sybron/Barnstead Nanopure II water purification sys-
tem provided with a fiber filter of 0.2�m pore-size.
Thiazides (Guinama), Ce(NH4)2(NO3)6 (Probus), NaOH
and H2SO4 (both from J.T. Baker) were used. Other
reagents were K3Fe(CN)6, KMnO4, H3PO4, HNO3, NaCl,
acetone, Triton X-100, 1,10-phenanthroline-1-hydrate,
formic acid, acetylsalicylic acid, lactose 1-hydrate and
NH4Cl, Na2B4O7·10H2O (all from Panreac); Na2EDTA,
NH3 and sodium acetate (all from Probus); KIO4 and
AgNO3 (from Prolabo); K2S2O8, hydrogen peroxide 30%,
acetonitrile, starch soluble and acetic acid (Merck); HCl and
KH2PO4 (both from J.T. Baker); sodium dodecyl sulphate
and hexadecylpyridinium chloride (Fluka); glycine (Schar-
lau); formamide (Roche); quinine sulphate, magnesium
stearate, talc, calcium pantothenate, sucrose, wheat starch,
captopril and ethanol (all from Guinama); Rhodamine B and
Rhodamine 6G (Sigma).

2.2. Flow-injection procedure

The FIA system used is depicted inFig. 2. Connections
between the different parts of the flow assembly were ef-
fected with a PTFE coil of 0.8 mm ID. A Gilson (Worthing-
ton, OH, USA) Minipuls 2 peristaltic pump, provided with
tygon pump tubes from Omnifit, was used for carrier deliv-
e ctor
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5 8 W
l The
a t
1
p tream
( o-
d so-
l
C t

F m
f d
m ; B:
p ste.
F e: (a)
c degra-
d uence
t

1.5 ml min−1, and the mixture was led to the detector flow
cell. The flow cell was a flat-spiral quartz tube of 1 mm ID
and 3 cm total diameter backed by a mirror for maximum light
collection. The photodetector package was a P30CWAD5F-
29 Type 9125 photomultiplier tube (PMT) supplied by Elec-
tron Tubes operating at 1280 V and located in a laboratory-
made light-tight box. The output was fed to a computer
equipped with a counter-timer, also supplied by Electron
Tubes.

2.3. Preparation of sample

Adelfán-Esidex(Novartis Farmac´eutica, S.A., Barcelona,
Spain). Ten tablets were weighed and crushed. After a proper
homogenization, an amount (higher than 0.11 g) was pow-
ered, shakened in 100 ml of 0.05 mol l−1 NaOH and filtered
through a glass mesh of three pore numbers. After filtering the
resulting solution was made up to 250 ml with 0.05 mol l−1

NaOH. Then this solution was used to obtain a final concen-
tration in the range of application of the method. The process
was achieved in triplicate.

3. Results and discussion
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ring and flow regulation. A laboratory-made photo-rea
ncluded PTFE tubing (0.5 mm ID with variable lengt
50 cm in the proposed system) tightly coiled around an

ow-pressure mercury lamp (Zalux) for germicidal use.
nalyte was prepared in 0.05 mol l−1 NaOH, and flowed a
.7 ml min−1 through the photo-reactor. The 421�l of the
hotodegradated sample was injected into the carrier s
water at 6 ml min−1) using a rotatory injection valve (Rhe
yne, Model 5041, Cotati, CA, USA). Then the inserted

ution merged with an oxidant solution (5× 10−3 mol l−1

e(NH4)2(NO3)6 in 0.1 mol l−1 sulphuric acid) flowing a

ig. 2. Optimized flow assembly.Q1: sample solution in the suitable mediu
or photodegradation;Q2: carrier solution (water);Q3: oxidant solution an
edium of oxidation;V: volume of photodegradated injected sample
eristaltic pump; PR: photoreactor; PMT: photomultiplier tube; W: wa
or preliminary assays, the manifold was modified adding a confluenc
hannel 1 was replaced for one confluence to mix sample and photo
ation medium before the lamp; (b) channel 3 was replaced by a confl

o mix oxidant and medium for the chemiluminescent reaction.
.1. Preliminary assays

Preliminary tests were performed with a FI manif
Fig. 2modified with a confluence to replace channel 1
he study was performed employing as oxidant KMn4

n H2SO4 (Q3), and nine different media for the ph
odegradation (Q′

1), namely: 10−3 mol l−1 H2SO4, H2O,
AcO/NaAcO buffer at pH 4.6, KH2PO4/K2HPO4 buffer
t pH 7.1, glycine buffer at pH 8.6, borax buffer at pH
nd NH4

+/NH3 buffer at pH 10.0 (all buffers with conce
ration 0.02 mol l−1), 10−3 and 0.5 mol l−1 NaOH. The hy
rochlorothiazide (5× 10−4 mol l−1) was prepared in wat
nd run byQ1 at the same flow rate asQ′

1 (0.8 ml min−1). The
arrier was water and the photoreactor consisting of 69
0.5 mm PTFE tubing helically coiled around an 8 W lo

ressure mercury lamp.
The signal obtained with 0.5 mol l−1 NaOH as medium fo

he photodegradation was 10 times higher than that obt
ith the rest of media, and not peaks were obtained w

he lamp was OFF. Strong basic media was necessary f
hotodegradation of hydrochlorothiazide (seeFig. 3).

Fig. 3. Influence of pH on the photodegradation.
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3.2. Optimization of the flow-injection manifold

The FI manifold (Fig. 2) was optimized by using the uni-
variate method. Chemical parameters affecting photochemi-
cal and chemiluminescent indicator reaction were optimized
before the FI variables, and the most significant variables
were re-optimized after establishing the FI conditions.

3.3. Chemiluminescent reaction

The first step was to establish the best oxidant sys-
tem for the direct determination of the photodegradated
hydrochlorothiazide. The following oxidant systems were
tested: KMnO4, Ce(IV), KIO4, K2S2O8 (with Ag(I) 2 ×
10−5 mol l−1) all of them in H2SO4, K3Fe(CN)6 and H2O2
both in NaOH. The FI assembly depicted inFig. 2 was
employed, with a confluence to mix the oxidant (2×
10−3 mol l−1) and the medium for the oxidation (3 mol l−1

H2SO4 or NaOH). The hydrodynamic conditions were as fol-
lows: Q1, 0.7 ml min−1 sample solution (5× 10−4 mol l−1

sample);Q′
1, 0.7 ml min−1 medium for photodegradation

(0.5 mol l−1 NaOH);Q2, 6.0 ml min−1 carrier solution (wa-
ter);Q3, 0.7 ml min−1 oxidant;Q′

3, 0.7 ml min−1 medium for
the oxidant;V, 330�l; and photoreactor, 550 cm× 0.5 mm
PTFE tubing helically coiled around 8 W low-pressure mer-
c
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3.4. Study of the photodegradation reaction

It has been established that the chloride substituent in HCT
is replaced by H, OH or OCH3 in aqueous or methanolic so-
lutions on photolysis[33,34], as well as the hydrolysis of the
thiamine ring. On the other hand, the alkaline hydrolysis of
hydrochlorothiazide occurs resulting in am-disulphonamide
and formaldehyde[35]. Other authors[30–32] established
the photo-decomposition appears to proceed according to
the first-order kinetics and the main products resulting from
irradiation are formed after dechlorination of the parent
molecules (hydrochlorothiazide and trichloromethiazide),
while the aromatic SO2NH2 (chlorothiazide) group is re-
placed by a hydrogen atom.

The effect of three buffers (glycine, phosphate and bo-
rax buffer) at different pH (9.5–12.5) and of some concen-
trations of NaOH was tested. None of the buffers provided
signals comparables to those obtained when NaOH solu-
tions. After a re-optimization between 0.2 and 0.6 mol l−1,
NaOH 0.5 mol l−1 was fixed as medium of photodegra-
dation.

The kinetic of the photodegradation was studied by vary-
ing simultaneously the flow rate of sample and medium of
photodegradation (Q1 andQ′

1). The curve signal versus time
of irradiation were characterised by a continuous increase in
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As shown inTable 1, the best results were found w

MnO4 and Ce(IV) as oxidants. Oxidant concentration
ritical variable in direct chemiluminescence, so befor
hose an oxidant system, different concentrations of
MnO4 and Ce(IV), were tested. The studied intervals c
red from 2× 10−4 to 2 × 10−3 mol l−1 for KMnO4, and

rom 10−3 to 2 × 10−2 mol l−1 for Ce(IV). The maximum
eight of the peak obtained with the first system (7×
0−4 mol l−1 KMnO4) was half of the signal supplied with
10−2 mol l−1 for Ce(IV), so this last oxidant was selec

or further work.
The best medium for the oxidant reaction was also ex

ned, including H2SO4, HCl, HClO4, H3PO4 and HNO3, all
t a 3 mol l−1 concentration. The highest outputs were g

or sulphuric acid, which concentration was then optim
ver the range 0.1–4.0 mol l−1. A plateau was observed b
ween 1.0 and 2.0 mol l−1 of H2SO4, and a concentration
.5 was pre-selected.

able 1
xidants tested for the chemiluminescent emission of the photodegr
ydrochlorothiazide

xidant ON OFF

Counts RSD (%) Counts RSD (%

MnO4 95378.0 8.8 – –
e(NH4)2(NO3)6 210894.3 3.3 – –
IO4 702.4 14.5 26.5 4.7

2S2O8/Ag(I) 1362.2 6.3 10.3 15.1

2O2 33.5 7.5 – –

3Fe(CN)6 776.2 2.7 – –
he chemiluminescence, up to 104 s where a plateau wa
ained up to 138 s of irradiation; and after it a diminution
he signal was observed. The 104 s was selected in or
ave higher throughput (Q1 = Q′

1 = 0.8 ml min−1).
The influence of different potential photolysis and che

uminescence sensitizers was studied. Selected comp
nd results are summarised inTable 2. By Q1 flowed the
ample in the 0.5 mol l−1 NaOH medium and byQ′

1 the pho-
osensitizer. Only formic acid and Rhodamine 6G see
o provide a significant increase. The growth with quin
as small and the blank output was very high. For other
tances an inhibition of the signal was observed.

able 2
nfluence of surfactants and sensitizers on the emission intensity

ensitizera Signal
(blank)

Blank Increaseb

(%)

cetonitrile, 20% 43075.0 40 −83.5
uinine, 5× 10−4 mol l−1 301954.3 15425 15.9
cetone, 0.5% 19130.7 562 −92.7
imethylformamide, 5% 25198.5 0 −90.3
thanol, 5% 32798.7 0 −87.4
ormic acid, 1% 438872.5 42 68.5
exadecylpyridinium, 0.09% 22381.8 2393 −91.4
riton X-100, 0.03% 42565.8 112 −83.7
DS, 0.55% 143897.2 115 −44.8
cetone, 0.5% + acetonitrile, 20% 24600.0 2226 −90.6
hodamine 6G, 5× 10−4 mol l−1 682636.8 12908 162.0
hodamine B, 5× 10−4 mol l−1 66916.8 37183 −74.3
a All the % are v/v, except the surfactants (SDS, Triton X-100 and

decylpyridinium) in w/v.
b Increase over the reference signal obtained without sensitiz

urfactant.
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A new study with several concentrations of formic acid
and Rhodamine 6G was performed over the range 0.5–2.0%
and 10−4 to 7.5 × 10−4 mol l−1, respectively. Best results
(increase of 100% respect the signal without photosensi-
tizer) were obtained for (2.5× 10−4 mol l−1) Rhodamine
6G. However, the blank obtained was very high. A new
configuration was studied to avoid the blank signal, and
also to obtain information about the influence of Rhodamine
6G on the photodegradation and the chemiluminescent re-
action. The Ce(IV) was prepared in sulphuric acid and in-
serted into the system throughQ3. The Rhodamine flowed
throughQ′

3 at the reported concentrations. High base line
was obtained, which can result in negative peaks. Beside
inhibition of the signals were obtained in all the concen-
trations. Due to the high blanks and in order to have a
simple and clean system, the use of Rhodamine 6G was
discarded.

The FI system was simplified by removing both conflu-
ences, namely sample and medium of photodegradation, and
oxidant and medium of oxidation ((a) and (b) inFig. 2) were
prepared off-line. The final system is like the one depicted in
Fig. 2:Q1, 1.5 ml min−1 (sample in 0.25 mol l−1 NaOH);Q2,
6.0 ml min−1 (water); andQ3, 1.5 ml min−1 (10−2 mol l−1

Ce(IV) in 0.75 mol l−1 H2SO4).
The temperature can have a double influence on the sys-
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(medium for photodegradation) and the time of photodegra-
dation was carried out. Higher signals were obtained for sam-
ple in 0.05 mol l−1 NaOH and irradiate during 97 s with the
UV light.

3.5. FI variables

Two hydrodynamic conditions of the flow system affect-
ing the chemiluminescent reaction, injected volume and flow
rate, were studied.

The signal increased with the injected volume (over the
range 260–444�l) and 421�l was chosen, to obtain the best
compromise between the height and the base-width of the
peak.

To establish the kinetic of the chemiluminescent reaction
is very important to guarantee that the maximum emission oc-
curs inside the flow cell. Keeping constant the relation flow-
carrier/flow-oxidant (Q1/Q2), the global flow (Q1 + Q2) was
varied from 2.5 to 10 ml min−1. However, the signal increased
in the whole interval was less pronounced from 5 ml min−1.
The 7.5 ml min−1 was selected to avoid overpressure prob-
lems and to minimise the consumption of reagents.

4. Photodegradation and
fl
t

olec-
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a ere
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t
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T the
p tion
b e and
c

n be
d ho-
t zide
em. It can influence the photodegradation step in diffe
ays: either accelerating the kinetic process or determ

he final products of the photolysis, which in turns can
uence the chemiluminescent response. A continuous o
ecrease was observed when the sample solution was h
y immersing it into a water bath over the range 20–85◦C. On

he other hand, the temperature can also influence the c
uminescent reaction. In general the increase of temper
amages the luminescent response due to the deacti
y not emissive mechanisms. However, a positive influ
an be noticed when it affects to the kinetic of the oxida
eaction. The study of the chemiluminescent reaction
erformed by heating carrier and oxidant solutions in a w
ath over the interval 20–85◦C. Very small increases (u
er 16%) were obtained. Due to that, room temperature
elected.

Once established the chemical conditions for the
odegradation, a re-optimization of the NaOH concentra

able 3
nfluence of photodegradation on the fluorimetric behaviour of thiazid

hiazide Lamp OFF

λex λem I

ydrochlorothiazide – –
ydroflumethiazide – –

hlorthalidone – –
endroflumethiazide – –

ndapamide – –
etolazone 274/344 444
a Intensity at 700 V; rest at 900 V. Slitex and slitem = 5 nm.
d

azide] = 50�g ml−1 in 0.05 mol l−1 NaOH

Lamp ON

λex λem I

266/356 455 437/61
295 435 1400a

394 445 1710a

300 420 524
240/379 445 400a/335a

266 363 500
87a 250–350/379 492 486/933

uorimetric/chemiluminometric detection of
hiazides

The assessment of the photodegradation step on the m
lar structure of thiazides was established by recording
nd fluorimetric spectra. UV and fluorimetric spectra w
btained by passing through the photoreactor and unde

imal conditions of irradiation time a 50�g ml−1 solution
f thiazide in 0.05 mol l−1 NaOH. Spectra were recorded

he emerging solutions. UV and fluorimetric spectra were
ained with the lamp ON and OFF (seeFig. 4 andTable 3).
he experiment allowed checking both the viability of
roposed method for this group of drugs and the rela
etween photodegradation, photoinduced fluorescenc
hemiluminescent behaviour after UV-irradiation.

According to the fluorimetric response, thiazides ca
ivided into three groups: (a) The viability of the on-line p

oinduced fluorescent determination of hydroflumethia
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Fig. 4. UV–vis spectra of thiazides with lamp ON and OFF (50�g ml−1 for all thiazides in 0.05 M NaOH).

and bendroflumethiazide was confirmed. These thiazides ex-
hibit a very weak fluorescence with lamp OFF, but they turn
into strongly fluorescent compounds after UV-irradiation.
(b) Indapamide, chlorthalidone and hydrochlorothiazide
presents null native fluorescence. UV-irradiation causes the
photoinduced fluorescence of these thiazides. (c) Metola-
zone presents a strongly fluorescent behaviour with lamp
OFF (λex = 274 nm and 344 nm;λem = 444 nm), and a sig-
nificant decrease of the fluorescent intensity and changes
of the excitation and emission wavelength with lamp
ON.

There is not a clear relation between changes in the UV
spectra after UV-irradiation, photo-induced fluorimetric and
chemiluminometric response for the tested thiazides. All
drugs presented dramatic changes of UV and/or fluorimetric

Table 4
Influence of photodegradation on the chemiluminometric response of thiazides

Thiazide Linear range (�g ml−1) Limit of detection (�g ml−1) Equation

Hydrochlorothiazide 0.2–5.0 0.005 I = (450 000± 30 000)C− (200 000± 80 000);r2 = 0.994
Hydroflumethiazide 0.5–12.0 0.025 I = 2242.2C− 1237.1;r2 = 0.997
Chlorthalidone 0.5–12.0 0.020 I = 2294.1C− 82.4;r2 = 0.998
Bendroflumethiazide 0.5–20.0 0.060 I = 683.7C− 127.3;r2 = 0.998
Indapamide 0.5–14.0 0.020 I = 1054.1C + 1135.9;r2 = 0.992
Metolazone 0.5–12.0 0.010 I = 9308.1C− 2102.6;r2 = 0.998

spectra. Hydrochlorothiazide, hydroflumethiazide and ben-
droflumethiazide presenting similar ring’s structure and UV-
OFF/ON spectra are rather different attending the fluorimet-
ric and chemiluminometric response. Hydrochlorothiazide
and bendroflumethiazide differ in the Cl/CF3 group bonded
to the aromatic ring. Nevertheless, bendroflumethiazide turns
into a strongly fluorimetric thiazide and the weakest chemi-
luminescent drug after UV-irradiation (see calibration slopes
in Table 4).

5. Analytical applications

The calibration graph was linear over the range
0.2–5�g ml−1 and fitted the equationI = (450 000 ±



M. Ciborowski et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 693–700 699

30 000)C − (200 000± 80 000) with a correlation coeffi-
cient of 0.997, whereI is the chemiluminescent emission
andC the concentration of hydrochlorothiazide in�g ml−1.
The limit of detection (0.005�g ml−1) was defined as three
times the background average and was established by de-
creasing the concentration of injected chloramphenicol until
this relationship was reached. The inter-day reproducibility of
the proposed method was estimated by running calibrations
with solutions of the reagents freshly prepared each day. The
RSD of the slopes of four different calibration graphs was
6.7% for hydrochlorothiazide. The RSD for a series of 11
injections of a 2�g ml−1 solution of chloramphenicol was
2.0%. The throughput, calculated using the same series, was
65 samples h−1.

Indapamide, metolazone, hydroflumethiazide, chlorthali-
done and bendroflumethiazide were tested under the optimal
conditions obtained for hydrochlorothiazide (seeTable 4).
The limits of detection were at least two-fold higher
(10 ng ml−1 for metolazone) than that obtained for hy-
drochlorothiazide. The sensitivity in terms of the slope of
the calibration graph was not comparable; it ranged (slope
HCT/slope thiazide) from 48 (metolazone) to 658 (ben-
droflumethiazide). Linear ranges compare favourable with
hydrochlorothiazide due to the lost in sensitivity. None
chemiluminometric response was obtained (lamp OFF) for
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Table 5
Influence of foreign substances (for 3.2 mg l−1 of hydrochlorothiazide)

Interferent Concentration (mg l−1) Error (%)

Lactose 25 −4.8
Magnesium stearate 8 −4.7
Talc 40 −4.5
Calcium phosphate 100 −1.8
Starch soluble 100 −3.4
Wheat starch 10.8 −5.6
Reserpine 2.6 −3.0
Na2-EDTA 50 −0.4
Sucrose 15 −4.8
Mannitol 6 −2.6
Captopril 0.9 −1.6

determination of hydrochlorothiazide in the presence of
captopril.

To investigate the applicability of the proposed method
to real samples, hydrochlorothiazide was determined in a
pharmaceutical preparation (Adelfan-Esidrex). Good concor-
dance was found with figures provided from the manufac-
turer; calculated error versus label claim was 3.0%.

6. Conclusions

The proposed method for the determination of hy-
drochlorothiazide combines the advantages of photochem-
ical reaction (such as cleanliness, reproducibility and easy
manipulation) and the chemiluminescent detection (such as
sensitivity, low limit of detection and selectivity).

The photodegradation step allows the determination of hy-
drochlorothiazide employing the chemiluminescent reaction
with Ce(IV) in acid medium by avoiding the use of sensitizers
(Rhodamine 6G) as required in former works[23,25]. More-
over, the proposed method presents lower detection limits
than previously reported methods concerning chemilumino-
metric determination of hydrochlorothiazide (e.g. 59�g l−1

[23] and 44�g l−1 [25]).
From author’s knowledge, no previous works have been

r thi-
a ume-
t

n–
c con-
fi

R

don,

y 18,
, L-

del
solution containing 50�g ml metolazone, hydroflum
hiazide or bendroflumethiazide. In the case of indapa
nd chlorthalidone, 50�g ml−1 of thiazide provided an an
lytical signal (lamp OFF) 3.3- and 2.9-fold lower than t
btained (lamp ON) for a solution 0.5�g ml−1 of these thi
zides.

The robustness of the system concerning flowing
hemical variables was studied. The effect of a varia
f the relation flow-carrier/flow-oxidant (Q1/Q2), equivalen

o change the concentration of oxidant, was studied.
revious flow rates, 6 ml min−1 for the carrier solution an
.5 ml min−1 for the oxidant solution, were kept, and
hemical conditions were re-optimized.

A plateau was obtained when the concentration of Ce
as varied over the range 0.0025–0.0075 mol l−1, followed
y a signal decrease when an excess of oxidant was pr

0.005 mol l−1 concentration of Ce(IV) was selected
ptimum. The concentration of sulphuric acid was also
ptimized (studied interval: 0.05–1.25 mol l−1). A slight acid
edium was necessary to obtain the oxidation and CL e

ion of HCT. The optimal concentration of sulphuric acid
stablished in 0.10 mol l−1.

Interferences were sought among the more frequ
ubstances accompanying the hydrochlorothiazide in
ommercially available formulations. The potential in
erents were added to 3.25 mg l−1 of HCT in the basic
edium. The relative errors were obtained by compa

he output with the observed with a pure HCT solu
nd are depicted inTable 5. Captopril shows chemilum
escent response by itself, which presumed an impo

nterference when the method needs to be applied t
.eported related to the chemiluminometric behaviour of
zide diuretics such as indapamide, metolazone, hydrofl

hiazide, chlorthalidone and bendroflumethiazide.
The viability of an on-line photochemical reactio

hemiluminometric determination of these thiazides was
rmed.

eferences

[1] British Pharmacopoeia, Her Majesty’s Stationery Office, Lon
1993, pp. 942–443.

[2] The United States Pharmacopoeia 23, The National Formular
United States Pharmacopeial Convention Inc., Rockville-MOL
1D, 1995, pp. 1374–1376.
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