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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
photodegradation is performed in basic medium by using a photoreactor consisting of a 550 g 18mgm ID piece of PTFE tubing helically
coiled around an 8 W low-pressure mercury lamp. The determination of the photo-irradiated thiazides is performed by a chemiluminescent
oxidative reaction with Ce(IV) in sulphuric acid medium. A heterogeneous group of thiazides (indapamide, metolazone, hydroflumethiazide,
chlorthalidone and bendroflumethiazide) has been studied. Hydrochlorothiazide was selected as a test substance. The “on-line” photochemical
reaction approach allows the sensitive chemiluminescent determination of thiazides which do not present native chemiluminescence in
the absence of sensitizers such as Rhodamine 6G. Linear calibration graphs were typically over the range hb51i@hdapamide,
metolazone, hydroflumethiazide and chlorthalidone); and over the rangey@®a5* (hydrochlorothiazide). Limits of detection ranged
between 0.005.g mi~* (hydrochlorothiazide) and 0.G6y mI~* (bendroflumethiazide). The relative standard deviation for the test substance
was 2.0% for 2ug I~ of the drug 6 = 11) and the throughput was 65hin all cases. The assessment of the photodegradation step on
the molecular structure of thiazides was established by recording UV and fluorimetric spectra. The viability of the on-line photoinduced
fluorescent determination of hydroflumethiazide and bendroflumethiazide was confirmed. The method was also applied to the determination
of hydrochlorothiazide in commercially available formulation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of thiazides is used with only minor differences among them
(seeFig. 1).

Thiazides are the most widely used group of diuretics  Hydrochlorothiazide (HCT) is a member of the thiazides
and are effective in milder forms of high blood pressure and family which has been extensively used since 1957 as a pow-
heart failure. Although they lower blood pressure initially erful diuretic and as antihypertensive agent. Some guantita-
by increasing salt loss through the kidneys, they also have ative determination methods of hydrochlorothiazide have been
relaxing effect on artery walls. This is probably the main way developed by using differenttechniques. The British Pharma-
in which they work. Occasionally they may cause attacks copoeigl] proposes the determination of HCT tablets by the
of gout and raise the level of glucose in the blood, which direct measurement of the absorbance in the UV region from
could lead to diabetes in susceptible people. A wide range the solution of the drug in NaOH medium. The URPalso

recommends this method for the reserpine and HCT tablets,
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Fig. 1. Chemical structures of thiazides.

macopoeiafl,3] recommended a non-aqueous titration with mental set-up is necessary for the electro-generation of CL,
potentiometric end-point. and the system shows important interferences from organic

Most of the methods developed in the analytical litera- amines. A second CL system developed by Ouyang et al.
ture are spectrophotometric; ethanolic solutions of chloroth- [23-26] was based on the reaction of HCT with Ce(IV) in
iazide, hydrochlorothiazide and thrichloromethiazide have sulphuric acid, sensitized by Rhodamine 6G.
been analysed by first derivative UV-spectrometryand HPLC ~ On the other hand, it has been established that the
in the presence of their photo-decomposition prod{i}s irradiation of photoreactive analytes leads to the formation
Thiazides have been determined in urine using electroanalyt-of species that can be detected by [@Z—-29] Bibliographic
ical technique$5], liquid chromatography with fluorimetric  information dealing on irradiation of thiazidd8,30-32]

[6] and mass spectrometfy] detection. The tandem gas is scarce and most of it is dealing on the photo-stability
chromatography—mass spectrometry has been also applied tor UV—-vis determination of these drugs rather than on the
the determination of thiazide diuretics in human uifigge photo-fragments.

Fluorimetric[9,10] and electrochemical detectifiil,12] The purpose of the present investigation was to develop a
has been also applied. However, as HCT often is combinedsensitive, rapid and a simpler assay for determination of thi-
with other drugs, methods of separation (chromatography azides using a Fl system coupled to photochemically induced
[13,14]and electrophores[45,16]) have been suggested for CL. The method uses the photochemical decomposition ofthe
its determination, just as multicomponent analysis based ondrugs, and the product generated is determined by CL, with
derivative or multiwavelength spectrophotomefiyr—19] the aid (for the first time) of Ce(lV) in acid medium.

Methods devoted to obtain the dissolution profiles of hy-
drochlorothiazidg20] or the simultaneous dissolution pro-
files of this drug and captopfi1], have been also presented.

Analytical procedures involving chemiluminescence (CL) 5 1 Reagents
measurements have been proposed. In the[8&t a CL
reaction occurs between thiazide compounds and tris-(2,2  All solutions were prepared from analytical-grade
bipyridine)ruthenium(lll). However, a complicated instru- reagents in deionized water (1&Mm) from a

2. Experimental
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Sybron/Barnstead Nanopure Il water purification sys- 1.5mImin1, and the mixture was led to the detector flow
tem provided with a fiber filter of 0.2m pore-size.  cell. The flow cell was a flat-spiral quartz tube of 1 mm ID
Thiazides (Guinama), Ce(Nfb(NOg)e (Probus), NaOH  and 3 cm total diameter backed by a mirror for maximum light
and HSOs (both from J.T. Baker) were used. Other collection. The photodetector package was a P3OCWADS5F-
reagents were #e(CNg, KMnOy4, H3POs, HNO3, NaCl, 29 Type 9125 photomultiplier tube (PMT) supplied by Elec-
acetone, Triton X-100, 1,10-phenanthroline-1-hydrate, tron Tubes operating at 1280V and located in a laboratory-
formic acid, acetylsalicylic acid, lactose 1-hydrate and made light-tight box. The output was fed to a computer

NH4Cl, N&B4O7-10H0O (all from Panreac); N&EDTA, equipped with a counter-timer, also supplied by Electron
NH3 and sodium acetate (all from Probus); KiGnd Tubes.

AgNOs3 (from Prolabo); kS;QOg, hydrogen peroxide 30%,

acetonitrile, starch soluble and acetic acid (Merck); HCland 2.3. Preparation of sample

KH2POy (both from J.T. Baker); sodium dodecyl! sulphate

and hexadecylpyridinium chloride (Fluka); glycine (Schar-  Adeltin-EsidexNovartis Farmaeutica, S.A., Barcelona,
lau); formamide (Roche); quinine sulphate, magnesium Spair). Ten tablets were weighed and crushed. After a proper
stearate, talc, calcium pantothenate, sucrose, wheat starcthomogenization, an amount (higher than 0.11 g) was pow-
captopril and ethanol (all from Guinama); Rhodamine B and ered, shakened in 100 ml of 0.05 motINaOH and filtered

Rhodamine 6G (Sigma). through a glass mesh of three pore numbers. After filtering the
resulting solution was made up to 250 ml with 0.05 mdl|
2.2. Flow-injection procedure NaOH. Then this solution was used to obtain a final concen-

tration in the range of application of the method. The process

The FIA system used is depicted filg. 2 Connections ~ Was achieved in triplicate.
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 3. Results and discussion
tygon pump tubes from Omnifit, was used for carrier deliv-
ering and flow regulation. A laboratory-made photo-reactor 3-1. Preliminary assays
included PTFE tubing (0.5mm ID with variable lengths,
550 cm in the proposed system) tightly coiled around an 8w Preliminary tests were performed with a FI manifold
low-pressure mercury lamp (Zalux) for germicidal use. The (Fig. 2modified with a confluence to replace channel 1 (a)).
analyte was prepared in 0.05 mofINaOH, and flowed at ~ The study was performed employing as oxidant KMnO
1.7 mimin® through the photo-reactor. The 4glLof the in H2S04 (Qs), and nine different media for the pho-
photodegradated sample was injected into the carrier streanfodegradation @4), namely: 10°moll~ HSQs, H0,
(water at 6 ml mirr!) using a rotatory injection valve (Rheo- HACO/NaAcO buffer at pH 4.6, KpPOy/K2HPOy buffer
dyne, Model 5041, Cotati, CA, USA). Then the inserted so- at pH 7.1, glycine buffer at pH 8.6, borax buffer at pH 9.0
lution merged with an oxidant solution (& 10-3mol |1 and NHy*/NHg buffer at pH 10.0 (all buffers with concen-

Ce(NHy)2(NO3)s in 0.1 mol I sulphuric acid) flowing at  tration 0.02molt?), 10-% and 0.5 molt* NaOH. The hy-
drochlorothiazide (5« 10~% moll~1) was prepared in water

and run byQ; atthe same flow rate &) (0.8 mI mirr1). The
PR carrier was water and the photoreactor consisting of 690 cm
Q, :l—l x 0.5 mm PTFE tubing helically coiled around an 8 W low-
Q, pressure mercury lamp.
VO )—@ [JpwmT The signal obtained with 0.5 mott NaOH as medium for

the photodegradation was 10 times higher than that obtained

l with the rest of media, and not peaks were obtained when
w the lamp was OFF. Strong basic media was necessary for the
(@) (b) photodegradation of hydrochlorothiazide ($ég. 3).
25000
20000
2
Fig. 2. Optimized flow assembl§; : sample solution in the suitable medium § 15000
8 10000

for photodegradatiorQ,: carrier solution (water)Qs: oxidant solution and
medium of oxidationV: volume of photodegradated injected sample; B: 5000

peristaltic pump; PR: photoreactor; PMT: photomultiplier tube; W: waste. 0- T T T T T 1
For preliminary assays, the manifold was modified adding a confluence: (a) 2 4 6 8 10 12 14
channel 1 was replaced for one confluence to mix sample and photodegra-
dation medium before the lamp; (b) channel 3 was replaced by a confluence
to mix oxidant and medium for the chemiluminescent reaction.

Fig. 3. Influence of pH on the photodegradation.
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3.2. Optimization of the flow-injection manifold 3.4. Study of the photodegradation reaction

The FI manifold Fig. 2) was optimized by using the uni- It has been established that the chloride substituentin HCT
variate method. Chemical parameters affecting photochemi-is replaced by H, OH or OC{in aqueous or methanolic so-
cal and chemiluminescent indicator reaction were optimized lutions on photolysi$33,34], as well as the hydrolysis of the
before the FI variables, and the most significant variables thiamine ring. On the other hand, the alkaline hydrolysis of

were re-optimized after establishing the FI conditions. hydrochlorothiazide occurs resulting inradisulphonamide
and formaldehyd¢35]. Other authorg30-32] established
3.3. Chemiluminescent reaction the photo-decomposition appears to proceed according to

the first-order kinetics and the main products resulting from
The first step was to establish the best oxidant sys- irradiation are formed after dechlorination of the parent
tem for the direct determination of the photodegradated molecules (hydrochlorothiazide and trichloromethiazide),
hydrochlorothiazide. The following oxidant systems were Wwhile the aromatic-SO:NH> (chlorothiazide) group is re-
tested: KMnQ, Ce(lV), KIO4, K2S,0g (with Ag(l) 2 x placed by a hydrogen atom.

10->mol 1) all of them in SOy, KzFe(CN) and HO» The effect of three buffers (glycine, phosphate and bo-
both in NaOH. The FI assembly depicted filg. 2 was rax buffer) at different pH (9.5-12.5) and of some concen-
employed, with a confluence to mix the oxidant (2 trations of NaOH was tested. None of the buffers provided
103 moll~1) and the medium for the oxidation (3 mof signals comparables to those obtained when NaOH solu-
H2S04 or NaOH). The hydrodynamic conditions were as fol-  tions. After a re-optimization between 0.2 and 0.6 mo| |
lows: Q1, 0.7 mImirr? sample solution (5< 10~4mol I~1 NaOH 0.5molt! was fixed as medium of photodegra-
sample); 07, 0.7mimirr? medium for photodegradation ~ dation.

(0.5mol -1 NaOH); Q,, 6.0 mImirr? carrier solution (wa- The kinetic of the photodegradation was studied by vary-
ter); Qz, 0.7 mimirr oxidant; 0%, 0.7 mI mirrt medium for ing simultaneously the flow rate of sample and medium of

the oxidant;V, 330ul; and photoreactor, 550 cm 0.5 mm photodegradatior(; and Q). The curve signal versus time
PTFE tubing helically coiled around 8 W low-pressure mer- of irradiation were characterised by a continuous increase in
cury lamp. the chemiluminescence, up to 104 s where a plateau was ob-
As shown inTable 1 the best results were found with tained up to 138 s of irradiation; and after it a diminution of
KMnQO4 and Ce(lV) as oxidants. Oxidant concentration is a the signal was observed. The 104 s was selected in order to
critical variable in direct chemiluminescence, so before to have higher throughpuq = Q7 = 0.8 mimirr1).
chose an oxidant system, different concentrations of both, The influence of different potential photolysis and chemi-
KMnO4 and Ce(IV), were tested. The studied intervals cov- luminescence sensitizers was studied. Selected compounds
ered from 2x 1074 to 2 x 10 3mol |~ for KMnOa, and and results are summarised Table 2 By Q; flowed the
from 1073 to 2 x 102 mol I~ for Ce(IV). The maximum  sample in the 0.5 mot! NaOH medium and bg/, the pho-
height of the peak obtained with the first system .5 tosensitizer. Only formic acid and Rhodamine 6G seemed
10~4 mol =1 KMnO4) was half of the signal supplied with 2  to provide a significant increase. The growth with quinine
x 10~2mol =1 for Ce(IV), so this last oxidant was selected Wwas small and the blank output was very high. For other sub-
for further work. stances an inhibition of the signal was observed.
The best medium for the oxidant reaction was also exam-
ined, including BSOy, HCI, HCIO4, H3POs and HNG;, all Table 2
ata 3molt?! concentration. The highest outputs were given Influence of surfactants and sensitizers on the emission intensity

for sulphuric acid, which concentration was then optimized sensitize? Signal Blank  Increas®
over the range 0.1-4.0 moll. A plateau was observed be- (blank) (%)
tween 1.0 and 2.0 mott of H,SQy, and a concentration of Acetonitrile, 20% 43075.0 40 _835
1.5 was pre-selected. Quinine, 5x 10~*mol |1 301954.3 15425 15.9
Acetone, 0.5% 19130.7 562 —-92.7
Table 1 Dimethylformamide, 5% 25198.5 0 —90.3
Oxidants tested for the chemiluminescent emission of the photodegradatedEtha'?OI' 5_% 32798.7 0 —87.4
hydrochlorothiazide Formic acid, 1% 438872.5 42 68.5
- Hexadecylpyridinium, 0.09% 22381.8 2393 -914
Oxidant ON OFF Triton X-100, 0.03% 42565.8 112 -837
Counts RSD (%) Counts RSD (%) SDS, 0.55% - 143897.2 115 —44.8
Acetone, 0.5% + acetonitrile, 20%  24600.0 2226 —90.6
KMnO,4 95378.0 838 - - Rhodamine 6G, 5 10~mol - 682636.8 12908  162.0
Ce(NFy)2(NOs)e 2108943 3.3 - - Rhodamine B, 5< 104 mol I~} 66916.8 37183 -74.3
KlO4 702.4 14.5 26.5 4.7 2 -
K2S,08/Ag(l) 1362.2 6.3 10.3 15.1 All th(_e ‘_’/o_are y/v, except the surfactants (SDS, Triton X-100 and hex-
H,0, 335 75 _ _ adecylpyridinium) in w/v.
K3Fe(CN) 776.2 27 _ _ b Increase over the reference signal obtained without sensitizer or

surfactant.
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A new study with several concentrations of formic acid (medium for photodegradation) and the time of photodegra-
and Rhodamine 6G was performed over the range 0.5-2.0%dation was carried out. Higher signals were obtained for sam-
and 104 to 7.5 x 10-*moll~1, respectively. Best results  ple in 0.05molt! NaOH and irradiate during 97 s with the
(increase of 100% respect the signal without photosensi- UV light.
tizer) were obtained for (2.5 10~*moll~1) Rhodamine
6G. However, the blank obtained was very high. A new 3.5. Fl variables
configuration was studied to avoid the blank signal, and
also to obtain information about the influence of Rhodamine  Two hydrodynamic conditions of the flow system affect-
6G on the photodegradation and the chemiluminescent re-ing the chemiluminescent reaction, injected volume and flow
action. The Ce(lV) was prepared in sulphuric acid and in- rate, were studied.
serted into the system throug@bs. The Rhodamine flowed The signal increased with the injected volume (over the
through Q7 at the reported concentrations. High base line range 260-444l) and 421l was chosen, to obtain the best
was obtained, which can result in negative peaks. Besidecompromise between the height and the base-width of the
inhibition of the signals were obtained in all the concen- peak.
trations. Due to the high blanks and in order to have a  To establish the kinetic of the chemiluminescent reaction
simple and clean system, the use of Rhodamine 6G wasis very importantto guarantee thatthe maximum emission oc-
discarded. curs inside the flow cell. Keeping constant the relation flow-

The FI system was simplified by removing both conflu- carrier/flow-oxidant Q1/Q-), the global flow Q1 + Q2) was
ences, namely sample and medium of photodegradation, andzaried from 2.5 to 10 ml mint. However, the signal increased

oxidant and medium of oxidation ((a) and (b)Rig. 2) were in the whole interval was less pronounced from 5 mindin
prepared off-line. The final system is like the one depicted in The 7.5mImin! was selected to avoid overpressure prob-
Fig. 2 Q1, 1.5 mImir® (sample in 0.25 moH! NaOH);Q», lems and to minimise the consumption of reagents.

6.0mIimim?® (water); andQs, 1.5mimimt (10-2mol -1
Ce(lV) in 0.75mol I HoSOy).

The temperature can have a double influence on the sys-4. Photodegradation and
tem. It can influence the photodegradation step in different fluorimetric/chemiluminometric detection of
ways: either accelerating the kinetic process or determining thiazides
the final products of the photolysis, which in turns can in-
fluence the chemiluminescent response. A continuous output  The assessment of the photodegradation step on the molec-
decrease was observed when the sample solution was heatedlar structure of thiazides was established by recording UV
by immersing it into a water bath over the range 202850n and fluorimetric spectra. UV and fluorimetric spectra were
the other hand, the temperature can also influence the chemiobtained by passing through the photoreactor and under op-
luminescent reaction. In general the increase of temperaturetimal conditions of irradiation time a 50gmi—! solution
damages the luminescent response due to the deactivatiowf thiazide in 0.05 molt! NaOH. Spectra were recorded for
by not emissive mechanisms. However, a positive influence the emerging solutions. UV and fluorimetric spectra were ob-
can be noticed when it affects to the kinetic of the oxidative tained with the lamp ON and OFF (sE&@. 4andTable 3.
reaction. The study of the chemiluminescent reaction was The experiment allowed checking both the viability of the
performed by heating carrier and oxidant solutions in a water proposed method for this group of drugs and the relation
bath over the interval 20-8%. Very small increases (un- between photodegradation, photoinduced fluorescence and
der 16%) were obtained. Due to that, room temperature waschemiluminescent behaviour after UV-irradiation.
selected. According to the fluorimetric response, thiazides can be

Once established the chemical conditions for the pho- divided into three groups: (a) The viability of the on-line pho-
todegradation, a re-optimization of the NaOH concentration toinduced fluorescent determination of hydroflumethiazide

Table 3

Influence of photodegradation on the fluorimetric behaviour of thiazides; [thiazide]sg B0~ in 0.05 mol I NaOH

Thiazide Lamp OFF Lamp ON

Aex Aem | Aex Aem |

Hydrochlorothiazide - - - 266/356 455 437/614

Hydroflumethiazide - - - 295 435 1400
394 445 1718

Chlorthalidone - - - 300 420 524

Bendroflumethiazide - - - 240/379 445 433

Indapamide - - - 266 363 500

Metolazone 274/344 444 2084487 250-350/379 492 486/933

a Intensity at 700 V; rest at 900 V. Slitand slitm=5nm.
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Fig. 4. UV-vis spectra of thiazides with lamp ON and OFF @&mI~1 for all thiazides in 0.05 M NaOH).

and bendroflumethiazide was confirmed. These thiazides ex-spectra. Hydrochlorothiazide, hydroflumethiazide and ben-
hibit a very weak fluorescence with lamp OFF, but they turn droflumethiazide presenting similar ring’s structure and UV-
into strongly fluorescent compounds after UV-irradiation. OFF/ON spectra are rather different attending the fluorimet-
(b) Indapamide, chlorthalidone and hydrochlorothiazide ric and chemiluminometric response. Hydrochlorothiazide
presents null native fluorescence. UV-irradiation causes theand bendroflumethiazide differ in the Cl/€group bonded
photoinduced fluorescence of these thiazides. (c) Metola-to the aromatic ring. Nevertheless, bendroflumethiazide turns
zone presents a strongly fluorescent behaviour with lampinto a strongly fluorimetric thiazide and the weakest chemi-
OFF (ex = 274 nm and 344 nnkem = 444 nm), and a sig-  luminescent drug after UV-irradiation (see calibration slopes
nificant decrease of the fluorescent intensity and changesin Table 4.
of the excitation and emission wavelength with lamp
ON.

There is not a clear relation between changes in the UV 5. Analytical applications
spectra after UV-irradiation, photo-induced fluorimetric and
chemiluminometric response for the tested thiazides. All  The calibration graph was linear over the range
drugs presented dramatic changes of UV and/or fluorimetric 0.2-5ugmi~1 and fitted the equation = (450000 +

Table 4

Influence of photodegradation on the chemiluminometric response of thiazides

Thiazide Linear ranggug mi~1) Limit of detection fug mi—?) Equation

Hydrochlorothiazide 0.2-5.0 0.005 | = (450 000+ 30 000K — (200 000+ 80 000);r? = 0.994
Hydroflumethiazide 0.5-12.0 0.025 | =2242.2C — 1237.1;r? = 0.997

Chlorthalidone 0.5-12.0 0.020 | =2294.1C — 82.4;r? = 0.998

Bendroflumethiazide 0.5-20.0 0.060 | =683.C — 127.3;r> = 0.998

Indapamide 0.5-14.0 0.020 | =1054.C + 1135.9;r2 = 0.992

Metolazone 0.5-12.0 0.010 | =9308.C — 2102.6;r> = 0.998
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30000 — (200000+ 80000) with a correlation coeffi-  Table5
cient of 0.997, where is the chemiluminescent emission Influence of foreign substances (for 3.2 mg bf hydrochlorothiazide)

andC the concentration of hydrochlorothiazideig mi—?. Interferent Concentration (mgH) Error (%)
The limit of detection (0.00f.g mI~1) was defined as three  Lactose 25 —4.8
times the background average and was established by deMagnesium stearate 8 —4.7
creasing the concentration of injected chloramphenicol until Talc 40 —45
this relationship was reached. The inter-day reproducibility of ggfé‘;";gﬂg;phate 115]: :;:i
the proposed method was estimated by running calibrations\yheat starch 10.8 56
with solutions of the reagents freshly prepared each day. Thereserpine 2.6 -3.0
RSD of the slopes of four different calibration graphs was Na-EDTA 50 —0.4
6.7% for hydrochlorothiazide. The RSD for a series of 11 Sucrose 15 —4.8
injections of a 2ug mI~! solution of chloramphenicol was g:ggg::l %_9 :ig

2.0%. The throughput, calculated using the same series, was
65 samplesht.

Indapamide, metolazone, hydroflumethiazide, chlorthali- o o
done and bendroflumethiazide were tested under the optimadetermination of hydrochlorothiazide in the presence of

conditions obtained for hydrochlorothiazide (SE&ble 4. captopril. o
The limits of detection were at least two-fold higher 10 investigate the applicability of the proposed method

(10ngml? for metolazone) than that obtained for hy- to real samples, hydroc_hlorothiazide was determined in a
drochlorothiazide. The sensitivity in terms of the slope of Pharmaceutical preparation (Adelfan-Esidrex). Good concor-
the calibration graph was not comparable; it ranged (slope dance was found with figures prowdgd from the manufac-
HCT/slope thiazide) from 48 (metolazone) to 658 (ben- turer; calculated error versus label claim was 3.0%.
droflumethiazide). Linear ranges compare favourable with

hydrochlorothiazide due to the lost in sensitivity. None

chemiluminometric response was obtained (lamp OFF) for 6. Conclusions

a solution containing 5Qg mI~! metolazone, hydroflume-

thiazide or bendroflumethiazide. In the case of indapamide The proposed method for the determination of hy-
and chlorthalidone, 5@g mI~1 of thiazide provided an an-  drochlorothiazide combines the advantages of photochem-
alytical signal (lamp OFF) 3.3- and 2.9-fold lower than that ical reaction (such as cleanliness, reproducibility and easy
obtained (lamp ON) for a solution Oy mi—1 of these thi- manipulation) and the chemiluminescent detection (such as
azides. sensitivity, low limit of detection and selectivity).

The robustness of the system concerning flowing and  The photodegradation step allows the determination of hy-
chemical variables was studied. The effect of a variation drochlorothiazide employing the chemiluminescent reaction
of the relation flow-carrier/flow-oxidant1/Q), equivalent with Ce(IV) in acid medium by avoiding the use of sensitizers
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