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Three Smple and selective spectrophotometric  and
spectrofluorimetric methods were developed for the quantitative
determination of certain diuretics (bendroflumethiazide,
benzthiazide, chlorthalidone, clopamide, hydrochlorothiazide,
hydroflumethiazide, indapamide and xipamide) in pure forms as
well as in their pharmaceutical formulations through their
hydroxamate formation and subsequent complexation with iron
(method 1), reaction with potassium ferricyanide (method 11) and
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reaction with 4-chloro-7-nitrobenzofurazan (method I11). The
conditions for different reactions were studied and optimized. The
methods have been validated and successfully applied to the
analysis of bulk drugs and their tablets with good recoveries
ranging from 97.93 (£1.46) to 100.6 (x1.75) for method I, 98.49
(£1.43) to 99.86 (+0.87) for method 11, and 98.98 (+1.11) to 99.90
(20.86) for method I11. No interference was observed from common
pharmaceutical adjuvants. The results obtained compare well with

those of reported methods.

INTRODUCTION

Thiazide diuretics are a major
class of diuretic agents that have been
used for over 30 years.

Subsequently, drugs that are
pharmacologicaly similar to thiazide
diuretics but are not thiazides were
developed and are called thiazide-like
diuretics.*3

Many analytical procedures have
been reported for the determination of
the investigated drugs. The British
Pharmacopoeia 1998 adopted an
electrochemical method for the
analysis of the studied drugs.* United
States Pharmacopoeia USP XXV,
NFXX describes titremetric, spectro-
photometric and high performance
liquid chromatographic methods for
the analysis of the studied drugs.”

Bendroflumethiazide has been
assayed by chromatographic,®™
spectrophotometric™™ and  fluori-
metric***® methods. Benzthiazide has
been assayed by  chromato-
graphic, spectrophotometric'®
and  electrochemical™  methods.
Chromatographic®®*? and spectro-
photometric® methods have been
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used for assay of chlorthalidone. The

most recent methods for
determination of clopamide include
chromatographic®®  and  spectro-

photometric®® methods. Hydrochloro-
thiazide has been assayed by
chromatographic,?’?®  spectrophoto-
metric®**® and spectrofluorimetric™
methods. Hydroflumethiazide has
been assayed by  chromato-
graphic®®*®*  and  spectrophoto-
metric®** methods. The most recent
methods for determination  of
indapamide  include  chromato-
graphic,®**  spectrophotometric® 4
and fluorimetric*®**  methods.
Xipamide has been assayed by
chromatographic®*  and  spectro-
photometric* methods.

In continuation, we wish here to

develop simple and rapid
spectrophotometric  and  spectro-
fluorimetric  procedures for the

determination of thiazide and
thiazide-like diuretics suitable for
quality control  purposes. The
structures of the studied drugs are
givenin Tables 1 and 2.
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EXPERIMENTAL

Apparatus

A Peken Elmer UV-VIS
Spectrophotometer (Tokyo,Japan)
with 1 cm quartz cells was used.
Perkin ~ Elmer™  luminescence
spectrometer model LS 45 (Perkin
Elmer instruments, USA) connected
to an IBM computer loaded with the
FLwinlab™  application  software
4.00.02 version was used.

All calculations were carried out
on IBM computer using statistical
methods in analytica chemistry
(SMAC) program, designed by Meier
and Zund.”

Materials and reagents

Hydroxylamine hydrochloride
17.25 g/100 mL in distilled water (2.5
M) and Potassum ferricyanide
297.74 mg/100 mL in distilled water
(0.01 M). (Loba Chemi Mumbai,
India). Sodium hydroxide 32g/100
mL in distilled water (8.0 M),
hydrochloric acid 70.4 mL/100 mL in
ditilled water (8.0 M), ferric chloride
hexahydrate 14 g/100 mL (0.1 M), in
hydrochloric acid (0.5 M), methanol,
ethanol, sodium carbonate, sodium
dihydrogen phosphate, disodium
hydrogen phosphate, perchloric acid,
sulphuric acid, nitric acid, dimethyl-
formamide, dimethylsulfoxide,
sodium acetate, phosphoric, boric and
citric acids (El-Nasr Co. for
pharmaceutical chemicals, Egypt) and
4-chloro-7-nitrobenzofurazan (NBD-
Cl) 100 mg/100 mL in ethanol and
7,7,8,8,-tetracyanoquinodimethane
(Sigma Chemical Co., St. Louis, MO,
USA).
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Phar maceutical formulations
Blokium-Diu® tablets (medical
Union Pharmaceutical Co., Abu
Sultan-Ismailia, Egypt), labeled to
contain atenolol (100 mg) and
chlorthalidone (25 mg) per tablet.
Brinerdine® tablets (Novartis Pharma
S.A.E. Cairo, Egypt) [under licence
from Novartis Pharma AG., Badle,
Switzerland], labeled to contain
reserpine (0.1 mg), clopamide (5 mg)
and dihydroergocristine (0.5 mg) per
tablet. Capozide® tablets (Bristol
Myers-Squibb  Pharmaceutical Co.,
Cairo, Egypt), labeled to contain
captopril (50 mg) and
hydrochlorothiazide (25 mg) per
tablet. Diurex® tablets (Amriya
Pharmaceutical Co., Alexandria,
Egypt), labeled to contain indapamide
(25 mg) per tablet. Epilacton X®
tablets (Egyptian Pharmaceutical
Industries Co. [Epico], Tenth of
ramadan city, Egypt), labeled to
contain xipamide (20 mg) and
spironolactone (100 mg) per tablet.

Standard solutions
For procedurel

Weigh accurately 20 mg of each
drug, dissolve in 4.0 ml methanol in a
50-mL volumetric flask and complete
to volume with distilled water. This
stock solution (0.4 mg/mL) is diluted
to contain 0.04 mglmL (in case of
chlorthalidone), 0.08 mg/mL (in case
of clopamide, hydroflumethiazide and
xipamide) or 0.16 mg/mL (in case of
benzthiazide, bendroflumethiazide,
hydrochlorothiazide and indapamide).
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For procedurell

Weigh accurately 20.0 mg of each
drug, dissolve in 4.0 mL methanol in
a 100-mL volumetric flask and
complete to volume with distilled
water (0.2 mg/mL).

For procedurelll

Weigh accurately 20.0 mg of
bendroflumethiazide,  hydrochloro-
thiazide and hydroflumethiazide or
40.0 mg of clopamide. Dissolve in
about 10.0 mL absolute ethanol in
100-mL  volumetric  flask  and
complete to the mark with the same
solvent.

Procedures
Procedurel
Puredrugs

Accurately measure 1.0 mL of the
standard stock solution (0.4 mg/mL)
into a test tube, add 1.0 mL of
hydroxylamine hydrochloride and 2.0
mL of sodium hydroxide, heat for 20
minutes in a boiling water bath, cool,
transfer into 10-mL volumetric flask,
wash the test tube two times with
portions of distilled water each of 1
mL and transfer the washings into the
volumetric flask. Add 2.0 mL of
hydrochloric acid and 1.0 ml of ferric
chloride hexahydrate. Allow to stand
for 20 minutes at room temperature
(25 % 5°), then dilute with distilled
water to volume and mix well.
Measure the absorbance at 500 nm
against reagent blank treated
similarly.



Construction of calibration graphs

Dilute the standard stock solution
(0.4 mg/mL) quantitatively to give a
series of concentrations, suitable for
constructing the calibration graphs
(find drug concentration; 0.3-4
pg/mL). Use 1.0 mL of each solution
for the reaction with hydroxylamine
and ferric chloride as directed under
the procedure for pure drugs.

Stoichiometry

The stoichiometric ratios were
determined by Job’s method of
continuous variation.”® The stability
constants for formed chelates were
calculated. Stability  indicating
properties of the assay as well as
spectroscopic  investigation of the
products using IR and 'H-NMR
spectroscopy were studied.

Procedurell
Puredrugs

Accurately measure 1.0 mL of the
standard stock solution (0.2 mg/mL)
into test tube, add 1.0 mL of sodium
hydroxide and 1.0 mL of potassium
ferricyanide, boil for 45 minutes in
water bath, cool and transfer into 10-
mL volumetric flask. Wash the test
tube two times with portions of
distilled water each of 1 mL and
transfer the washings into the
volumetric flask. Add 1.0 mL of
hydrochloric acid, alow to stand for
20 minutes at room temperature (25 +
5°), then dilute with distilled water to
the volume and mix well. Measure
the absorbance at 720 nm against
reagent blank treated similarly.

Construction of calibration graphs

Dilute the standard stock solution
(0.2 mg/mL) quantitatively to give a
series of concentrations, suitable for
congtructing the calibration graphs
(final  drug concentration; 2-20
pg/mL). Use 1.0 mL of each solution
for the reaction with potassium
ferricyanide as directed under the
general analytical procedure.

Stoichiometry

The stoichiometric ratios were
determined by Job’s method of
continuous variation.*®

Procedurelll
Puredrugs

Accurately measure 1.0 mL of the
standard solution into test tube, add
1.0 mL of 4-chloro-7-nitrobenzo-
furazan, heat to 60° for 45 minute in
water bath, cool, transfer into 10-mL
volumetric flask, then dilute with
ethanol to the volume and mix well.
The relative fluorescence intensities
of the resulting solutions were
measured at room temperature (25 +
5°) against a reagent blank treated
similarly at (excitation Apx 470 Nm
and emission A g 535 nm).

Construction of calibration graphs

Dilute the standard stock solution
quantitatively to give a series of
concentrations suitable for
constructing the calibration graphs (2-
12 pg/mL). Use 1.0 mL of each
solution for the reaction with 4-
chloro-7-nitrobenzofurazan as
directed under the genera analytical
procedure.
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Stoichiometry

The stoichiometric ratios were
determined by Job’s method of
continuous variation.®®

Analysis of
formulations

Transfer an accurately weighed
amount equivalent to 50.0 mg of each
drug from composite of 20 powdered
tablets into a 100-mL calibrated flask.
Dissolve and dilute to the mark with
distilled water, sonicate for 10
minutes and filter off to obtain a
solution of 1.0 mg/mL. Further
dilutions with didtilled water were
made to obtain sample solutions, then
the general procedures I, Il and IlI
were followed.

pharmaceutical

RESULTSAND DISCUSSION

Method |

The interaction of the hydroxamic
acid derivatives of al studied drugs,
bendroflumethiazide,  benzthiazide,
chlorthalidone, clopamide, hydro-
chlorothiazide, hydroflumethiazide,
indapamide and xipamide with ferric
chloride hexahydrate, in acidic
medium gave a red coloured product
with an absorption maximum at 500
nm. The absorption spectrum of the
interaction product of ferric chloride
hexahydrate with xipamide
hydroxamate as a representative
example for the studied drugs is
shown in Figure 1.
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Factors affecting color
ment

A preliminary investigation was
caried out to determine the
optimumconditions for the
hydroxamate formation and
subsequent chelate formation for the
studied drugs.

develop-

Effect of hydroxylamine concent-
ration

The absorption intensity of the
resulting ferric chelate was found to
increase by increasing concentration
of hydroxylamine and reaches its
maximum value at 1.0 mL of 25 M
per 10 mL of fina solution, after
which no further increase was noticed

(Fig. 2).

Effect of
concentration

The absorption intensity of the
resulting ferric chelate was found to
increase by increasing concentration
of sodium hydroxide and reaches its
maximum value a 1.0 mL of 8.0 M
per 10 mL of fina solution, after
which no further increase was
noticed. Higher concentrations are not
recommended to avoid addition of
more hydrochloric acid because the
reaction was performed in acidic
medium (Fig. 3).

sodium  hydroxide

Effect of temperature

The intensity of absorption of the
resulting ferric chelates increases on
increasing temperature upon
interaction of the drugs with
hydroxylamine and sodium hydroxide
to form hydroxamic acids, the best



results were obtained at boiling point
(100°).

Effect of time of boiling

The intensity of absorption of the
resulting ferric chelates increases on
increasing time of heating the drug
with hydroxylamine and sodium
hydroxide to form hydroxamic acid.
Optimum reaction time was attained
after 20 minutes for al the studied
drugs (Fig. 4).

Effect  of
concentration

The absorption intensity of the
resulting ferric chelates increases by
increasing concentration of
hydrochloric acid and reaches its
maximum value a 1.0 mL of 8.0 M
per 10 mL of final solution, after
which  the absorption intensity
decreases (Fig. 5).

hydrochloric  acid

Effect of ferric chloride concent-
ration

The absorption intensity of the
resulting ferric chelate increases by

038
0.7
06 |
05 |
04 |
03!
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01l I

0

Absorbance

increasing concentration of ferric
chloride and reaches its maximum
value at 1.0 mL of 0.5 M per 10 mL
of final solution, after which no
further increase was noticed. Higher
concentrations are not recommended
to avoid high absorption intensity of
the reagent blank (Fig. 6).

Effect of chelate development time
The optimum chelation reaction
time was determined by following the
colour development a  room
temperature (25 + 5°) at 500 nm. The
reaction of ferric chloride with each
of the hydroxamate of the studied
drugs exhibits higher colour intensity
when the reaction mixture was diluted
to the volume directly before
measurement. Optimum reaction time
was attained after 20 minutes for all
the studied drugs and the colour
remained stable for further 15
minutes for al the studied drugs

(Fig. 7).

200 327

453 578 698

Wavelength (nm)

Fig. 1. Absorption spectra of 6 pg/mL ferric chloride (1), 4 pg/mL xipamide (11)
and 0.8 pg/mL resulting ferric hydroxamate of xipamide (I11).
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0.5 4 —&— Xipamide (0.8)
—— Clopamide (0.8)
0.4 1 —A— Indapamide (1.6)
—>— Hydrochlorothiazide (1.6)
% 03 1 —%— Chiorthalidone (0.4)
2 —e@— Hydroflumethiazide (0.8)
g 0.2 4 —— Bendroflumethiazide (1.6)
—— Benzthiazide (1.6)
0.1 1
0

02 04 06 08 1 12 14
Volume of 2.5 M hydroxylamine (mL)

Fig. 2. Effect of hydroxylamine concentration on the formation of the
hydroxamate derivatives of investigated drugs (pg/ml).

0.5 —e— Xipamide (0.8)
—— Clopamide (0.8)
0.4 - —A— Indapamide (1.6)
3 o5 —>¢— Hydrochlorothiazide (1.6)
S . —¥— Chlorthalidone (0.4)
E —e— Hydroflumethiazide (0.8)
2 024 —+— Bendroflumethiazide (1.6)
—a=— Benzthiazide (1.6)
0.1 1
0

02 04 06 08 1 12 14
Volume of 8 M sodium hydroxide (mL)

Fig. 3: Effect of sodium hydroxide concentration on the formation of the
hydroxyamate derivatives of investigated drugs (pg/ml).
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Fig. 4

Absorbance

Fig. 5

0.5 - —&— Xipamide (0.8)
—— Clopamide (0.8)

04 J —— Indapamide (1.6)
—¢— Hydrochlorothiazide (1.6)

034 —¥— Chlorthalidone (0.4)
—@— Hydroflumethiazide (0.8)

0.2 | —— Bendroflumethiazide (1.6)
—=— Benzthiazide (1.6)

0.1 -

5 10 15 20 25 30
Heating time (min.)

Effect of heating time on the reaction between the investigated drugs

(ug/ml) and hydroxylamine.

0.5 -
—— Xipamide (0.8)

04 | —— Clopamide (0.8)
—— Indapamide (1.6)
—¢— Hydrochlorothiazide (1.6)

0.3
—¥— Chlorthalidone (0.4)
—@— Hydroflumethiazide (0.8)

0.2 1
—+— Bendroflumethiazide (1.6)
—— Benzthiazide (1.6)

0.1 -

0 T T T T T T
0.7 0.8 0.9 1 11 12 13
Volume of 8 M hydrochloric acid (mL)
Effect of hydrochloric acid concentration on the reaction between the

hydroxyamates of investigated drugs (ug/ml) and ferric chloride reagent.

41



Michael E. EI-Kommos, et al.

0.5 -
—e— Xipamide (0.8)
—— Clopamide (0.8)
04 —— Indapamide (1.6)
—>¢— Hydrochlorothiazide (1.6)
© 03 —¥— Chlorthalidone (0.4)
g 7 —e— Hydroflumethiazide (0.8)
2 —+— Bendroflumethiazide (1.6)
_@ 0.2 | —— Benzthiazide (1.6)
<
0.1 1
0

0.2 0.4 0.6 0.8 1 12 14
Volume of 0.5M ferric chloride (mL)

Fig. 6. Effect of ferric chloride concentration on the reaction between the
hydroxamates of investigated drugs (Lg/ml) and ferric chloride reagent.

0.5 -
—&— Xipamide (0.8)
041 —m— Clopamide (0.8)
—— Indapamide (1.6)
8 0.3 - —¢— Hydrochlorothiazide (1.6)
é —¥— Chlorthalidone (0.4)
g 02 | —@— Hydroflumethiazide (0.8)
—— Bendroflumethiazide (1.6)
—=— Benzthiazide (1.6)
0.1
5 10 15 20 25 30
Time (min)

Fig. 7. Effect of reaction time of the hydroxamates of investigated drugs (ug/ml)
with ferric chloride reagent.
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Quantitative parameters

The regression equations were
derived wusing the least-squares
method. The intercepts (a), slopes (b),
correlation coeffecients (r), limits of
detection (LOD) and limits of
guantitation (LOQ) were calculated.
The dopes are used as a measure of
the senstivity of the proposed
method, while the intercepts are used
as a measure of the interfering

background, (Table 3). Results
indicate high sensitivity and low
background  effect in  ferric
hydroxamate method.

Stoichiometric study

Using job’s method of continuous
variation, the molar ratio of ferric
chloride to each of the hydroxamates
of investigated drugs was 1:3.

Determination of stability constant

The stability constants of the ferric
hydroxamates of investigated drugs
were calculated using the following
equation.*

K= (A/AsCy) IC-Al/A Cy)
(CL-nA/A& CY)"

Where: K is the stability constant of
the formed product. N = X/(1-X)
where X is the mole fraction of the
ligand a the maximum of the
continuous variation curve. A/Aq is
the ratio of the observed absorption to
that indicated by the tangent for the
same wavelength. Cy is the molar
concentration of the metal. C, is the
molar concentrations of the ligand. C,
= Cy/n. The caculated stability
constants for the formed ferric
hydroxamates of the investigated

drugs ranged from 6.8 x 10° to 27.1 x
10° indicating good stability of the
studied chelates. The high stability
constants of the formed products may
account for their high absorption
intensity. The caculated stability
constants are in good correlation with
the measured absorption intensities of
the studied products.

Effect of excipients

The assay results obtained by the
proposed method were unaffected by
the presence of commonly used
excipients. No interference was
observed from exipients such as
starch, talc, sucrose and magnesium
Stearate.

Suggested reaction mechanism

The mechanism of reaction is thus
based on the interaction between the
sulphamoyl group of the chosen drug
and hydroxylamine hydrochloride in
alkaline medium to form
corresponding  hyroxamate  and
subsequent chelation of the resulting
hydroxamates with iron (I11) ions in
acid medium to give red coloured
products. The reaction mechanism
should be suggested depending on the
obtained molar ratio and previous
reports, Scheme .

Analysis of pharmaceutical dosage
forms

The obtained high intensity
absorption bands and the very low
background make this method
suitable for the routine quality control
analysis of the investigated
compounds with no interference from
common additives. The proposed and
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Table 3: Spectral characteristics, Beer’s law data, and statistical analysis for the

proposed methods.
Linear
LOD | LOQ
Drug Procedure | range, A b r
Hg/mL | pg/mL
Hg/ml

S I 0.4-1.6 | 0.0097 1.889 0.9999 | 0.013 | 0.026

Xipamide
" 6-16 0.0132 0.038 0.9995 | 0.398 | 1.327
) I 0.4-1.6 | 0.0046 1.785 0.9998 | 0.019 | 0.038

Clopamide
Hel I 2-7 0.0010 0.133 0.9999 0.057 | 0.188
11 4-12 0.24 3.78 0.9999 0.217 | 0.430
I 1.2-32 | 0.0931 3.985 0.9990 | 0.142 | 0.276

Indapamide
" 7.5-20 | 0.0062 0.036 0.9999 | 0.413 | 1.377
| 12-4 0.0135 4.961 0.9989 0.117 | 0.230

Hydrochloro-
I 2-7 0.0020 0.116 0.9998 0.125 | 0.417

thiazide

Il 2-6 1.06 3.38 0.9995 | 0.243 | 0.474

| 0.3-0.9 | 0.0026 1.090 0.9998 | 0.012 | 0.023
I 7.5-20 | 0.0010 0.034 0.9997 | 0.415 | 1.385

Chlorthalidone

Hydroflume- | 0.6-1.6 | 0.0187 2.155 0.9997 0.035 | 0.070
thiazide 11 2-6 0.16 6.53 0.9990 | 0.329 | 0.634
| 0.8-3.2 | 0.0282 3.794 0.9999 0.027 | 0.053

Bendroflume-
I 3-7 0.0018 0.075 0.9996 | 0.183 | 0.610

thiazide

11 2-6 0.56 7.29 0.9992 0.310 | 0.600
| 0.8-3.2 | 0.0149 3.814 0.9998 | 0.038 | 0.076

Benzthiazide

I 3-8 0.0067 0.063 0.9996 | 0.207 | 0.690

a, intercept; b, slope; r, correlation coeffecient; LOD, limit of detection; LOQ,
limit of quantitation.
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Scheme |: Suggested mechanism for the reaction of studied drugs with hydroxyl-
amine followed by ferric chloride.

reported methods were applied to the values (95% confidence) of both the
determination of the studied drugs in proposed and reported methods. This
tablets (Table 4). The t- and F-testes finding indicates similar precision and
showed no significant differences accuracy.

between the calculated and theoretical



by the proposed and reported methods.
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Table4: Determination of the cited drugs in their pharmaceutical preparations

Drug Par ;,“rf;jﬁ;t'ca' Parameters | | I 1l 'fgﬁggf
Hydrochloro- Capozide X 100.6 | 99.86 | 99.90 99.48
thiazide + S.D% +1.75 | +£0.87 | +0.86 +1.25
t 1.28 0.61 0.72
F 1.98 2.04 3.33
Chlorthalidone | Blokium Diu X 98.57 98.49 98.35
+SD. +1.39 +1.43 +1.17
t 0.29 0.19
F 1.42 1.49
Clopamide Brinerdine X 99.81 | 99.91 | 98.98 99.39
+SD. +1.20 | +0.72 | +1.11 10.61
t 0.75 1.36 0.79
F 3.88 1.14 3.29
Indapamide Natrilex X 97.93 | 9881 97.91
+SD. +1.46 +1.46 +1.29
t 0.03 1.13
F 1.29 1.29
Xipamide Epilacton X X 99.37 | 99.06 99.01
+SD. +0.85 | +1.05 +1.69
t 0.47 0.06
F 3.91 2.58

®Six determinations were used for both reported and proposed methods.

OReferences 50, 51 and 52

The tabulated values of t and F at 95% confidence limit aret = 2.23 and F = 5.05

Method |1

The interaction of most studied
drugs, bendroflumethiazide, benz-
thiazide, chlorthalidone, clopamide,
hydrochlorothiazide, indapamide and
xipamide with potassium ferricyanide
in acidic aqueous medium gave a
bluish green coloured product with a
strong absorption maximum at 720
nm. The absorption spectrum of the
interaction product of potassium
ferricyanide with xipamide as a
representative example for the studied
drugsis shown in Figure 8.
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Factors affecting color
ment

A preliminary investigation was
carried out to determine the optimum
conditions for the color formation for
the studied drugs.

develop-

Effect of
concentration
The absorption intensity increases
by increasing concentration of sodium
hydroxide and reaches its maximum
value at 1.0 mL of 8.0 M per 10 mL
of final solution, after which no
further increase was observed (Fig.9).

sodium  hydroxide



Absorbance

200 297 393 580 900
W avelength (nm)

Fig. 8: Absorption spectra of 6 pg/mL potassium ferricyanide (1), 4 po/mL
xipamide (I1) , and 0.8 pg/mL ferricyanide-drug complex (I11).

0.6 -
—@— Hydrochlorothiazide (4)
0.5 4 —B8— Bendoflumethiazide (4)
—a— Clopamide (4)
® 0.4 4 —— Benzthiazide (4)
% —¥— Xipamide (8)
2 0.3 - —@— Chlorthalidone (10)
283: —4— Indapamide (10)

ol &

0.2 0.4 0.6 0.8 1 12 14
Volume of 8.0 M sodium hydroxide (mL)

Fig. 9: Effect of sodium hydroxide concentration on the reaction between the
investigated drugs (ug/ml) and potassium fericyanide reagent.
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Effect of potassum ferricyanide
concentration

The absorption intensity increases
by increasing concentration of
potassium ferricyanide and reaches its
maximum value at 1.0 mL of 0.01 M
per 10 mL of fina solution, after
which no further increase occurs.
Higher concentrations are not
recommended to avoid high
absorption intensity of the reagent
blank (Fig. 10).

Effect of temperature

The intensity of absorption of the
coloured products increases on
increasing temperature of heating
with sodium hydroxide and potassium
ferricyanide. The best result was at
boiling point (Fig. 11).

Effect of heating time

The intensity of absorption of the
coloured products increases on
increasing time of heating on boiling
water bath with sodium hydroxide
and potassium ferricyanide. Optimum
heating time was attained after 45
minutes for all of the studied drugs
(Fig. 12).

Effect  of
concentration
The absorption intensity of the
resulting products increases by
increasing concentration of
hydrochloric acid and reaches its
maximum value at 1.0 mL of 8.0 M
per 10 mL of final solution, after

hydrochloric  acid

0 o] 0
o \// %
/ ~
H,N

NH
+ H,0
Cl

=z
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which the absorption intensity
decreases. Higher concentrations are
not recommended because the
reaction completely depends upon
hydrogen ion concentration (Fig. 13).

Effect of development time

The  reaction time  after
neutralization was determined by
following the color development at
room temperature (25 + 5°) at 720
nm. The reaction of potassium
ferricyanide with each of the studied
drugs exhibits higher color intensity
when the reaction mixture was diluted
to volume directly before
measurement. Optimum reaction time
was attained after 20 minutes for all
of the studied drugs and the color
remained stable for further 15
minutes for al of the studied drugs
(Fig. 14).

Stoichiometric study

Using job’s method of continuous
variation, the molar ratio of potassium
ferricyanide to each of the
investigated drugs was 3:1.

Suggested reaction mechanism

It is well known that thiazide and
thiazide-like  diuretics  hydrolyze
easily  specialy in alkaline
medium.>*** For instance, hydro-
chlorothiazide hydrolyzes to vyield
formaldehyde  and 4-amino-6-
chlorobenzene-1,3-disulphonamide as
shown in the following equation:

o. 0
\\s//
SNH,
+ HCHO

0

o\//
/

H,N

Cl NH,



0.6 -

0.5 -

0.4 4

0.3 -

Absorbance

0.2 {

—e— Hydrochlorothiazide (4)
— g Bendoflumethiazide (4)
—a— Cloparmide (4)

—y¢— Benzthiazide (4)

—x— Xipamide(8)

_e— Chlorthalidone (10)
—+— Indaparide (10)

0.1 -

0.2 0.4 0.6 0.8 1 12 14

Volume of 0.01 M potassium ferricyanide (mL)

Fig. 10: Effect of potassium ferricyanide concentration on the reaction between
the investigated drugs (pg/ml) and potassium ferricyanide reagent.
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Fig. 11: Effect of temperature on the reaction between the investigated drugs

(1g/ml) and potassium ferricyanide reagent.
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Fig. 12: Effect of heating time on the reaction between the investigated drugs
(1g/ml) and potassium ferricyanide reagent.
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Fig. 13: Effect of hydrochloric acid concentration on the reaction between the
investigated drugs (ug/ml) and potassium ferricyanide reagent.
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Fig. 14: Effect of development time on the reaction between the investigated
drugs (ug/ml) and potassium ferricyanide reagent.

Thisis areversible reaction and in
the presence of ferricyanide that
oxidizes formaldehyde, the reaction is
drawn to the right and complete
hydrolysis can occure, that is why
ferricyanide is added with alkali
during hydrolysis.

)
o Y
s SG-
G
H,N )
cl )
H
5 _
o/ N
S 5a
DON
H,N | -
+
cl T=CHZ
H

HCHO + 2 [Fe (CN)g]* + H,0 =
HCOOH + 2 [Fe (CN)g]* + 2H*

Ring opening can occur via another
pathway:

0 o 0
N (%
/ SNH :
H,N )
®
cl N
H
O 0
N A
/ “SNH,
H,N |
cl N=CH;
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The two hydrolysis products can
interact with each other asfollows:

AV
b < o/ A’
N NH, /s S\NH2
+ N ‘
Cl NH,
l a N=CH,
o]
/ AV

QP

This addition product which is
very similar to one of impurities
found in hydrochlorothiazide (B.P) is
oxidized under the influence of
ferricyanide to the following dye,

which is the chromogen being
measured in the proposed assay:
O Q

SN N QP

/ [o) S\
HN % NH,

a NN NH,

H
(e}

Method 111

The investigated thiazide and

thiazide-like diuretics have weak
native fluorescence. However in this
work, the investigated drugs
(bendroflumethiazide, hydrochloro-
thiazide, hydroflumethiazide and
clopamide) reacted with 4-chloro-7-
nitrobenzofurazan to give 4-
disubstituted amino-7-nitrobenzo-
furazan (yellow fluorescence) and can
be measured at (excitation at 470 nm
and emission at 535 nm). Neither 4-
chloro-7-nitrobenzofurazan nor any
of the studied drugs has excitation
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and emission at these wavelengths.
Figure (15) shows the excitation and
emission spectra of the interaction
product of hydrochlorothiazide as a
representative example and 4-chloro-
7-nitrobenzofurazan.

Factors affecting color
ment

A preliminary investigation was
carried out to determine the optimum
conditions for the fluorophore
formation for the studied drugs.

develop-

Effect of heating temperature

The relative fluorescence intensity
of the resulting products increases on
increasing temperature of heating of
the drug with 4-chloro-7-nitrobenzo-
furazan to form yellow fluorescence.
Optimum temperature was found to
be 65° for al of the studied drugs
(Fig. 16).

Effect of heating time

The relative fluorescence intensity
of the resulting products increases on
increasing time of heating of the drug
with 4-chloro-7-nitrobenzofurazan to
form yellow fluorescence. Optimum
heating time for al of the studied
drugs was 45 minutes (Fig. 17).

Effect of 4-chloro-7-nitrobenzo-
furazan concentration

The relative fluorescence intensity
of the interaction products increases
by increasing concentration of 4-
chloro-7-nitrobenzofurazan and
reaches its maximum value at 1.0 mL
after which no further increase was
observed. Higher concentrations are
not recommended (Fig. 18).
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50 — — — - Excitation
Emisson
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350 423 497 572 646

Wavelength (nm)

Fig. 15. Excitation and emission spectra of hydrochlorothiazide (4 pg/mL)-4-
chloro7-nitrobenzofurazan condensation product in ethanol.
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Fig. 16: Effect of temperature on the reaction between the studied drugs (ug/ml)
and NBD-CI in ethanol.
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Fig. 17: Effect of heating time on the reaction between the studied drugs (pg/ml)
and NBD-ClI in ethanol.
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Fig. 18: Effect of NBD-Cl concentration on the reaction between the studied
drugs (ug/ml) and NBD-CI in ethanol.



Effect of diluting solvent

The effect of various solvents of
different polarities on the relative
fluorescence intensities of the formed
products was studied. Ethanol was
found to be an ideal solvent for the
formation of 4-disubstituted-7-nitro-
benzofurazan. Methanol, dimethyl-
formamide, dimethylsulphoxide and
water gave lower relative
fluorescence intensities.

Stoichiometric study

Using job’s method of continuous
variation, the molar ratio of 4-chloro-
7-nitrofurazan to each of the
investigated drugswas 1:1.

Suggested reaction mechanism
The mechanism of reaction is
based on the interaction between the

secondary amine moiety of the chosen
drugs and NBD-CI to form yellow
fluorescent products as shown in
schemelll.

Conclusion

The proposed methods are simple,
rapid and more sensitive than the
official methods. Moreover, they can
be applied to the quality control
analysis of the studied drugs either in
pure form or in combined dosage
forms without interference. In
addition to spectrophotometry and
spectroflurimetry,  infrared  and
'HNMR spectroscopy could aso be
used to study the possible site of
interaction between hydroxylamine
and the investigated drugs.

H
Rg N R3
O,N cl
H,NO,S sC H

A

Thiazides

\
N

4-Chloro-7-nitrobenzofurazan

Schemell:

Y ellow flourescent product

Suggested reaction mechanism for the reaction of studied drugs

with NBD-Cl.
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