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INTRODUCTION

Pipazethate hydrochloride (PiCl), 10H-pyrido[3,2-
b][1,4]benzothiadiazine-10-carboxylic acid 2-(2-
piperidinoethoxy)ethyl ester[1] is a bronchodilator that
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suppresses irritative and spasmodic cough by inhibiting
the excitability of the cough center and the peripheral
neural receptors in the respiratory passage. The response
to the drug takes about 10�20 min and lasts for 4�6 h

(SCHEME 1). Pipazethate has been determined using
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ABSTRACT

Four simple, sensitive and reproducible spectrophotometric methods for
the determination of some Anti-tissuve drugs, pipazethate hydrochloride
(PiCl), dextromethorphan hydrobromide (DEX) and butamirat citrate (BT) in
bulk samples and in pharmaceutical formulations are described. The first
and second methods, are based on the charge-transfer complex formation
of DEX and BT as n-donors and 2,3-dichloro-5,6 dicyano-p-benzoquinone
(DDQ) or p-chloranilic acid (p-CA) as -acceptors to give highly coloured
species. The coloured products are measured spectrophotometrically at
465 and 462 for DEX and BT, respectively using DDQ (Method A) and at
530 and 525 nm for DEX and BT nm, respectively using p-CA (Method B).
The third method is based on the oxidation of the studied drugs with ammo-
nium metavanadate in sulphuric acid medium resulting in the development
of a greenish blue colour at 759, 765 and 766 nm for PiCl, DEX and BT,
respectively (Method C). The fourth method is based on the formation of
an ion-association complex with alizarin red S as chromogenic reagents in
acidic medium, which is extracted into chloroform. The complexes have a
maximum absorbance at 425 and 428 nm for DEX and (PiCl or BT), respec-
tively (Method D). Regression analysis of Beer-Lambert plots showed a
good correlation in the concentration ranges of 20-240g ml-1 for DDQ
(Method A), 30-360g mL-1 for p-CA (Method B), 0.05-0.6 mg mL-1 for am-
monium metavanadate (Method C) and 2.0-24g mL-1 for alizarin red S
(Method D). For more accurate analysis, Ringbom optimum concentration
ranges were calculated. The molar absorptivity, Sandell sensitivity, detec-
tion and quantification limits were calculated. Applications of the proce-
dures to the analysis of various pharmaceutical preparations gave repro-
ducible and accurate results. Further, the validity of the procedures was
confirmed by applying the standard addition technique.
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a limited number of techniques including spectropho-
tometry[2-6], TLC[7], HPLC[8], Conductimetry[9] and
ISE[10]. PiCl was used in determination of Mo (VI) in
alloy steels and soil samples[11].

Dextromethorphan hydrobromide (DEX), [(+)-3-
Methoxy-17-methyl-9, 13, 14-morphinan
hydrobromide monohydrate] is a cough suppressant,
used for the relief of non-productive cough; it has a
central action on the cough centre in the medulla[12]

(SCHEME 1). Different methods reported for the de-
termination of DEX in the bulk drug, in the dosage forms
with other drugs in cough-cold products and in biologi-
cal samples. HPLC have been reported[13,14], spectro-
photometry[4,5], the first and second-derivative technique
UV-spectrophotometry[15-18], capillary electrophore-
sis[19,20], GC[21] and LC[22,23].

Butamirate citrate, 2-(2-diethylaminoethoxy)ethyl
2-phenyl butamirate dihydrogen citrate (BT), is widely
used as a central cough suppressant[24,25]. The drug is
not described officially in any pharmacopoeia. A litera-
ture survey revels that a few previous methods are de-
scribed in the literature referring to both the relative
bioavailability of different butamirate citrate prepara-
tions after single dose oral administration[26], the deter-
mination of compound using an optical compensation
method[27] and determination of butamirate citrate in
cough preparations by derivative UV spectrophotom-
etry and HPLC[28].

In the present investigation, we investigate the de-
velopment of three accurate, reproducible and ad-
equately sensitive spectrophotometric methods for de-
termination PiCl, DEX and BT based on the formation

of charge-transfer complex of DEX and BT with 2,3-
dichloro-5,6 dicyano-p-benzoquinone (DDQ) (Method
A) and p-chloranilic acid (p-CA) (Method B), on the
oxidation of the three studied drugs with Ammonium
vanadate in sulphuric acid medium (method C) and on
the formation of ion-association complexes between the
three studied drugs and alizarin red S under reaction
conditions used (method D). The proposed methods
have been successfully applied in pure and in pharma-
ceutical formulations and favorably comparable with
those of the official or reported methods.

EXPERIMENTAL

 Apparatus

All the absorption spectral measurements were
made using Kontron 930 (UV-Visible) spectrophotom-
eter (German) with scanning speed 200 nm/min, and
band width 1.0 nm equipped with 10 mm matched
quartz cells.

Hanna pH-meter instrument (Portogal) (HI: 9321)
was used for checking the pH of acetate buffer solu-
tions of pH values 2.50-5.6 were prepared as recom-
mended previously[29].

Material and reagents

All chemicals used were of analytical grade, and all
of the solutions were freshly prepared in doubly dis-
tilled water.

Materials

 Pure grade pipazethate hydrochloride and its phar-
maceutical preparations (Selgon, tablets 20 mg and
drops 40 mg/ml) were provided by the Egyptian In-
ternational Pharmaceutical Industries Company
(EIPICO), Egypt.

 Pure Dextromethorphan HBr (DEX) and its phar-
maceutical preparations, Tussilar tablets(10 mg) and
Tussilar drops (1.0 g DEX /15 mL) kindly supplied
by Kahira Pharm. & Chem. Ind. Company, Egypt.

 Pure grade butamirat citrate and its pharmaceutical
preparations (Sinecod, drops 5 mg/ml)was kindly
donated by NORVATIS PHARMA S.A.E., Egypt,
under licence from Norvatis Consumer Health SA,
Nyon, Switzerland.
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SCHEME 1: Chemical structure of the drugs under study
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Standard solutions

For methods A and B

Standard stock solutions of DEX and BT were pre-
pared by dissolving 50 mg in 5.0 mL acetonitrile and
the volume was diluted to the mark in a 100 mL cali-
brated flask with the same solvent.

For methods C and D

Stock solution of PiCl, DEX and BT (1.0 mg ml-1)
was freshly prepared by dissolving 100 mg of pure ma-
terial in 20 ml bidistilled water and completed to 100
ml with bidistilled water in 100 ml calibrated flask.
Working solutions were obtained by further dilution of
the stock solutions with water.

Reagents

 2,3-dichloro-5,6 dicyano-p-benzoquinone (DDQ),
2 mg ml-1 (Merck-Schuchardt, Munich, Germany)
and p-CA, 4 mg ml-1 (Fluka, Switzerland) and (510-

3 M) from both reagents in acetonitrile and the solu-
tions were freshly prepared (daily).

 Ammonium metavanadate, 3 % w/v solution, pre-
pared by dissolving 3 gm in boiling 50% v/v sulphuric
acid and diluting to 100 mL with the same solvent.

 Alizarin red S, 3,4-dihydroxy-9, 1-dioxo-2-an-
thracene sulfonic acid (I). A stock solution (2 x 10-3

M) was prepared by dissolving the appropriate
weights of ARS in doubly distilled water. Chloro-
form (Aldrich).

General procedures

Methods A (Using DDQ)

Aliquots of the standard solutions of DEX and BT
containing (0.2-1.8) and (0.2-2.4 mg) of DEX and BT,
respectively were transferred into in a 10-ml calibrated
flask. Add 2 ml 0.25% of reagent solution and heat in a
water-bath at 60  20C for 10 and 15 min for DEX
and BT, respectively. Cool and then dilute to volume
with acetonitrile and measure the absorbance at 465
and 462 nm for DEX and BT, respectively against a
reagent blank prepared in the same manner.

Methods B (Using p-CA)

Aliquots of the standard solutions of DEX and BT
containing (0.4-3.6 mg) and (0.3-2.7 mg) of DEX and
BT, respectively were transferred into in a 10-ml cali-

brated flask. Add 2.5 and 3 ml 0.25% of reagent solu-
tion and heat in a water-bath at 60  20C for 10 min for
DEX and BT, respectively. Cool and then dilute to vol-
ume with acetonitrile and measure the absorbance at
525 and 530 nm for DEX and BT, against a reagent
blank prepared in the same manner.

Methods C (Using ammonium metavanadate)

Aliquots of standard solution equivalent to 0.5-5.0
mg DEX, 1-6 mg PiCl and 0.5-4.5 mg BT were trans-
ferred into a 10 mL volumetric flask. 3 and 2 mL of 3 %
w/v ammonium metavanadate for DEX and (PiCl or
BT), respectively were added followed by 2 mL of con-
centrated sulphuric acid. The mixture was mixed well
and boiled gently for 10 and 20 min for (DEX or BT)
and PiCl, respectively in water bath. The mixture was
cooled and diluted to volume with bidistilled water and
The absorbance was measured at 759, 765 and 766
nm for PiCl, DEX and BT, respectively against blank
(omitting the addition of drug).

Method D (Extractive method using ARS)

A 0.2-2.4 mL portions of 100g mL-1 DEX, PiCl
and BT were transferred into a series of 50 ml of sepa-
rating funnels; then 3 mL of acetate buffer of pH 3.2
and 3.0 and 3.0 mL of (2  10-3 M) ARS for DEX and
(PiCl or BT), respectively were added. The total vol-
ume was adjusted to 10 mL by adding distilled water.
Two 5 mL portions of chloroform was added to each
separating funnel and the contents were shaken for ex-
actly 2.0 min. The two phases were allowed to sepa-
rate and the chloroform layer was passed through an-
hydrous sodium sulphate and the absorbance was mea-
sured at 425 and 428 nm for DEX and (PiCl or BT),
respectively against the reagent blank (omitting the ad-
dition of drug). A calibration graph was drawn or re-
gression equation calculated.

Applications for pharmaceutical formulations

Procedure for tablets

At least ten tablets of the studied drugs were
weighed into a small dish, powdered and mixed well. A
portion equivalent to 10 mg was weighed and dissolved
in 100 mL distilled water (Methods A and B) and ac-
etonitrile (Method C and D), shaken well and filtered
through a sintered glass crucible (G4). An aliquot of the
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dug solution was then treated as described above.

Procedure for drops

The contents of 5.0 bottles of drops of the studied
drugs were mixed. An accurate volume equivalent to
1.0 g of DEX, 40 mg of PiCl and 5 mg of BT was
transferred to a 100 ml measuring flask and completed
to the mark with bidistilled water (Methods A and B)
and acetonitrile (Method C and D). This solution was
further diluted stepwise to the requisite concentration
100g ml-1 of the studied drugs with the same solvent
and analyzed as described under the general proce-
dure described above.

Stoichiometric relationship

Job�s method of continuous variations was em-

ployed a 1  10-3 M standard solution of DEX, PiCl
and BT and 110-3 M solution of ARS or 5  10-3 M
standard solution of DEX and BT and 510-3 M solu-
tion of DDQ or p-CA under consideration were used.
A series of solutions were prepared in which the total
volume of drug and reagent was kept at 2.0 ml. The
reagents were mixed in various proportions and diluted
to volume in a 10-ml calibrated flask with the appropri-
ate solvent following the above mentioned procedures.

RESULTS AND DISCUSSION

Method A and B (charge transfer methods)

The selected drugs were considered as electron-
donors when they reacted with selected acceptors
(DDQ and p-CA). they produce a new band of ab-
sorption intensity at a suitable 

max
. which was charac-

teristic for each complex. These new bands wee used
for a quantitative determination of them (TABLE 1).
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selected for construction of Beer�s plot (Figure 1). The

predominant colour with DDQ is from the orange-red
radical anion DDQ-, which was probably formed by
the dissociation of an original donor-acceptor (DA)
complex with the cited drugs.

Polar solvent

DA complex
+  A *D*(D** -A)D * + A

In addition to the DDQ radical anion, the reaction
of the cited drugs with p-CA results in the formation of
an intense purple colour with a maximum absorption at
525-530 nm (Figure 2). The experimental conditions
should be carefully selected.

Choice of solvent

Different solvents such as acetone, methanol, etha-
nol, methylene chloride, acetonitrile and chloroform

The reaction of DEX and BT with DDQ results in
the formation of an intense orange-red colour, which
exihibits three maxima at 580, 545 and 465 for DEX
or at 578, 546 and 462 nm for BT. The 465 and 462
nm bands, having the highest absorption intensity, was
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Figure 1: Absorption spectra of reaction products of DDQ
with 40 g ml-1 DEX and 100g ml-1 BT against blank
solution
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Figure 2: Absorption spectra of reaction products of p-CA
with 80g ml-1 DEX and 150g ml-1 BT against blank
solution.
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were examined. Acetonitrile afforded the maximum sen-
sitivity when compared to all solvents examined, a prop-
erty, which is known to promote the dissociation of the
original charge-transfer complexes to the radical ions.

Effect of acceptor concentration

The optimum concentrations that give maximal
colour formation in case of DDQ method was 2.0 ml of
0.2% w/v DDQ solution in acetonitrile. While for p-
CA 2.5 and 3.0 ml of 0.25% w/v p-CA solution in
acetonitrile were found to be sufficient for the produc-
tion of maximum and reproducible colour intensity. Higher
concentrations of the reagent did not affect the colour
intensity with DEX ad BT, respectively (TABLE 1).

Effect of time and temperature

The optimum reaction time was determined by fol-
lowing the colour intensity at ambient temperature (25
±20C). Complete colour development was attained af-
ter 45 min for DDQ and 50 min for P-CA complexes.
On raising the temperature to 60 20C for 10-15 min
using DDQ and 10 min using P-CA, the complete colour
development was obtained (Figure 3). The colour re-
mained stable for 2.5 and 3.0 h for DDQ and P-CA
reagent complexes.

Methods C (Using ammonium metavanadate)

The method has been used for the quantitative de-
termination of DEX, PiCl and BT by oxidation with
ammonium metavanadate in sulphuric acid medium re-
sulting in the development of greenish blue colour at
759, 765 and 766 nm for PiCl, DEX and BT, respec-
tively which was attributed to the vanadium (IV) pro-
duced by reduction of vanadium (V) by the selected
drug (Figure 4). The optimum conditions for the forma-
tion of  greenish blue colour were studied:

Effect of reagent concentration

It was found that 3 and 2 mL of 3 % w/v ammo-
nium metavanadate was the most suitable concentra-
tion for carrying out the assay for PiCl and (DEX or
BT), respectively (Figure 5).

Effect of heating time

Gentle boiling on a water bath for 5-30 min. showed
that 20 min was sufficient to produce maximum colour
intensity for DEX, PiCl and BT, respectively(Figure 6).
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Figure 4: Absorption spectra of reaction product between;
a- 1 mL of 1 mg mL-1 DEX and 3 mL of 5 % w/v ammonim
vanadate (_____), b- 1 mL of 1 mg mL-1 PiCl and 2 mL of 5 %
w/v ammonim vanadate (���), c- 1 mL of 1 mg mL-1 BT
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Figure 3: Effect of time on the colour intensity at 60°C for
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98% v/v) were tried and it was found that 2 mL of
concentrated sulphuric acid (98%) gave best results.

Method D (Extractive method using ARS)

Ion-pair complex extraction spectrophotometry has
been frequently used for the quantitative determination
of many pharmaceutical compounds. Therefore, in the
present investigation, ARS as an anionic dye forms a
yellow coluored ion-pair complex with PiCl, DEX and
BT in acidic pH, which is extracted into chloroform
and can be measured at 425 and 428 nm, DEX and
(PiCl or BT), respectively (Figure 7).

Effect of pH

The effect of pH was studied by extracting the
coloured complex in the presence of various buffers
such as NaOAc-HCl (pH=1.99-4.92), NaOAc-
AcOH (pH=2.5-5.5) and potassium hydrogen phtha-
late�HCl (pH=2.2-4.6). The results are shown in (Fig-

ure 8.) The resulting data at higher pH values shows
that the extract of ion-pair extraction decreases drasti-
cally, most probably due to the interference of the H3O+

and ARS, and as a result diminishes the complexation
power. Thus, the maximum colour intensity and con-
stant absorbance were observed in acetate buffer
(NaOAc-AcOH) of pH 3.2 and 3.0 for DEX and (PiCl
or BT), respectively with a buffer volume of 3.0 ml of
buffer for final 10 mL solution was used in further stud-
ies (Figure 8).

Choice of organic solvent

The effect of the extracting solvent used both on
extraction efficiency and colour intensity was examined.
Chloroform, dichloromethane, dichloroethane, toluene
and carbon tetrachloride proved useful solvents; chlo-
roform was selected due to the more stability of the
extracted coloured  product and considerably lower
extraction abilities of the reagent blank. Consequently
The optimum volume of the organic phase and the num-
ber of extraction times were also studied. Maximum
absorbance was obtained by using 10 mL of chloro-
form during two 5 mL steps extraction.

Effect of shaking time

The extraction was studied by shaking different
samples on a shaker and varying the shaking time for
0.5-5.0 min for the ion pair complexes. It was found
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Figure 6: Effect of heating time on the absorbance of the
cited drugs (1 mg mL-1) with  and 3 % w/v ammonim vana-
date
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that the absorbance remained constant over this time
period for all systems. A shaking time of 2.0 min was
adopted for all extractions. It was further observed that
the yellow extracts remained stable for at least 24 h.

The intensity of ion-pairs extraction were found to be
stable in the temperature range 20-400C. Hence room
temperature (25  20C) was used.

Effect of reagent concentrations

The influence of the concentration of the ARS solu-
tion on the extraction of DEX, PiCl and BT was stud-
ied. The result obtained from the extraction of 10g
mL-1 drugs in the presence of various concentrations of
ARS showed that the absorbance values of ion-pair
complex in organic phase increases with the increasing
of ARS in the aqueous phase. A maximum extraction of
ion-pair complexes occurs when the volume of reagent
reaches to 3.0 and 2.0 mL of (2.010-3 M) ARS for
(DEX or PiCl) and BT, respectively. A further excess
of the reagent has no considerable effect on the fraction
of the complex extracted (Figure 9).

Sequence of addition

 The optimum sequence was defined by following
to colour intensity and maximum absorbance on chang-
ing the sequences of addition of drug, reagent and buffer.
The best condition was �drug-reagent-buffer-solvent�

for the highest absorbance and stability. Other sequences
needed longer time in addition to lower stability.

Stoichiometric ratio

The stoichiometric ratio of the reactants was deter-
mined by molar ratio and continuous variation meth-
ods[30,31]. Job�s continuous variation graph for the reac-

tion between DEX and BT and DDQ or P-CA reagents
shows that the interaction occurs on an equimolar ba-
sis. The reaction occurs through the formation of a
charge-transfer complex (1:1) (Figure 10). The results
obtained showed that the composition of the ion-pair
complex was equimolar (1:1) (drug : reagent) are given
in (Figure 11).

Interferences

To test the efficiency and selectivity of the proposed
analytical methods to pharmaceutical formulations, a
systematic study under the optimum experimental con-
ditions was made for the effect of the additives and
excipients (e.g. lactose, glucose, fractose, calcium hy-
drogen phosphate, magnesium stearate and starch) that
are usually present in dosage forms. The criterion of
interference was an error of not more than ±3.0% in
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Figure 9: Effect of ARS reagent on the absorbance of the
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Figure 10: Continuous variation graph for the reaction of
the studied drugs complexes with: a- DEX-DDQ, b-BT-
DDQ,  a�- DEX-p-CA, b�- BT-p-CA
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absorbance. Experiments showed that there was no
interference from additives and excipients, for the ex-
amined methods. Also, there was no interference from
common degradation products results from oxidation
of DEX, PiCl and BT or from thermal and hydrolytic
degradation, which are likely to occur at normal stor-
age condition.

Analytical data

A calibration graph was constructed using a stan-
dard solution of PiCl, DEX and BT. Under the opti-
mum experimental conditions, a linear relationship ex-
isted between the absorbance and concentration of the

drugs in the concentration ranges listed in (TABLES 1
and 2)[32]. The correlation coefficients, intercepts and
slopes of the calibration graph for the studied drugs are
calculated. For more accurate results, Ringbom opti-
mum concentration ranges are calculated and listed in
(TABLES 1 and 2). The detection limit was also deter-
mined (3 s/m), where s=standard deviation of the blank
and m=slope of the calibration graph according to
IUPAC definitions[33].

The mean molar absorptivity and Sandell sensitiv-
ity as calculated from Beer�s law are presented in

(TABLES 1 and 2). In order to determine the accuracy
and precision of the method, solutions containing four

TABLE 1: Optimum conditions for the colour development of DEX and BT using DDQ and p-CA methods

DDQ p-CA 
Parameters 

DEX BT DEX BT 
Conc. Of acceptor (% w/v) 2.0 ml 0.2% 2.0 ml 0.2% 2.5 ml 0.25% 3.0 ml 0.25% 
Reaction time (min) at (60± 2° C) 10 15 10 10 
Stability of the complex 2.5 hours 2.5 hours 3.0 hours 3.0 hours 
max (nm) 465 462 525 530 
Beer's law limits ìg ml-1 20-180 20- 240 40-360 30- 270 
Ringbom optimum range ìg ml-1 28-160 30-200 55-320 45-240 
Molar absorpitivity (L mol-1 cm-1)  103 2.79 2.49 1.01 1.896 
Sandell,s Sensitivity, g cm-2 0.133 0.20 0.367 0.26 
Detection limits  g ml-1 0.31 0.36 0.26 0.42 

Regression equation* 
Slop (b) 0.0059 0.0035 0.0021 0.0029 
Intercept (a) 0.0973 0.0936 0.0673 0.0764 
Correlation coefficient (r) 0.9997 0.9995 0.9993 0.9991 
% Relative standard deviationa 0.69 1.023 1.196 1.263 
*:A = a + b C, where A is the absorbance, a is the intercept, b is the slope and C is the concentration of drug in ìg ml-1. aRelative
standard deviation for six determinations.

Ammonium vanadate ARS Parameters 
DEX PiCl BT DEX PiCl BT 

pH
Conc. sulphuric 

acid 
Conc. sulphuric 

acid 
Conc. sulphuric 

acid 
3.2 

 
3.0 

 
3.0 

max (nm) 765 759 766 425 428 428 
Beer's law limits 0.05-0.5 mg ml-1 0.1- 0.6 mg ml-1 0.05-0.45mg ml-1 2.0-24 g ml-1 2.0- 20 g ml-1 2.0-18 g ml-1

Ringbom optimum range 0.1-0.46mg ml-1 0.15-0.55 mgml-1 0.07-0.36mg ml-1 3.5-22 g ml-1 4.0 -18 g ml-1 3.0-16 g ml-1

Molar absorpitivity
(L mol-1 cm-1) 9.02102 7.076102 9.817102 2.234104 1.819104 3.092104 

Sandell,s Sensitivity, 
ng cm-2 0.411g cm-2 0.616g ml-1 0.509g ml-1 16.58 g cm-2 23.97 g cm-2 16.16 g cm-2

Detection limits 0.23 mg ml-1 0.21 mg ml-1 0.58 0.16 g ml-1 0.21 g ml-1 0.32 
Regression equation* 

Slop (b) 0.0022 0.0015 0.0014 0.0605 0.0425 0.0495 
Intercept (a) 0.0293 0.0252 0.080 0.0022 -0.0048 0.0733 
Correlation coefficient (r) 0.9991 0.9994 0.9990 0.9992 0.9997 0.9985 
% Relative standard 
deviation a

0.657 0.936 0.942 0.813 1.14 1.21 

TABLE 2 : Spectral characteristics of the coloured products of the studied drugs with with Ammonium vanadate and ARS

*: A = a + b C, where A is the absorbance, a is the intercept, b is the slope and C is the concentration of drug in g ml-1. a Relative
standard deviation for six determinations
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different concentrations of the studied drugs were pre-
pared and analysed in quintuplicate. The measured stan-

dard deviations can be considered satisfactory, at least
for the levels of concentrations examined. The repro-

TABLE 3: Evaluation of accuracy and precision of the proposed methods  for the studied drugs

DEX PiCl BT 
 

Reagents 
 
 Taken

 
Recovery

(%) 
RSD a

(%) 
Confidenceb

limits 
Taken 
 

Recovery
(%) 

RSDa

(%) 
Confidenceb 

limits 
Taken 
 

Recovery
(%) 

RSDa

(%) 
Confidenceb 

limits 
mg ml-1

0.2 
99.60 0.562 0.1990.001 

mg ml-1

0.1 
100.24 0.693 0.10030.0008

mg ml-1

0.1 
99.97 0.723 0.09990.0008

0.3 100.30 0.376 0.3010.0012 0.2 99.75 0.558 0.19950.0012 0.2 100.08 0.658 0.20020.0014

0.4 99.90 0.242 0.4990.0013 0.3 99.92 0.382 0.29980.0012 0.3 100.14 0.520 0.30040.0016

 
Ammonium 

Vanadate 

0.45 100.08 0.215 0.4500.001 0.4 
100.70 
 

0.26 
 0.40280.0011 0.4 

100.30 
 

0.314 
 0.40120.0013

 g ml-1

5.0 
100.20 0.72 5.01 0.038 

g ml-1

4.0 
99.95 0.56 3.9980.023 

g ml-1

4.0 
100.10 0.49 4.0040.021 

10 100.65 0.34 10.0650.036 8.0 99.80 0.48 7.9840.402 8.0 100.25 0.42 8.020.035 

15 99.93 0.30 14.990.047 12 100.20 0.22 12.0240.028 12 99.91 0.32 11.9940.0403
ARS 

20 99.85 0.27 19.970.057 16 99.55 0.21 15.9280.035 16 99.86 0.27 15.9780.0453

 g ml-1

40 
99.97 0.36 39.990.15      g ml-1

50 
99.95 0.42 49.9750.22 

80 100.35 0.21 80.28 0.177     100 99.75 0.34 99.750.356 

120 100.10 0.17 120.120.214     150 100.27 0.18 150.410.284 
DDQ 

160 100.4 0.12 160.640.202     200 99.15 0.11 198.30.229 

 g ml-1

50 
100.05 0.29 50.0250.152     g ml-1

50 
99.88 0.54 49.940.283 

150 99.83 0.20 149.750.314     100 100.07 0.47 100.070.494 

250 99.27 0.22 248.180.573     200 100.32 0.28 200.640.59 
p-CA 

350 99.65 0.15 348.780.549     250 99.59 0.13 248.980.34 

aRelative standard deviation for six determinations;  b95% confidence limits and five degrees of freedom.

TABLE 4: Determination of the studied drugs using the proposed methods compared with official or reference methods

Samples Official methods DDQ p-CA Ammonium vanadate ARS 
PiCl- Pure solution      
X ± SD 100.08 1.06   100.600.942 99.651.137 
N 6   6 6 
Variance 1.124   0.89 1.88 
SAE 0.433   0.385 0.56 
t-value (2.57)*    0.81 0.61 
F-value (5.05)*    1.27 1.15 
DEX-Pure solution      
X ± SD 99.88  0.783 99.28 0.69 99.241.196 99.350.653 100.300.815 
N 6 6 6 6 6 
Variance 0.613 0.476 1.43 0.426 0.664 
SAE 0.32 0.28 0.49 0.27 0.33 
t-value (2.57)*  1.28 1.00 1.16 0.83 
F-value (5.05)*  1.29 2.33 1.44 1.08 
BT- Pure solution      
X ± SD 99.42  1.72 101.11± 1.03 99.72 1.263 99.91 0.942 99.99  1.21 
N 6 6 6 6 6 
Variance 2.96 1.06 1.6 0.89 1.46 
SAE 0.702 0.42 0.516 0.385 0.494 
t-value (2.57)*  1.88 0.314 0.56 0.61 
F-value (5.05)*  2.79 1.85 3.33 2.02 
*Theoretical value at P= 0.05 at 95 % level & average of six determinations.
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ducibility of the procedure was determined by running
six replicate samples of the studied drugs. The analyti-
cal results obtained from this investigation are summa-
rized in (TABLE 3). The percentage R.S.D. (0.97 %)
can be considered to be very satisfactory.

Analytical applications

The proposed methods were successfully applied
to determine PiCl, DEX and BT in dosage forms. The
results obtained were compared statistically by
Student�s t -test (for accuracy) and variance ratio F-

test (for precision) with the official method obtained by
the pharmacopoeial methods for PiCl and DEX[1,12]

(based on potentiometric titration using 0.1 M sodium

TABLE 5: Determination of the studied drugs in pharmaceutical preparations using the proposed methods compared with
official or reference methods

Samples Official methods DDQ p-CA Ammonium vanadate ARS 
Selgon tablets      
X  SD 99.70  1.163   100.251.046 100.050.876 
N 6   6 6 
Variance 1.35   1.094 0.77 
SAE 0.475   0.43 0.36 
t-value (2.57)*    0.79 0.54 
F-value (5.05)*    1.24 1.76 
Selgon Drops      
X ± SD 100.50  1.364   100.151.058 99.961.172 
N 6   6 6 
Variance 1.86   1.12 1.37 
SAE 0.557   0.43 0.48 
t-value (2.57)*    0.45 0.70 
F-value (5.05)*    1.66 1.35 
Tussilar Tablets      
X  SD 98.92 0.854 100.03  0.92 99.55 1.084 99.800.661 99.601.15 
N 6 6 6 6 6 
Variance 0.73 0.85 1.18 0.44 1.32 
SAE 0.35 0.38 0.44 0.27 0.47 
t-value (2.57)*  1.98 1.021 1.82 1.06 
F-value (5.05)*  1.16 1.61 1.67 1.81 
Tussilar Drops      
X ± SD 99.22 1.39 100.15 1.07 99.86  0.974 100.021.31 99.561.58 
N 6 6 6 6 6 
Variance 1.93 1.145 0.95 1.72 2.50 
SAE 0.57 0.44 0.40 0.535 0.645 
t-value (2.57)*  1.19 0.84 0.94 0.36 
F-value (5.05)*  1.69 2.037 1.13 1.29 
Senicod Drops      
X ± SD 99.58 0.85 99.831.074 100.27 0.873 100.07 1.16 99.97  0.961 
N 6 6 6 6 6 
Variance 0.723 1.15 0.762 1.35 0.924 
SAE 0.35 0.44 0.356 0.474 0.39 
t-value (2.57)*  0.41 1.27 0.762 0.68 
F-value (5.05)*  1.6 1.055 1.86 1.28 
Theoretical value at P= 0.05 at 95 % level & average of six determinations.

hydroxide) and BT[24] (based on HPLC method) at 95%
confidence level with five degrees of freedom as shown
in (TABLES 4 and 5). The results showed that the t -
and F- values were less than the critical value indicating
that there was no significant difference between the pro-
posed and official methods. The proposed methods
were more accurate with high recoveries than the offi-
cial method so the proposed methods can be recom-
mended for routine analysis in the majority of drug quality
control laboratories.

CONCLUSION

All the proposed methods were advantageous over
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other reported visible spectrophotometric methods with
respect to their higher sensitivity, simplicity, reproduc-
ibility, precision, accuracy and stability of colored spe-
cies. The proposed methods can be applied for routine
analysis and in quality control laboratories for the quan-
titative determination of pipazethate hydrochloride
(PiCl), dextromethorphan hydrobromide (DEX) and
Butamirat citrate (BT) in bulk samples and in pharma-
ceutical formulations.
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