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Abstract

Simple and rapid spectrophotometric procedures have been established for quantitation of nefopam hydrochloride (NF) mebevrine hy-
drochloride (MB) and phenylpropanolamine hydrochloride (PP). The procedures are based on the reaction between the examined drugs (NF,
MB and PP) and alizarin (l), alizarin red S (Il), alizarin yellow G (lll) and quinalizarin (IV) producing ion-pair complexes which can be
measured at the optimum wavelength. The optimization of the reaction conditions is investigated. Beer’s law is obeyed in the concentration
ranges 0.5-30.@g ml~%. The molar absorptivity, Sandell sensitivity, detection and quantification limits are also calculated. The correlation
coefficient was>0.9988 { = 6) with a relative standard deviation (R.S.D.)=f.3, for six determinations of 40g mi~%. The methods are
successfully applied to the determination of NF, MB and PP in their pharmaceutical formulations.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction HPLC [11,12] TLC-denstitometry13] and gas chromato-
graphic mass spectrometric methdi4].

Nefopam hydrochloride (NF) (3,4,5,6-tetrahydro-5- Phenylpropanolamine hydrochloride (PP), 2-amino-1-
methyl-1-phenyl-1-H-2,5-benzoxazoncine  hydrochloride) phenyl-1-ol (14838-15-4) is a largely indirect acting sym-
(13669-70-0) is analgesic and anti-inflammatory aggtits pathomimetic agent and less active as a central nervous
It has some antichlolinergic and sympathomimetic actions stimulant [15]. Several methods have been reported for
[2]. It is used for the relief of acute and chronic pojgj. the quantitative determination of phenylpropanolamine
Several methods have been applied in the literature for thehydrochloride in pure and in dosage forms, including
determination of nefopam hydrochloride in dosage forms spectrophotometry16,17] capillary electro-phoresigl8],
and in biological fluids. The different techniques used in HPLC [19], MC [20] and fluorimetry]21].
this action include gas chromatogragdy5], spectrophoto- In order to continue our work for using different alizarin
metrically [6] and colorimetry[7]. compounds for drug analysi®2,23], a simple accurate,

Mebevrine hydrochloride (MB) acid 3,4-dimethoxybenz- economic, sensitive, more essential and less-time consum-
oic acid 4-(ethyl-2-(4-methoxyphenl)-1-methylethyl)amino) ing spectrophotometric method for the determination of the
butylveratrate hydrochloride (2753-45-9) is used as a drugs under investigation in pure and in their dosage forms
gastro-intestinal antispasmodic in conditions such as the ir-are performed.
ritable bomel ayndrm§8]. Many procedures are known for
the qualitative detection and for quantitative determination
of mebevrine hydrochloride. Among the several analytical 2
methods are spectrophotometricalBj, colorimetry [10], 21, Apparatus

. Experimental

* Corresponding author. Fax:20-13-222978. A JASCO 530V spectrophotometer with a 10 mm quartz
E-mail address: atefab@yahoo.com (S.A. Shama). cell was used for all spectrophotometric measurements
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and an Orion research model 601 A/digital ionalyzer was 2.4. Application to various dosage forms
used for checking the pH of phosphate buffer solutions of
pH values 2.0-12.0 prepared by the recommended method At least 10 tablets of the drug were weight into a small

[24]. dish, powdered and mixed well. A portion equivalent to
100 mg was weight and dissolved in 100 ml water, shaken
2.2. Reagents well and filtered through a sintered glass crucible G4. The

clear solution was diluted to 250 ml with water in a 250 ml

Alizarin, 1,2-dihydroxyanthraquinone (1), alizarin red S, cdibrated flask. The drug content of this solution was ob-
3,4-dihydroxy-9, 10-dioxo-2-anthracene sulfonic acid (Il), tined by applying the general procedure to aliquot contain-
alizarin yellow G, 5-(4-nitrophenylazo) salicylic acid (IIl) Ng30pgmi™ * of the drug as described above. For injection,
and quinalizarin 1,2,5,8-tetrahydroxy-anthraquinone (1V) the contents of five ampoules (100mg of NF) were quanti-
were Aldrich products and used without further purification. t@lively transferred into 250ml calibrated flasks completed
A stock solution (2x 10-3 M) was prepared by dissolving ~ t0 the mark with water. For syrup (PP), the same procedures
the appropriate weights of Il and Il in doubly distilled Were done.
water, while that for | and IV were dissolve@2,23] in . i , ,
slightly alkaline media (0.001 M NaOH). 2.5. Soichiometric relationship

Egyptian International Pharmaceutical Industrial Com-
pany, Egypt, supplied NF and MB and their pharmaceutical
formulations (i.e. Acupan injection and tablets (20 mg) and . ; .
Colospasmin tablets (135mg)). Glaxowellcome Company, \?\?gjggrneg;ﬁe\?vthi((l:;%)e\tlt\gglev%ﬁ?ﬁep\ofszrrlgg dsroelzl;gtjle%r':
Egypt supplied PP and its pharmaceutical formulations (i.e. wes kept &t 2.0ml. The reagents were mixed in various pro-

Flurest tablets (24 mg) and syrup (10 mg)). portions and diluted to volume in a 10ml calibrated flask
with the appropriate solvent following the above mentioned
procedures.

Job’smethod of continuous variation was employed, a2 x
10~3 M standard solution of NF, MB or PPand 2 x 10~3M

2.3. General procedure

An aliquot containing from 2.0 to 3@g of NF, MB and
PP were transferred into 10 ml calibrated flask 1.0ml of 3. Results and discussion
2 x 10-3M of reagents |, Il and IV for NF, PP and MB.
0.5 ml of Il for MB was added to each flask. Four milliliters  3,1. Optimization
of the optimum buffer media (phosphate) of the optimum
pH value for each system as recordedable 1and 2.0 mi Careful investigations were carried out to establish the
of acetone was added in case of NF with reagent Il and most favourable conditions to achieve maximum colour in-
2.0 ml of methanol was added in case of PP with reagents Itensity in the quantitative determination of the examined
and Il to achieve 20% (v/v) in the final assay solution. For drug (NF, MB and PP). The absorption spectra of NF, MB
each system, the optimum time and temperature as recorde@nd PP and their complexes with alizarin derivatives (I-1V)
in Table 1lis attained and completed each flask to 10 ml under the optimum conditions are shown in Figs. 1-3 and
with water. The absorbance was measured for each systenrecorded in Table 1. The absorption band of NF, MB and
at the optimum wavelengtfTéble ) against a reagent blank PP complexes are located at 566, 525, 410 and 582 nm, 553,
prepared in the same way without addition of the examined 483, 391 and 586 nm and 606, 576, 427 and 624 nm with

drug. reagents (1-1V), respectively. However, in al instances, the
20 |
15
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Fig. 1. Absorption spectra of the ion-pair of NF complexed with reagents (I-1V) against blank.



Table 1

Quantitative parameters for the complexation of NF, MB and PP with alizarin derivatives (1-1V)

Parameters NF MB PP
| I 11 v | I 11 A\ | 1 11 \%

pH 7.5 6.5 6.5 75 75 6.5 8.2 8.2 5.88 6.5 6.5 8.2
Amax (M) 566 525 410 582 553 483 391 586 606 576 427 624
Reagent (ml) (2 x 1073) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Solvent ratio (%) H,O Acetone H,O H,O H,O H,O H,O H,O Methyl Methyl H,O H,O
Time (min) 1.0 20 10 10 1.0 1.0 1.0 10 10 1.0 1.0 1.0
Temperature (°C) 25 40 25 25 25 25 25 25 25 25 25 25
Beer's law limits (ugmi—1) 0.5-20 0.5-25 0.5-30 0.5-25 0.5-28 0.5-28 0.5-30 0.5-25 0.5-20 0.5-20 0.5-25 0.5-18
Ringbom concentration (ngmi—1) 1-18 1-20 1-28 1-20 1-25 1-25 1-27 1-20 1-16 1-17 1-20 1-15
Molar absorbance (I mol~tcm—1) x 103 42 46 8.2 51 5.9 8.6 19.3 56 12 3.2 46 11
Sandell sensitivity (wgcm=2) 0.060 0.065 0.031 0.049 0.043 0.029 0.027 0.045 0.211 0.079 0.059 0.225
Detection limit (ugml—1) 0.25 0.36 0.49 0.39 0.22 0.45 0.5 0.44 0.21 0.26 0.24 0.36
Quantification limit (wgml—1) 1.02 154 1.96 1.59 0.89 1.69 2.01 1.72 0.91 1.05 1.03 1.49
Regression equation®

Slope 0.032 0.011 0.013 0.016 0.019 0.011 0.011 0.021 0.030 0.026 0.014 0.011

Intercept —0.001 0.0013 0.0013 0.0022 0.0016 0.0031 0.0022 0.0016 0.0031 0.0011 0.0012 0.0012

Correlation coefficient (r) 0.9969  0.9849 0.9990 0.9980 0.9989 0.9969 0.9869 0.9990 0.9981 0.999 0.9981 0.9990

R.S.D.(%)b 1.00 0.90 1.20 1.10 0.80 0.90 1.20 1.10 1.20 13 1.20 1.10

Range of error (%) 1.40 120 1.60 150 1.00 1.20 1.60 1.80 1.60 1.90 1.60 1.40

a A = a+ bc, where ¢ is the concentration of drug in wgmi~—1.
b Average of six determinations.
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Fig. 2. Absorption spectra of the ion-pair of MB complexed with reagents (I-1V) against blank.

absorbance was measured at those Amax against a reagents
blank prepared under identical conditions. The influence of
each of the following variables on the reaction was tested.

3.1.1. Effect of pH

Different buffer media (universal, thiel, phosphate, borate
and acetate buffer solutions) [24] were examined to achieve
maximum colour intensity. Phosphate buffer proved to be
the most favourable one due to its highly absorbance val-
ues in addition to instantaneously formation of the ion-pair
complex without affecting the absorbance in the pH range
5.5-8.5. Moreover, the optimum volume of buffer solution
added to 10 ml to give constant absorbance value was also
studied and found to be 4.0ml. For NF complexes, the op-
timum pH were 7.5, 6.5, 6.5 and 7.5, for MB complexes
the optimum pH were 7.5, 6.5, 8.2 and 8.2 and for PP com-
plexes, the optimum pH were 5.88, 6.5, 6.5 and 8.2 for 1, 11,
Il and IV reagents, respectively.

3.1.2. Effect of the reagent concentrations

The effect of reagents was investigated by taking vari-
ous amount of 2 x 10~3M of reagent added to an aliquot
of solution containing 40 ngml—1 of different drugs under

2.0 |}

1.5 F
Abs.

1.0

0.5 |

0.0

investigation (NF, MB and PP), was increased from 0.2 to
2.0ml. The maximum absorbance was observed with the ad-
dition of 1.0ml of al reagents with different drugs except
in case of MB drug, 0.5ml of reagent Il was sufficient to
achieve the maximum absorbance value.

3.1.3. Effect of solvent

Various organic solvents were used (methanol, ethanol,
propanol, isopropanol, acetone, dioxane and dimethylfor-
mamide), 20% acetone gave the maximum colour intensity
for NF drug with Il reagent and stabilized the formed com-
plex for along time, 20% methanol was the suitable solvent
for PP drug with | and Il reagents (Table 1). The higher level
of acetone and methanol than 20% caused a decrease of ab-
sorbance value. Furthermore, the aqueous solution was the
favourable conditions to give the highly intense colour and
to achieve maximum colour development (NF with I, 11 and
IV, MB with al reagents and PP with Il and IV reagent,
respectively) (Table 1).

3.1.4. Effect of time and temperature
The optimum reaction time was determined by follow-
ing the colour intensity and maximum colour devel opment

350 450

55‘0 A (nm) 6“50

Fig. 3. Absorption spectra of the ion-pair of PP complexed with reagents (I-1V) against blank.
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was obtained at 25 + 2°C. Also, the colour development
was attained after, 1.0min. For al drugs with differ-
ent reagents at 25 + 2°C. But the colour remains stable
with no changes of absorbance for 6.0h. In case of NF
with 11 reagent the optimum condition was attained after
20.0min. At 40 + 2°C. No change in the absorbance rela-
tive to time on raising the temperature up to 40°C, above
which, absorbance begin to fade slowly with increasing the
temperature.

3.1.5. Sequence of addition

The optimum sequence was defined by following to colour
intensity and maximum absorbance on changing the se-
guences of addition of drug, reagent and buffer. The best
condition was “drug-reagent-buffer-solvent” for the high-
est absorbance and stability. Other sequences needed longer
time in addition to lower stability.

1773
3.2. The stoichiometry of the complex

The stoichiometry of he complex formed between
reagents (I-1V) with drugs (NF, MB and PP) was investi-
gated at the pH range 5.88-8.50, by the continuous variation
method [25]. The result indicates the existence of 1:1 charge
transfer complex at a definite Amax recorded in Table 1. The
conditional stability constants (logK), calculated with Har-
vey and Manning equation [26] applying the data obtained
from the continuous variation method (Table 1).

3.3. Interference

No interference was observed in the determination of NF,
MB or PP with different reagents (I-1V) from the presence of
lactose, glucose, sacarose, glycerol, fructose, sugar, urea, or-
ganic acids, proplene glycol, magnesium streate and starch.

Table 2
Analysis of NF, MB and PP using aizarin derivatives (I-1V)
Drug taken Reagents
|—1
(rgmi™) | I 1 Y,
NF MB PP NF MB PP NF MB PP NF MB PP
2
Found® (ngmi—1) 2.01 2.01 2.0 1.99 1.98 1.99 2.02 2.01 1.99 1.98 2.03 2.04
R (%) 100.5 100.5 100 99.5 99.0 99.5 101.0 100.5 99.5 99.0 1015 102.0
+S.D. (%) +0.51 +0.99 +0.62 40.43 +0.63 +0.49 +0.84 +0.63 +0.32 +0.62 4+0.33 +0.26
6
Found? (ugml—1) 5.99 5.96 5.94 6.01 6.01 6.03 5.98 5.97 5.96 5.98 5.96 9.99
R (%) 99.8 99.3 99.0 100.16 100.16 100.5 99.6 99.5 99.3 99.6 99.3 99.8
+S.D. (%) +0.39 +0.74 +0.62 +0.65 +0.52 +0.33 +0.74 +0.55 +0.43 +0.35 +0.29 +0.70
10
Found? (ugmi—1) 9.99 9.98 9.99 10.02 10.02 10.03 10.01 10.03 10.02 10.00 10.01 10.00
R (%) 99.9 99.8 99.9 100.2 100.2 100.3 100.1 100.3 100.2 100.00 100.1 100.00
+S.D. (%) +0.49 +0.55 +0.65 +0.44 +0.90 +0.85 +0.69 +0.62 +0.91 +0.26 +0.61 +0.66
14
Found® (pg ml’l) 14.03 14.02 13.91 13.92 13.89 13.96 13.89 13.88 13.89 14.02 14.09 14.5
R (%) 100.2 100.1 99.3 99.4 99.2 99.7 99.2 99.1 99.2 100.1 100.6 103.5
+S.D. (%) +0.22 +0.63 +0.61 +0.61 +0.32 +0.55 +0.62 +0.61 +0.42 +0.34 +0.43 +0.44
18
Found? (ug ml’l) 18.04 18.05 18.03 18.00 18.01 18.02 17.92 17.89 17.92 17.92 17.91 17.93
R (%) 100.2 100.2 100.2 100.0 100.1 100.1 99.6 99.4 99.6 99.6 99.5 99.6
+SD. (%) +0.71 +0.61 +0.33 +0.62 +0.61 +0.43 +0.41 +0.49 +0.63 +0.23 +0.41 +0.46
22
Found® (ugmi—1) 22.06 22.01 22.08 22.07 22.05 22.07 22.00 22.00 22.09 21.86 21.91 21.9
R (%) 100.3 100.0 100.3 100.3 100.02  100.3 100.0 100.0 100.4 99.3 99.5 99.5
+S.D. (%) +0.29 +0.21 +0.32 4100.3 +0.11 +0.52 +0.44 +0.62 +0.49 +0.36 40.62 +0.22
26
Found? (ngml—1) 26.05 26.01 26.09 15.94 25.86 25.89 26.00 26.0 26.05 25.79 25.86 2591
R (%) 100.2 100.0 100.3 99.6 99.4 99.5 100.0 100.0 100.02 99.2 99.4 99.6
+S.D. (%) +0.41 +0.32 +0.36 +0.46 +0.66 +0.61 +0.49 +0.44 +0.69 +0.61 +0.43 +0.46
30
Found? (ugmi—1) 30.09 30.1 30.11 29.91 29.81 29.85 29.91 29.92 29.95 29.91 29.92 29.86
R (%) 100.3 100.3 100.4 99.7 99.4 99.5 99.7 99.6 99.8 99.7 99.8 99.6
+S.D. (%) +0.66 +0.59 +0.49 +0.43 +0.22 +0.44 +0.66 +0.64 +0.29 +0.22 +0.62 +0.24

a Average of six determinations.
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Theresultsindicate that up to 100-fold excess of them do not
interfere (absorbance changes by +2.0% isnon-interference)
which may be present in its pharmaceutical preparations.
The proposed method is simple, rapid, sufficiently selective
and highly sensitive.

3.4. Analytical data

Beer’s law limits (0.5-30 wgmi—1) with a correlation co-
efficient <0.9960, molar absorptivity, Sandell sensitivity, re-
gression equation and standard deviation obtained by linear
least, square treatment of the resultsare givenin Table 1. For
more accurate results, Ringbom [27] optimum concentration
recorded in Table 1. Recoveries and range of error percent-
ages are also calculated and recorded in Table 2. Therefore,
it can be concluded that the results of the present method
are in high agreement with those obtained by the officia
methods [28,29].

3.5. Analytical applications

The proposed method was successfully applied to var-
ious dosage forms, viz. Tablets (nefopam, mebevrine and
phenylpropanolamine hydrochloride), injection (nefopam)
and syrup (phenylpropanolamine hydrochloride).

The results are recorded in Table 1 compared statistically
with the official method [28,29] reveal that the recoveries
arein the range (100.5-99.0%) reflecting ahigh accuracy, in
addition to the high precision indicated by very low values
of relative standard deviations.

The performance of the proposed method was assessed by
calculation of t and f values compared with the official meth-
ods [28,29]. Mean values obtained in students [30] showed
the absence of systematic errors in the method.
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