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Abstract: A simple, reproducible and sensitive spectrophotometric

method for assay of metoclopramide hydrochloride is investigated. The
method is based on the Schiff's base formation reaction of metoclopramide
with 1,2-naphoquinone sulphonate (NQS) as chromogenic reagent in the
presence of micellar cetylperidinium chloride (CPC) and sodium carbonate in
agueous solution to give a highly coloured product with maximum absorption
at 471 nm. Beer's law is obeyed in the range of 0.1-26 pg/ml with a molar
absorptivity of 4.124x10* lLmol*.cm™ and the limit of detection and
guantitation are 0.0416 and 0.1386 ug/ml respectively. The accuracy (average
recovery %) is 100.72 % and the relative standard deviation (RSD) is better
than 0.44%. Also, it was found that the product formed was in ratio of 1:1
product with stability constant of 3.2x10" L.mol™. The method is applied
successfully to the assay of metoclopramide hydrochloride in pharmaceutical
formulations and is agreed well with its certified value and with those of British
pharmacopoeia method.
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Introduction

Metoclopramide hydrochloride (MCP.HCI), [4-amino-5-chloro-N-
(2-diehylaminoethyl)-2-methoxybenzamide hydrochloride] [I] is used as
an anti-emetic in the treatment of some forms of nausea and vomiting and
to increase gastrointestinal motility. It is of little benefit in the prevention
or treatment of motion sickness or in the treatment of nausea and vertigo
due to Meniere disease or other labyrinth disturbance[1], also it is used to
relieve certain stomach and esophagus problems such as diabetic
gastroparesis and gastroesophageal reflux disorder[2].
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Various analytical techniques have been reported for determination
MCP.HCI in pure or dosage forms including chromatographic methods
[3-7], titrimetry [8], voltammetry [9], atomic absorption [10], flow
injection [11,12] and ion selective electrode [13]. Of course, the above
mentioned techniques are sensitive but expensive except the titrimetric
method. Spectrophotometry is the technique of choice even today due to
its inherent simplicity. Many spectrophotometric procedures have been
applied for determination of MCP.HCI using different reagents including
phenothiazine as coupling reagent and ferric nitrate as oxidizing reagent
[14], o-phenanthroline or bipyridyl in the presence of Fe Ill or Ce IV as
oxidizing reagents [15], dibenzoyl methane [16], aniline as coupling
reagent [17] and p-dimethylaminocinnamaldehyde [18] in addition to
other spectrophotometric methods [19-22]. Some of these methods are
time-consuming, extraction procedures or heating and require strictly
controlled reaction conditions. Others are less sensitive. The British
Pharmacopoeia 1998 reported a potentiometric method using perchloric
acid for determination of MCP.HCI powder, spectrophotometric method
for oral solution and chromatographic method for tablets and ampoules
[23]. The potentiometric method requires 250mg of drug, whereas the
chromatographic and spectrophotometric methods are time consuming,
tedious and many reagents are needed. The present work describes a
simple and sensitive spectrophotometric method for assay of MCP.HCI.
The method is based on the formation of Schiff's base from the reaction
of the drug with 1,2-Naphthoquinone-4-sulphonate (NQS) reagent in
agueous medium.

Experimental
Apparatus

Shimadzu UV-1650 PC UV-Visible spectrophotometer was
equipped with a 1.0-cm path length silica cell, Philips PW (9421) pH-
meter with a combined glass electrode was used for pH measurements.
All calculations in the computing process were done in Microsoft Excel
for Windows.

Reagents

All reagents were of analytical-reagent grade which are provided
by BDH , Fluka and Molekula companies. A standard solution of 100
pg/ml of MCP.HCI was prepared by dissolving 0.01g in 2.0 ml of ethanol
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and diluting to the mark with distilled water in 100-ml volumetric flask.
The working solution was obtained from appropriate dilution of stock
solution. 5x10°° M of NQS reagent was prepared by dissolving 0.065 g in
distilled water and making the volume up to 50 ml in a volumetric flask,
this solution was prepared fresh as a daily procedure. 0.1 M sodium
bicarbonate was prepared by dissolving 5.3 g in distilled water and
making the volume up to 500 ml in a volumetric flask. 0.1 % of CPC was
prepared in warm distilled water.

General procedure

Aliguots containing 0.1 to 26.0 pg/ml of MCP.HCI, in final
dilution, was transferred quantitatively into a series of 25-ml standard
flasks. A solution 1 ml of 5x10° M NQS, 1ml of 0.1 M sodium
carbonate and 1.5 ml of 0.1% CPC were added. The mixture then was
diluted to the mark with distilled water and kept at 50°C for 10 min for
the development of colour, then cooled to room temperature. The
absorbance of the resulting solution was measured at 471 nm against the
reagent blank.

Analysis of pharmaceutical preparations
Tablet

Ten tablets (each tablet containing 10 mg MCP.HCI) were
accurately weighed and pulverized. A portion of the fine and
homogenized powder equivalent to 10 mg was accurately weighed and
dissolved in about 60 ml of distilled water. The solution was shaken
thoroughly for about 10 min. and the residue was filtered through
Whatmann no. 42 filter paper into 100 ml volumetric flask. The filtrate
was diluted to the mark by repeated washing with distilled water. The
filtrate was diluted to get a 100 pg/ml solution of MCP.HCI. An aliquot
of diluted drug was taken and the procedure as described above was
followed.

Injection

For the analysis of injection, 2ml vial containing 10mg/2ml of
MCP.HCI was transferred into 100 ml volumetric flask and diluted up to
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the mark with distilled water. Working standard was prepared by suitable
dilution and the general procedure was followed.

Syrup

The content of MCP.HCI syrup (5mg/5ml) was mixed well and 10
ml of syrup was quantitatively transferred into 100 ml volumetric flask
and completed to the mark with distilled water. An aliquot of diluted drug
was taken and treated as mention in the recommended procedure.

Results and Discussion

Preliminary test

MCP.HCI reacted with NQS reagent in the presence of sodium
hydroxide forming an orange colour of Schiff's base with maximum
absorption at 470 nm, where as reagent blank shows low absorbance at this
wavelength. However; it was noticed that absorbance was increased when
the mixture was heated at 50°C for few mins.

Study of the optimum reaction conditions

To take full advantages of the procedure, the reagent
concentrations must be optimized. The parameters were optimized by
setting all parameters constant and optimizing one each time at 50°C for
15 min.

Effect of base and pH

To obtain high sensitivity for the product, the effect of some bases
such as sodium hydroxide, sodium bicarbonate, sodium carbonate,
potassium hydroxide and ammonium hydroxide have been examined. As
shown in Figure 1, sodium carbonate gave maximum absorption at 470 nm.
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Figure 1: Effect of bases on the absorption of 8 pg/ml MCP.HCI

However; the effect of the sodium carbonate amount and pH were
studied and found that 1ml gave maximum absorbance at pH 10.2 (Fig. 2)
and recommended in this method.
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Figure 2: Effect of Na,CO; concentration and pH on the absorption of
reaction mixture of 8 ug/ ml MCP.HCI

Effect of buffer solution

The effect of buffer solution such as ammonium, borate, carbonate
and phosphate buffers with pH 10.2 was examined, but a decrease in the
absorbance of the product was observed.

Effect of NQS reagent

The effect of changing the NQS concentration on the absorbance of
solution containing a fixed amount of MCP.HCI was studied. It is evident
that the absorbance increases with increasing NQS concentration and
reached maximum on using 1 ml of 5x10° M NQS (Fig.3) which is
recommended in this work.
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Figure 3. Effect of NQS reagent concentration on the absorption of reaction
mixture of 8 ug/ ml for MCP.HCI in the presence of Na,CO; solution.

Effect of temperature and developing time

The reaction time was determined by following the colour
development at room temperature and in thermostatically controlled
water-bath at different temperatures up to 70°C. The absorbance was
measured at 5 min intervals against reagent blank treated similarly. It was
observed that the absorbance reached maximum after 10 min at 50°C and
remained constant for 20 min, whereas, a decrease in absorbance with
increased time and temperature was noticed indicating dissociation,
(Fig.4). Hence, 10 min at 50°C was used in this work.
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Figure 4. Effect of temperature, developing time and stability period
for the absorbance of 8 ug ml™ MCP.HCI.

Effect of surfactants

The effect of surfactants; cetyltrimethyl ammonium bromide
(CTAB), cetylpyridinium chloride (CPC), Tween-80 (TW-80) and
TritonX-100 (TX-100), of 0.1 % concentration, on the absorption
spectrum of product has been investigated. As shown in Table 1, the
cationic surfactant CPC increased the absorbance of MCP.HCI-NQS
product, but other surfactants showed negative effect. Therefore CPC was
selected in this method. The absorbance increased with an increase in
CPC concentration up to 1.5 ml (Fig.5). Therefore 1.5 ml of 0.1 % CPC
was selected for further investigation.

Table 1. Effect of surfactants on the absorption NQS-MCP.HCI product

Surfactant Absorbance Amax

Without 0.450 470

CPC 0.541 471

SDS 0.390 468

CTAB 0.410 467

Trion x-100 0.430 467

Tween — 80 0.360 467
0.55
0.54
0.53
9 0.52
L 051
g 0.5
9 0.49
< 048
0.47
0.46
0.45

0 0.5 1 15 2 2.5 3 3.5
CPC, 0.1%, ml
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Figure 5. Effect of CPC concentration on the absorption of
reaction mixture of 8 ug/ ml for MCP.HCI.

Effect of order of addition

To prove the sensitivity of the proposed method, the order of
addition of reagents was tested under the optimum conditions.
Table 2 shows that order no. | is the best and applied in the
general procedure.

Table 2: Effect of order of addition on the absorption of 8 ug/ ml
MCP.HCI

Order Of addition Order Abs.
no.

drug + NQS + base + I 0.540
CPC
drug + base + NQS + | 0.496
CPC
drug + CPC + NQS + 1] 0.416
base
drug + CPC + base + \Y 0.468
NQS
drug + base + CPC + \% 0.421
NQS
drug + NQS + CPC + \ 0.420
base
NQS + base + drug + VIi 0.512
CPC
NQS + base + CPC + VIII 0.471
drug

Absorption spectra

The final absorption spectra of NQS-MCP.HCI product are
plotted under the optimum conditions obtained above. Figure 6
shows that MCP.HCI Schiff base product has a maximum
absorption at 471nm versus reagent blank, whereas the reagent
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blank has low absorbance at this wavelength and has a maximum
absorption at 370 nm versus distilled water.

Absorbance

+ + t t t t t t t
350 400 450 500 550 600 650 700 750

Wavelength (nm)

Figure 6. Absorption of spectra of (a) MCP.HCI (8ug/ml) with NQS
against reagent blank and (b) reagent blank versus distilled water.

Quantification

In order to investigate the range in which the colored complex
adhere to Beer's law, the absorbance of the product was measured at 471
nm after developing the color by following the general procedure
calibration graph for a series of solutions containing increasing amounts
of MCP.HCI. The Beer's law limits and molar absorptivity values were
evaluated and given in Table 3, which indicated that the method is
sensitive. The linearity was represented by the regression equation and
the corresponding correlation coefficient for the studied determined drug
by the proposed method represents excellent linearity. The relative
standard deviation (RSD) and accuracy (average recovery %) for the
analysis of six replicates of each three different concentrations for MCP.
HCI indicated that the method is precise and accurate. Limit of detection
(LOD) is in the accepted range below the lower limit of Beer's law range.
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Table 3: Summary of optical characteristics and statistical data for the

proposed method

Parameter MCP.HCI
Beer's law limits (ug ml™) 0.1-26
Molar absorptivity 4.124x10*
(Lmol™*. cm™)
LOD (ug.ml™) 0.0416
LOQ (ug.ml™) 0.1386
Average recovery (%) 100.72
Correlation coefficient 0.9994
Regression equation (Y}~
Slope, a 0.1164
Intercept, b 0.0176
RSD* <0.44

*Average of six determinations.

*Y=a X + b, where X is the concentration of drug in ug ml™

Interference

The extent of interference by some excipients which often
accompany pharmaceutical preparations were studied by measuring the
absorbance of solutions containing a fixed amount of MCP.HCI and
various amounts of diverse species in a final volume of 25 ml. It was
found that the studied excipients did not interfere seriously (Table 4).
However; an error of 5.0 % in the absorbance readings was considered

tolerable.

Table 4: Effect of exciepients for assay of MCP.HCI

Recovery% of 8 pg/ml metoclopramide per pg/ml
Excipient excipient added
200 300 400 500

Glucose 101.7 102.9 101.1 103.5
Starch 99.40 98.80 100.5 101.18
NaCl 102.99 98.8 101.1 101.7
Lactose 102.9 101.1 101.7 104.19
Acacia 98.80 99.4 101.83 104.1
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Analytical applications

The proposed method was successfully applied to determine
MCP.HCI in pharmaceutical preparations. The obtained results were
compared statistically by a Student's t-test for accuracy and a variance ratio
F-test for precision with the official method [23] at the 95% confidence
level with six degrees of freedom, as cited in table 5. The results showed
that the experimental t-test and F-test were less than the theoretical value (
t=2.45, F=6.39 ), indicating that there was no significant difference
between the proposed method and official method. The proposed method is
compared favorably with other reported methods.

As shown in Table 6, the present method is more sensitive than other
reported methods and applied to the various pharmaceutical formulations.

Stoichiometry and stability constant

The stoichiometry of the reaction of MCP.HCI with NQS reagent
was studied by the molar ratio and Job[25] methods, using solutions of
1x10 M for each drug and NQS reagent. As shown in (Fig. 7) a & b, the
results indicate that 1:1 aminophenol to reagent was formed using both
above methods. This indicates that amino group present in MCP.HCI is
responsible for the formation of the Schiff base product.

According to the results obtained from above stoichiometry, the
apparent stability constant was estimated by comparing the absorbance of
a solution containing stoichiometric amounts of the MCP.HCI and NQS
(As) to one containing an excessive amount of NQS reagent (Am). The
average conditional stability constant of the product was calculated by the
following equation :

Ke=1-o/a C

a =Am-As/Am
-1
where Kc is the association constant (I.mol ), a the dissociation degree
and C the concentration of the product which is equal to the concentration

of MCP.HCI. The average Kc is 3.2 x 10" indicate that the product is
stable.
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Table 5: Assay of MCP.HCI in pharmaceutical preparations using the
proposed method and comparison with the official method.

Procedure Dosage Drug Recovery® | Drug Average | Certified
applied form | amount (%) content | recovery value
present found (mg) (mg)
(ng/ml’ (mg)
D)
Proposed NQS | Tablet 5 98.35 9.83 10.13 10 mg
method 10 101.50 10.15 | (0.10,5.55)°
20 104.05 10.40
Injection 5 102.21 10.22 10
10 104.30 10.43 10.17 mg/2ml
20 98.79 0.88 (0.23,5.84)
Syrup 5 96.63 4.83 5
10 96.21 4.81 4.93 mg/5ml
20 103.19 5.15 (0.80,2.59)
British Pure 250 mg 94.16 235.41 252.22 250 mg
Pharmacopoeia| form 100.88 252.22
107.61 269.04

% Average of three determinations.

® Figures in parenthesis are the calculated values for t and F tests.
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Table 6: Comparison of spectrophotometric methods for MCP.HCI
determination

Ref.

No Reagent Amax Linearity € Applicatio

(nm) | (ug ml?) | (/Mol.cm n
)

1. Oxidative 610 0.1-14 | 2.05x10* | Tablets,
coupling syrup and [14]
with drops
promethazin

e

2. | Schiff's base 553 4-24 2.58x10* Tablets [18]
using p-

DMAC*

3. | 2,4-dinitro-1- 315 1.0-28 | 0.8.0x10* | Tablet and [19]
flouro- injection
benzene

4. | Diazotization 550 0.4-18 | 3.49x10* Tablet [20]
coupling
with 1-
naphthol

5. | Schiff's base 471 0.1-26 | 4.124x10 Tablet, Present
using NQS 4 injection | method

and syrup

Table 6: Comparison of spectrophotometric methods for MCP.HCI determination

*p-Dimethylaminocinnamaldehyde
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Figure 7: Continuous variations (a) and mole ratio (b) plots for product
of MCP.HCI (1x 10°M) and NQS (1x 10M) under the optimum
conditions.

Reaction mechanisms

A characteristic orange colored product of Ay 471 nm for
MCP.HCI was formed when it allowed to react with NQS in the
presence of Na,COj; in aqueous medium. Under the experimental
conditions, the light yellow alkaline solution of the o-quinoidal NQS
reacts with compounds containing one removable hydrogen atom
[26] attached to one nitrogen atom, to yield an anionic orange
colored paraquinoid imide condensation product with the elimination
of NaHSO; [27]. When CPC is added to this product, an intense
orange colored product was formed as ternary product [28]. A
reaction mechanism based on the above reaction is shown in
Scheme 1.
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Scheme 1: Probable product formation mechanism

Conclusion

The proposed method is sensitive (e=4.124x10* L.mol™.cm™),
accurate (average recovery range 100.72 %), precise (RSD < 0.44) and
simple since it does not need solvent extraction step. Analysis of
authentic samples containing MCP.HCI showed no interference from
common additives and auxiliary substances in general. The method was
applied successfully for determination of MCP.HCI in its pharmaceutical
formulations and compared favorably with the official method.
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