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Abstract. Two methods are described for quantitative

determination of nizatidine. The ®rst is a cathodic

stripping voltammetric method which is based on

the accumulation of the compound at the hanging

mercury drop electrode. The adsorptive stripping

response was evaluated with respect of accumulation

time, potential, concentration, pH and other variables.

A linear calibration graph was obtained over the range

3:0� 10ÿ8ÿ1:0� 10ÿ6 M with a detection limit

3:0� 10ÿ8 M after a 20s accumulation time at

ÿ0.2 V accumulation potential. On the other hand, it

was found that the detection limit could be lowered to

1:0� 10ÿ8 M after 180s accumulation time at ÿ0.2 V

accumulation potential. The relative standard deviation

was in the range 1.2ÿ2.0% for six measurements. The

tolerance amounts of the common excipients have also

been reported.

The second is a spectrophotometric method which is

based on the formation and extraction of the ion-pair

complex formed between nizatidine and either bromo-

cresol green or bromothymol blue. The extracted

colored ion-pair complexes absorb at 416 nm. The

effect of different factors such as: type of organic

solvent, pH, reagent concentration, number of extrac-

tion times, shaking time, temperature and the tolerance

amount of the common excipients have been reported.

The calibration graph was linear in the range

6:0� 10ÿ7 ÿ 1:8� 10ÿ5 M with a detection limit of

6:0� 10ÿ7 M and molar absorptivity of 2:1� 104 l�
molÿ1 � cmÿ1 when using bromocresol green, while the

calibration graph was linear in the range

3:0� 10ÿ7 ÿ 1:1� 10ÿ5 M with a detection limit of

3:0� 10ÿ7 M and molar absorptivity of 3:2� 104 l�
molÿ1 � cmÿ1 when using bromothymol blue. The

spectrophotometric methods offer alternative methods

with reasonable sensitivity, selectivity and accuracy

with relative standard deviation in the range 2.1ÿ6.0%

and 1.2ÿ4.7% (for six measurements) when using

bromothymol blue and bromocresol green, respec-

tively. The proposed two methods were applied for the

determination of nizatidine in commercially available

dosage forms. A comparison between the voltammetric

and the extraction-spectrophotometric methods was

also reported.

Key words: Voltammetry; spectrophotometry; nizatidine determi-
nation.

Nizatidine is N-[2-[[[2-[(dimethylamino)-methyl]-4-

thiazolyl]methyl]thio]ethyl]-N-methyl-2-nitro-1, 1-ethy-

lenediamine and belongs to the new generation of anti-

ulcer agents. Nizatidine (NIZ) is known to be more

potent than cimetidine and effective in the treatment of

gastric acid and duodenal ulcerous [1]. Several

methods have been reported for the determination of

NIZ in pharmaceutical formulations and biological

¯uids including HPLC [2±4], spectrophotometric [5, 6],

coulometric [7], potentiometric titration [8] and

polarography [9].

There is a great interest in determining small

amounts of NIZ, without use of complicated chemical

transformation. The chemical properties of NIZ make

possible various chemical reactions and, therefore, it

was necessary to select the most suitable conditions

for the determination of this compound.
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A survey of the literature reveals that there is only one

paper focused on the differential-pulse polarographic

determination of NIZ at the droping mercury electrode

[9]. No attempts have been made to study the

voltammetric behavior of NIZ, where, the adsorptive

stripping voltammetry has been widely applied for trace

determinations of various categories of drugs [10±13].

Stripping methods for organic compounds make use of a

preconcentration step of the analytical species on a

suitable working electrode. The preconcentration step

can involve direct adsorption of the organic compound

or its accumulation as a metal complex or salt.

The aim of the present investigation is to study the

adsorptive voltammetric behavior of NIZ in order to

develop a new voltammetric method for its determina-

tion. The adsorption of NIZ at the mercury electrode

surface allowed to develop a procedure with high

sensitivity for the determination of low level of NIZ

using differential-pulse adsorptive cathodic stripping

voltammetry (DP-AdCSV) at a hanging mercury drop

electrode (HMDE).

On the other hand, our study of the formation and

extraction behavior of the ion-pair complex of NIZ

with either bromocresol green (BCG) or bromothymol

blue (BTB) showed that new spectrophotometric

methods for NIZ determination could be developed.

The obtained results showed that the proposed

voltammetric and spectrophotometric methods for

determination of NIZ provide high accuracy, precision

and sensitivity. Our literature survey showed that there

is no of®cial method listed in the pharmacopeias for the

determination of NIZ. Therefore the proposed methods

can be recommended as of®cial methods of NIZ

determination for raw material or in dosage forms.

Experimental

Apparatus

Differential-pulse voltammetry was carried out using EG&G 264A
voltammetric analyzer with a model 303A stand operated with the
hanging mercury drop electrode (HMDE). The three electrode
system was completed using a platinum auxiliary electrode and an
Ag/AgCl reference electrode. A Pye-Unicam UV-visible spectro-

photometer, model UV-2 was used for spectrophotometric measure-
ments. The cells used for measurements were 1� 1 cm quartz cells.
A Hanna 8521 model pH meter was used for pH measurements.

Reagents and Materials

Nizatidine (CAS No. 76963-41-2) was kindly supplied by Eli Lilly
and company (Indianapolis, USA) and used as a working standard.
Axid capsules (150 and 300 mg of nizatidine) were supplied from
Eli Lilly. Bromothymol blue (BTB), bromocresol green (BCG) and
dichloromethane were manufactured by Aldrich. All chemicals
were of analytical grade and manufactured by Merck and BDH.
Water was doubly-distilled and stored in a glass container.

Solutions

A freshly prepared 5:0� 10ÿ3 M aqueous solution of pure
nizatidine was used as stock solution. BCG and BTB solutions
�1:0� 10ÿ3 M� were prepared by dissolving the appropriate
amounts in about 2 mL of 0.1 M sodium hydroxide, then 20 mL of
ethanol (96%) were added and the volume was completed to exactly
100 mL using double distilled water. Citrate buffers were prepared
as described by Heyrovsky and Zuman [14].

Voltammetric Procedure

The general procedure for obtaining differential pulse adsorptive
stripping voltammogram was as follows: 9.0 mL of citrate buffer
solution (pH 3.2) was placed in the voltammetric cell and deaerated
with highly pure nitrogen for 8 min with stirring. A preconcentration
(accumulation) potential of ÿ0.20 V was applied to a fresh mercury
drop, usually for 20 s, while the solution was stirred. The stirrer was
switched off to let the solution be quiescent in the last 15 s. A
negative potential scanning was initiated between 0.0 to ÿ0.6 V
using the differential ± pulse mode. The operational parameters of
the scan were scan rate 10 mVsÿ1 and pulse amplitude 50 mV. After
background stripping voltammograms had been obtained, the
adsorptive stripping was repeated with a new mercury drop after
the addition of an appropriate volume of solution containing a
concentration of NIZ in the range 3:0� 10ÿ8 ÿ 1:0� 10ÿ6 M.
After each sample addition, a deaeration for about 2 min was made.

Spectrophotometric Procedure

Into a 100-mL separatory funnel transfer exactly 5.0 mL of
9:0� 10ÿ4 M BCG or 2.0 mL of 9:0� 10ÿ4 M BTB, followed by
5.0 mL of citrate buffer of the recommended pH and an appropriate
volume of solution containing an amount of NIZ in the range 3.0±
90mg, in that order and the volume is completed to 12 mL with
water. Extract the aqueous solution with two separate 10-mL portion
of dichloromethane, shaking well to ensure complete extraction
(about 1 min). Dilute combined dichloromethane extracts to exactly
25.0 mL with dichloromethane and determine the absorbance in a
tightly stoppered cell at 416 nm against a reagent blank prepared
similarly without the addition of NIZ, in a thermostated bath at a
temperature in the range 20±30 �C.

Analysis of Tablets

The NIZ drug was commercially available as Axid (Eli Lilly, USA)
and is claimed to contain 150 or 300 mg per tablet. Ten tablets of
each drug were weighed accurately and ®nely powdered. An

154 A. Z. Abu Zuhri et al.



accurately weighed amount of powder (equivalent to 1/10 tablet
average weight) was transferred quantitatively into a 250-mL
calibrated ¯ask, diluted to volume with doubly distilled water and
the mixture was shaken well for 30 min. An appropriate volume of
supernatant solution was used for voltammetric and spectrophoto-
metric determination of NIZ under the optimum experimental
conditions. The concentration of NIZ was determined from the
previously plotted calibration curves.

Results and Discussion

Voltammetric Measurements

NIZ was found to be electrochemically active and

exhibits a cathodic stripping peak at ÿ0.30 V after

accumulation at ÿ0.20 V in citrate buffer solution (pH

3.2) at a hanging mercury drop electrode (HMDE).

Systematic studies of various experimental parameters

that affect the differential-pulse adsorptive cathodic

stripping voltammetric (DP-AdCSV) response were

carried out in order to optimize the experimental con-

ditions for the determination of NIZ.

Effect of pH

The effect of pH on the DP-AdCSV peak current and

potential of 5:0� 10ÿ6 M NIZ was studied over the pH

range 2.6±10.5, the obtained results are presented in

Fig. 1 and Table 1. NIZ molecule exhibits one or two

reduction peaks depending on the pH of supporting

electrolyte. It was found that at pH 2.6 one reduction

peak was obtained and its height was found to increase

gradually by increasing the pH up to pH 3.2. Any

further increase in the pH affected a gradual decrease in

the peak height until it disappeared at pH above 9.5. A

second peak was developed at pH higher than 4.2 and

its height was found to increase gradually by increasing

the pH until it reached its maximum height at pH 9.5,

beyond which any further increase in the pH did not

affect the peak height. On the other hand, in all studied

buffer solutions, a third reduction peak has been

observed at more negative potential overlapping with a

hydrogen reduction peak. This peak is an adsorptive

catalytic peak where the catalytic activity of structu-

rally similar compounds (e.g. ranitidine [15, 16] and

famotidine [17, 18]) has been reported. Squella et al.

[18] found that the famotidine drug, which can not be

electrochemically reduced at the DME, exhibits a

catalytic proton reduction wave.

The peak response was examined in the presence of

different buffer solutions, e.g., acetate, citrate and

Britton-Robinson buffers. Citrate buffer was selected as

the most suitable since it gave the highest response and

good repeatability, as shown in Table 2. On the other

hand, it was found that the presence of peaks is

strongly in¯uenced by pH and the buffer constituents.

These results are in good agreement with those

obtained by Kapetanovic et al. [9].

Fig. 1. Differential ± pulse adsorptive cathodic
stripping (DP-AdCSV) voltammograms for
1:0� 10ÿ6 M NIZ; (A) pH 2.6; (B) pH 3.2; (C) pH
4.2 and (D) pH 5.2. Accumulation potential ÿ0.20 V;
accumulation time 20 s; pulse amplitude 50 mV and
scan rate 10 mVsÿ1

Table 1. Effect of pH on the height and potential of DP-AdCSV
peak of 1:0� 10ÿ6 M NIZ in citrate buffer solutions, other condi-
tions as in Fig. 1

pH Peak potential, ÿE(V) Peak current, mA

First peak Second peak First peak Second peak

2.6 0.27 ± 0.25 ±
3.2 0.30 ± 0.50 ±
4.2 0.40 0.83 0.37 0.18
5.2 0.47 0.90 0.11 0.45
6.2 0.52 1.00 0.10 0.52
7.5 0.62 1.05 0.10 0.63
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The reduction mechanism of some drugs containing

NO2 group was previously reported. The reduction

mechanism takes place in a similar way as that reported

by Zamareno et al. [16] and Abu Zuhri et al. [15] for

the reduction of ranitidine, which have a similar

structure as nizatidine.

The cyclic voltammetric behavior of 5:0� 10ÿ6 M

NIZ in citrate buffer (pH 3.2) exhibits only a cathodic

peak with no peaks in the anodic scan, indicating the

irreversibility of the reduction process. The cathodic

peak height was directly proportional to the scan rate

and the peak potential shifts linearly to more negative

potential when the scan rate is increased, indicating the

reduction of the adsorbed species [19]. As shown in

Fig. 1, the reduction peak in citrate buffer (pH 3.2) is

relatively high, sharp and reproducible. Therefore pH

3.2 was selected as optimum pH for analytical

purposes.

Effect of Accumulation Time

DP-AdCSV peak heights of 7:0� 10ÿ7 M NIZ after

different accumulation times and a plot of the

resulting current versus accumulation time has been

shown in Fig. 2. At ®rst, the current increases linearly

with time and then starts to level off. The deviation

from linearity occurs after accumulation time of 20s.

Effect of Accumulation Potential

The effect of accumulation potential on the peak

current was studied over the potential range 0.0 to

ÿ0.4 V. The highest peak current was observed for an

accumulation potential at ÿ0.20 V. A gradual decrease

in the peak height was observed on changing the

potential to more negative or less negative potentials

than ÿ0.20 V. Therefore, an accumulation potential of

ÿ0.20 V offered the best signal-to-background char-

acteristics and was used in all subsequent work.

Effect of Other Parameters

Several instrumental parameters, e.g. scan rate, pulse

amplitude, rest period and drop size were optimized.

The chosen conditions for NIZ determination were

10 mVsÿ1, 50 mV, 15 s and small drop size, respec-

tively. Higher pulse amplitudes enhance peak currents

but are not preferred as the peak potentials get further

away from E1=2 in classical DC polarography.

Effect of Excipients

The effect of the presence of some common excipients

normally used in NIZ formulations on the response of

5:0� 10ÿ6 M NIZ determined according to the

recommended procedure were evaluated. The results

obtained are summarized in Table 3. It was found that

there is no signi®cant interference from these excipi-

ents if they are present in 50-fold mass excess.

Calibration Curves for Voltammetric Determination

of NIZ

The applicability of DP-AdCSV technique as an

analytical method for determination of NIZ was tested.

The recommended conditions for DP-AdCSV determi-

nation of NIZ were as follows: citrate buffer (pH 3.2),

accumulation time 20s, accumulation potential

ÿ0.20 V, pulse amplitude 50 mV and scan rate

10 mVsÿ1. Under the aforementioned recommended

Table 2. Effect of buffer constituents on the DP-AdCSV peak of
1:0� 10ÿ6 M NIZ at pH 3.2. Other conditions as in Fig. 1.

Buffer (pH 3.2) Peak Peak Peak
Current potential half-width
�mA� ÿE(V) W1/2(mV)

Acetate 0.32 0.25 120
Britton-Robinson 0.35 0.38 112
Citrate 0.50 0.30 108

Fig. 2. Current-accumulation time plots for 7:0� 10ÿ7 M NIZ.
Other conditions as in Fig. 1
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conditions, the height of the DP-AdCSV peak increases

gradually with increasing the concentration of NIZ. A

linear calibration graph from 3:0� 10ÿ8 to

1:0� 10ÿ6 M NIZ was obtained after a 20s accumula-

tion time at ÿ0.20 V accumulation potential. The

straight line has a slope of 3:50� 105 mAMÿ1 and

the regression line equation was found to be

Y�mA� � 0:0015� 3:50� 105 X�M�. The validity of

the method is supported by the constancy of the ip=C.

The detection limit was found to be 3:0� 10ÿ8 M (the

detection limit could be lowered to 1:0� 10ÿ8 M after

180s accumulation time at ÿ0.2 V accumulation

potential). The relative standard deviation was in the

range 1.2±2.0% for six measurements. The repeat-

ability of the method was checked by measurements on

six 1:0� 10ÿ7 M, 5:0� 10ÿ7 M and 8:0� 10ÿ7 M

NIZ solutions. The relative standard deviation was in

the range 1.2±2.0%, with a recovery in the range 97.0%

100.6%.

Application of DP-AdCSV Method to Analysis

of Formulations

The validity of the DP-AdCSV method for the deter-

mination of NIZ in pharmaceutical preparations was

investigated by assaying Axid (labeled to contain

either 150 mg or 300 mg per tablet of NIZ). Ten

analyses of ®ve different samples of each drug gave a

mean recovery of 99.6% and 100.8% for the 150 and

300 mg drugs, respectively.

Spectrophotometric Measurements

Absorption Spectra

Figure 3 shows the absorption spectra of the yellow

products formed between NIZ and each of BTB and

BCG in dichloromethane. The obtained spectra exhibit

an absorption peak at 416 nm. The colored product is

most probably due to the formation of either NIZ-BTB

or NIZ-BCG ion-pair complexes. Neither NIZ nor BTB

and BCG alone display any signi®cant absorption in

dichloromethane at 416 nm as shown in the Fig. 3.

Effect of Organic Solvent on Extraction

Many organic solvents were examined in order to ®nd

the most suitable one for the extraction of NIZ-BCG

and NIZ-BTB ion-pair complexes. Among the exam-

ined organic solvents were chloroform, n-hexane,

toluene, benzene, dichloromethane, carbon tetrachlor-

ide and nitrobenzene. In the proposed methods,

dichloromethane was found to be the most suitable

for both ion-pair complexes, since it gave the highest

percent of extraction of NIZ and the color of the

organic phase was stable for at least 48 hours.

Effect of pH on Absorbance

The effect of pH on the absorbance of the organic

phase (dichloromethane) was studied in the pH range

Table 3. Effect of excipients on the voltammetric determination of
1:0� 10ÿ6 M NIZ at the recommended conditions

Excipient NIZ: excipient % Recovery
(mass ratio)

Sucrose 1:1 99.98
1:20 99.90
1:50 98.20
1:100 97.90

Talc powder 1:1 99.95
1:20 99.30
1:50 98.90
1:100 98.50

Magnesium stearate 1:1 99.95
1:20 99.00
1:50 97.50
1:100 96.90

Starch 1:1 99.90
1:20 98.80
1:50 96.90
1:100 96.00

Arabic gum 1:1 99.90
1:20 99.40
1:50 98.20
1:100 97.20

Fig. 3. Absorption spectra of (A) a mixture containing
8:0� 10ÿ5 M NIZ and 4:0� 10ÿ4 M BCG at pH 4.0 against
reagent blank. (B) a mixture containing 1:1� 10ÿ4 M NIZ and
2:0� 10ÿ4 M BTB at pH 6.2 against reagent blank. (C) reagent
blank (containing BCG or BTB) against dichloromethane,
temperature� 25 �C
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2.2±8.0 for both ion-pair complexes under investiga-

tion. The solutions were prepared as described in the

general procedure and the obtained results are

presented in Fig. 4. It was found that for NIZ-BCG

and NIZ-BTB ion-pair complexes increasing the pH

affected a gradual increase in the absorbance up to pH

4.0 and 6.0, respectively. Beyond these pH values any

further increase in the pH affected a gradual decrease in

the absorbance.

Effect of Reagent Concentration

The effect of the concentration of BCG and BTB on the

absorbance of the organic phase was studied for

solutions containing a ®xed amount of NIZ and

prepared as described in the general procedure. It was

found that increasing the concentration of either BCG

or BTB affected a gradual increase in the absorbance

up to a concentration of 1:8� 10ÿ4 M in case of BCG

and 0:7� 10ÿ4 M in case of BTB. Any further increase

in the dye concentration did not show any increase in

the absorbance but it affected formation of an emulsion

and subsequently, longer time for the two phases to

separate was required. In the present work 5.0 mL of

9:0� 10ÿ4 M solution of BCG or 2.0 mL of

9:0� 10ÿ4 M solution of BTB were found to be

suf®cient for the production of maximum and repro-

ducible color intensity.

Effect of Number of Extraction Times on Absorbance

The effect of number of extractions on the extraction

ef®ciency was studied for both ion-pair complexes. The

solutions were prepared as described in the general

procedure but different number of extractions was

examined. In the present work it was found that two

Fig. 4. Effect of pH on absorbance of (A) NIZ-BCG,
(B) NIZ-BTB. Conditions: [NIZ]� 8:0� 10ÿ5 M,
[BCG]� 4:0� 10ÿ4 M, [BTB]� 1:5� 10ÿ4 M, � �
416 nm, temperature� 25 �C

Table 4. The optimum conditions and analytical characteristics for spectrophotometric determination of NIZ using BCG and BTB

Parameter NIZ-BCG method NIZ-BTB method

�max �nm� 416 416
Recommended pH 4.0 6.2
Shaking time (s) 60 20
Reagent concentration (M) 1:8� 10ÿ4 0:7� 10ÿ4

Recommended temperature range(�C) 20±30 20±30
Range of linearity (M) 6:0� 10ÿ7 ÿ 1:8� 10ÿ5 3:0� 10ÿ7 ÿ 1:1� 10ÿ5

Correlation coef®cient 0.9997 0.9983
Molar absorptivity �l:molÿ1cmÿ1� 2:1� 104 3:2� 104

Detection limit (M) 6:0� 10ÿ7 3:0� 10ÿ7

Range of relative standard deviation (%)� 1.2±4.7 2.1±6.0
Beer's law equation Y � 0:009� 2:1� 104 �M� Y � 0:003� 3:2� 104 �M�
� Average of six measurements.
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successive extractions with 10-mL portions of dichlor-

omethane were suf®cient to give complete extraction of

either NIZ-BCG or NIZ-BTB ion-pair complexes.

Effect of Shaking Time

The effect of shaking time of the two phases on the

extraction ef®ciency was studied for both ion-pair

complexes. In the present work 60s shaking time in

case of NIZ-BCG and 20s shaking time in case of NIZ-

BTB were found to be suf®cient for complete extrac-

tion when two successive extractions with 10-mL

portions of dichloromethane were used.

Effect of Temperature

The effect of temperature after extraction on the

absorbance of the organic phase was studied for both

ion-pair complexes in the temperature range 20±30 �C.

No detectable change in the absorbance was found.

However, higher temperature could affect an increase

in the absorbance due to the evaporation of dichlor-

omethane. In the present work all measurements were

carried out in a thermostated bath at 25 �C.

Effect of Time

The effect of time after separation of the organic

phase on the absorbance was studied for both systems.

The obtained results showed that maximum color

intensity was attained after 30s of separation of the

organic phase and the intensity remained constant for

at least 48 hours.

Stoichiometry of the Ion-Pair Complex

The stoichiometry of the ion-pairs formed between

NIZ and BCG or BTB was investigated at the

recommended conditions for each dye by applying

the molar ratio and continuous variation methods. The

results indicated the existence of 1:1 ion-pairs in all

cases.

Interference Studies

Interference by foreign species was studied for the

determination of 1:0� 10ÿ5 M NIZ using both NIZ-

BCG and NIZ-BTB ion-pair complexes. Since the aim

of the present work is to determine NIZ in

pharmaceutical formulations, the effect of the com-T
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mon excipients was specially considered. The

obtained results showed that glucose, starch, sucrose,

arabic gum, talc powder and magnesium stearate had

no effect on the accuracy of the results when the

additive to NIZ mass ratio did not exceed 50:1.

Analytical Applications

Under the described recommended conditions, standard

calibration curves for NIZ with BCG and BTB were

constructed by plotting absorbance versus concentra-

tion. Beer's law was valid over NIZ concentration

ranges 6:0� 10ÿ7 ÿ 1:8� 10ÿ5 M and 3:0� 10ÿ7ÿ
1:1� 10ÿ5 M for BCG and BTB, respectively. The

regression line equations were derived to be

Y � 0:009� 2:1� 104 X�M� and Y � 0:003� 3:0�
104 X�M� for BCG and BTB, respectively. Table 4

summarizes the optimum conditions for determination

of NIZ as well as the spectral characteristics of the ion-

pairs.

Six replicate determinations at different concentra-

tion levels were carried out for pure raw material to

test the precision of the method. The relative standard

deviations were found to be in the range 2.1±6.0% and

1.2±4.7% for BCG and BTB methods, respectively.

Table 5 summarizes the results obtained for the deter-

mination of NIZ using the suggested voltammetric

and spectrophotometric methods as well as other

reported methods.

Spectrophotometric Analysis of Pharmaceutical

Formulations

The validity of the proposed spectrophotometric

method for determination of NIZ using BCG reagent

was checked by determining NIZ in axid tables (150

and 300 mg NIZ per tablet). Recovery in the range

99.6±100.2% was obtained.

Conclusion

The proposed voltammetric method, based on the

adsorptive cathodic stripping analysis at HMDE could

be successfully used for determining NIZ as raw

material and in pharmaceutical formulations. The

method was proved to be sensitive, accurate and

precise (rsd� 1.2±2.0%) with a linear range of

3:0� 10ÿ8 ÿ 1:0� 10ÿ6 M NIZ. The advantage of

the voltammetric method lies in its lower detection

limit �3:0� 10ÿ8 M�, economy of time and reagents.

On the other hand, excipients in the dosage forms do

not interfere in the analysis. These advantages make

the voltammetric method suitable for routine quanti-

®cation of NIZ in pharmaceutical preparations,

whereby there is no of®cial method for the determina-

tion of nizatidine as a drug listed in the pharmaco-

poeias.

Comparison between different methods for deter-

mination of NIZ (Table 5) indicates that the proposed

voltammetric method is the most sensitive with the

lowest detection limit. The proposed two spectro-

photometric methods using BCG and BTB can be

used as alternative methods for spectrophotometric

determination of NIZ with reasonable sensitivity,

selectivity and accuracy.

Acknowledgment. The authors thanks the Ely-Lilly company (India-
napolis, USA) for their supplied the raw material.

References

[1] J. T. Callaghan, Scand. J. Gastroenterol. 1987, 22, 9.
[2] A. Tracqui, P. Knitz and P. Mangin, J. Chromatogr. Biomed.

Appl. 1990, 94, 369.
[3] G. Carlucci, J. Chromatogr. Biomed. Appl. 1990, 90, 490.
[4] A. Tracqui, P. Knitz, P. Kreissig, P. Mangin, A. A. Lugnier, A.

Chaumont, Fresenius Z. Antal. Chem. 1988, 332, 468.
[5] D. Minic, J. Petkovic, Z. Koricanac, T. Jovanovic, J. Pharm.

Biomed. Anal. 1996, 14, 1355.
[6] S. Vladimirov, J. Brboric, M. Svonja, D. Zivanov-Stakic, J.

Pharm. Biomed. Anal. 1995, 13, 933.
[7] K. Nikolic, M. Bogavac, B. Stankovic, J. Pharm. Biomed.

Anal. 1995, 13, 683.
[8] Z. Koricanac, T. Jovanovic, B. Stankovic, Pharmazie 1995,

50, 151.
[9] V. Kapetanovic, L. Milovanovic, S. Vladimirov, Farmaco.

1994, 49(5), 377.
[10] P. M. Bersier, J. Bersier, G. Sedelmeier, E. HungerbuÈhler,

Electroanalysis 1990, 2, 373.
[11] J. Want, Analytical Voltammetry. VCH Publisher, 1994.
[12] S. Glodowski, R. Bilewicz, Z. Kublik, Anal. Chim. Acta 1986,

186, 39.
[13] P. M. Bersier, J. Bersier, Analytical Voltammetry Comprehen-

sive Analytical Chemistry, Vol XXVII. In: M. R. Smyth, J. G.
vos (Eds.) Elsevier, Amsterdam, 1992.

[14] J. Heyrovsky, P. Zuman, Practical Polarography. Academic
Press Inc., London Ltd. 1968, pp. 179.

[15] A. Z. Abu Zuhri, M. A. Hannoun, S. I. Al-Khalil, H. Hasna,
Anal. Lett. 1988, 21(10), 1845.

[16] M. D. Zamareno, H. J. Mendez, S. A. Perez, Anal. Chim. Acta
1985, 176, 279.

[17] J. A. Squella, C. Rivera, I. Lemus, L. J. Nunez-Vergara,
Mikrochim. Acta I 1990, 343.

[18] J. A. Squella, G. Valencia, I. Lemus, L. J. Nunez-Vergara, J.
Assoc. Off. Anal. Chem. 1989, 72(4), 549.

[19] E. Laviron, J. Electroanal. Chem. 1974, 52, 35.

Received April 19, 1999. Revision August 30, 1999.

160 Voltammetric and Spectrophotometric Determination of Nizatidine in Pharmaceutical Formulations


