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Basavaraj et al.: An Experimental Design Approach for Cefixime in Dosage Form

Two simple, sensitive and precise spectrophotometric methods for the assay of cefixime in either pure form 
or in its pharmaceutical dosage form are described. The method I is based on the reaction of salicylaldehyde 
with cefixime resulting in a yellow coloured product, absorbs at λmax 425 nm. The second method describes 
the reaction between the diazotized drug and N-(1-naphthyl)ethylenediamine dihydrochloride to yield a 
purple coloured product with λmax at 567 nm. The reaction conditions were optimized to get maximum 
colour intensity. The absorbance was found to extend linearly with increasing the concentration of cefixime 
the systems obeyed the Beer’s law within the range of 2-10 µg/ml and 5-25 µg/ml for salicylaldehyde 
and N-(1-naphthyl)ethylenediamine dihydrochloride methods. Common excipients used as additives in 
pharmaceutical dosage don’t interfere within the proposed analytical methods. The products are stable 
for over 6 h and 10 h respectively. The proposed methods are simple, sensitive, accurate and suitable for 
quality control uses.
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Cefixime (CFX) is designated and chemically 
known as 7-(Z)-[2-(2-aminothiazol-4-yl)-2-
carboxymethoxyimino)acetamido]-3-cephem-4-
carboxylic acid trihydrate[1,2]. CFX is an antibiotic and 
third generation cephalosporin and it is extremely stable 
within the presence of beta-lactamase enzymes. CFX 
is employed within the treatment of the subsequent 
infections caused by susceptible strains of the designated 
microorganism; uncomplicated urinary tract infections 
caused by Escherichia coli and Proteus mirabilis, 
otitis media caused by Haemophilus influenza (beta-
lactamase positive and negative strains), Moraxella 
catarrhalis most of which are beta-lactamase positive 
and Streptococcus pyogenes, pharyngitis and tonsillitis 
caused by Streptococcus pyogenes, acute bronchitis and 
acute exacerbations of continual bronchitis caused by 
Streptococcus pneumonia and Haemophilus influenzae 
and uncomplicated gonorrhea caused by Neisseria 
gonorrhea.
Literature survey reveals that only a few methods 
like spectrophotometric[3-6], High Performance Liquid 
Chromatography (HPLC)[7-10], High Performance 

Thin Layer Chromatography (HPTLC)[11,12], Liquid 
Chromatography-Mass Spectrometry (LC-MS)
[13,14], high performance capillary electrophoresis[15,16] 
and spectrofluorimetric methods[17-19], are available 
for the analysis of CFX. In continuation of our 
research on spectrophotometric determination of 
organic compounds of pharmaceutical importance, 
this communication reports two spectrophotometric 
methods for the determination of CFX in either pure 
form or in pharmaceutical dosage forms. Both regents 
are used for the primary time in CFX analysis.

The simplicity of these methods is that the reagent utilized 
in both the methods is well available and therefore the 
chemistry of the reagent is already well established. 
The reaction involved these reagents are easy, rapid and 
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sensitive within the ranges of determinations compared 
with other established methods. These methods 
involve the formation of highly coloured species that 
are stable for 6 h and 10 h respectively, which makes 
it easier for the determination. In continuation of our 
research work on drug analysis[20-23], we hereby report 
two simple and sensitive spectrophotometric methods 
for the determination of CFX in either pure form or in 
pharmaceutical dosage forms.

MATERIALS AND METHODS

Apparatus:

An ELICO Model SL-164 double beam, Ultraviolet 
(UV)-visible spectrophotometer with 1.0 cm matched 
quartz cells was used for absorption measurements.

Materials:

Drug (Gift sample from Alkem Laboratories Limited, 
India), salicylaldehyde (SLD) (S.d. Fine Chem., India) 
and N-(1-naphthyl)ethylenediamine dihydrochloride 
(NEDA) (S.d. Fine Chem., India) were used. All other 
chemicals and solvents were of analytical reagent grade.

Standard solutions:

CFX (pure or dosage) (100 mg) was accurately 
weighed and dissolved in 20 ml of 0.1 N Hydrochloric 
Acid (HCl) solution and then the resulting solution 
was transferred to a regular 100 ml volumetric flask. 
The ultimate volume was made upto the mark with 
demineralised water. The ultimate concentration was 
brought upto 100 µg/ml with demineralised water. A 
0.5 % alcoholic solution of SLD and 0.5 % aqueous 
solution of NEDA were freshly prepared.

Analytical procedure:

In method I, aliquots of the working standard solution 
(0.2-1.0 ml) of CFX (100 µg/ml) were transferred into 
a series of 10 ml calibrated flask. To each, 1.0 ml of 0.5 
% alcoholic solution of SLD was added. The solutions 
were swirled and heated to 60° to 70° for 10 min. 
After cooling, the level was made upto the mark with 
demineralised water. The absorbance was measured 
at 425 nm against corresponding reagent blank and 
calibration graph was constructed.

In method II, aliquots of the working standard solution 
(0.5-2.5 ml) CFX (100 µg/ml) were transferred into 10 
ml calibrated flasks, 0.2 ml of concentrated HCl was 
added, cooled in an ice bath and 1.0 ml of 0.5 % sodium 
nitrite solution was added. The solutions were cooled to 

0° and 0.5 ml of 0.5 % ammonium sulfamate solution 
was added and stirred for 5 min. Then 1.0 ml of 0.5 
% NEDA solution was added and made upto the mark 
with demineralised water. The solutions were mixed 
thoroughly and the absorbance was measured at 567 
nm against reagent blank and calibration graph was 
constructed.

Assay of the drug in commercial dosage forms:

10 to 20 tablets looking on the content per tablet 
were weighed and mixed thoroughly. An amount of 
the powder corresponding to 100 mg of the active 
component was weighed into a 100 ml volumetric flask, 
about 60 ml of 0.1 N HCl solution was added and shaken 
thoroughly for about 20 min, the level was increased to 
the mark with demineralised water, shaken and filtered 
using paper. For spectrophotometric determination, the 
filtrate was diluted sequentially to induce 100 µg/ml for 
drug.

RESULTS AND DISCUSSION
In the method I, the drug undergoes condensation with 
alcoholic SLD to form Schiff’s base and concerning the 
method II, the drug undergoes diazotization followed 
by coupling with the NEDA in aqueous medium.

The absorbance spectra of the yellow coloured product 
(CFX-SLD) with wavelength of maximum absorbance 
(λmax) 425 nm and of the purple coloured product (CFX-
NEDA) with λmax 567 nm are shown in fig. 1. The above 
mentioned blanks have practically negligible absorption 
in both the methods.

 
Fig. 1: Absorbance spectra of CFX-SLD and CFX-NEDA 
reaction products, CFX is cefixime; SLD is salicylaldehyde; 
NEDA is N-(1-naphthyl)ethylenediamine dihydrochloride 
at initial concentrations of CEX were 6 µg/ml and 15 µg/ml, 
respectively, ( ) CFX-SLD; ( ) CFX-NEDA
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In the method I, it was found that 0.2-1.0 ml of 0.5 
% alcoholic SLD solution was necessary to achieve 
maximum colour intensity. In the method II, it was 
found that 0.2-1.0 ml of concentrated HCl, 0.5-
2.5 ml of 0.5 % sodium nitrite, 0.5-2.5 ml of 0.5 % 
ammonium sulfamate and 0.5-2.5 ml of 0.5 % aqueous 
NEDA solutions were necessary for the occurrence 
of maximum colour intensity. The surplus of nitrite 
might be removed by the addition of 0.5 ml of 0.5 
% ammonium sulfamate which has no consequence 
on the color intensity of the product formed. Just in 
case of NEDA as a coupling agent, dilution of the 
coloured solution with different solvents like water, 
methanol, ethanol, carboxylic acid and acetonitrile are 
tested. However, dilution with water gave maximum 
intensity and stability of colour. The central composite 
experimental design has been used to screen the effect 
of both the reagents in the proposed methods.

For the method I and II, Beer’s law was obeyed over 
the concentration range of 2-10 µg/ml and 5-25 µg/
ml respectively. The proposed procedures were 
validated by determining various optical parameters 
which are presented in Table 1. The linearity, slope 
and intercepts are calculated using the regression 
equation y=ax+b, where ‘y’ represents optical density, 
‘x’ the concentration of the drug in µg/ml and ‘a’ 
and ‘b’ represents slope and intercepts, respectively. 
Precision and accuracy of the proposed methods were 
tested by effecting the determination of eight replicates 
of pure and commercial sample of the drug, whose 
concentration lie within Beer’s law range. The values of 
Standard Deviation (SD), Relative Standard Deviation 
(RSD) and range of error at a 95 % confidence limit 
level were calculated.

There was no change in λmax when the smallest amount 
concentration of the analytes is determined, for the 
calculation of Limit of Detection (LOD). Limit of 
Quantification (LOQ) was found to be 3.3 times 
that of LOD, which is in accordance with Thumb’s 
rule. The experiment for the proposed methods was 
conducted by the second analyte on different days and 
the consequences produced, justified the ruggedness 
of the proposed method. These methods are applied 
to pharmaceutical dosage forms and recovery studies 
are made. The optical characteristics and precision data 
for these two methods recommended are presented in 
Table 1.

In method I the drug containing aromatic amine 
undergoes condensation with alcoholic SLD yields 
a yellow coloured Schiff’s base product scheme I  

(fig. 2). Method II includes the diazotization of the drug 
to make diazonium salt which on coupling with NEDA 
yields a purple dye. The reaction mechanism (CFX-
NEDA) method is revealed in scheme II (fig. 3). The 
coloured products were found to be stable for 6 h and 
10 h respectively at room temperature. Reproducible 
results were obtained within the temperature range of 
20°-70°.

A detailed study of the interference of assorted 
concomitant substances on the determination of the 
drugs was made. For method I, 6 µg/ml CFX was 
chosen to test interference. In method II, 15 µg/ml 
CFX was utilized for the study of interference. Prior 
to the addition of reagents, a known amount of the 

Fig. 2: The reaction mechanism of (CFX-SLD) method, CFX is 
cefixime and SLD is salicylaldehyde

Parameter/characteristics Method I Method II

Colour Yellow Purple

λmax (nm) 425 567

Stability (h) 6 10

Beer’s law range (μg/ml) (C) 2-10 5-25

LOD (μg/ml) 0.28 0.26

LOQ (μg/ml ) 0.92 0.86

Molar absorptivity (l/mol/cm) 3.584×104 7.951×103

Sandell’s sensitivity (μg/cm2 ) 0.015 0.057

Regression equation (Y)a

Slope (a) 2.2×10-2 2.3×10-2

Intercept (b) 6.2×10-2 1.5×10-3

Correlation coefficient (r) 0.9996 0.9999

RSD (%)b 0.32 0.53

% Range of error’sb ±0.0018 ±0.0017

TABLE 1: PARAMETERS FOR THE 
SPECTROPHOTOMETRIC DETERMINATION OF 
DRUG

Note: RSD is relative standard deviation; aY=ax+b, where x is the 
concentration in μg/ml; beight replicates
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interfering substance was added and thus the reaction 
was conducted for both the methods. The extent of 
interference by various excipients is studied for both 
methods and is tabulated in Table 2. It is observed 
that both the methods delivered excellent results for 
the determination of pure CFX within the presence of 

excipients which don’t interfere in both the methods. 
An inaccuracy of 2.0 % in the absorbance reading was 
considered allowable.

The developed methods were applied to the purity 
of active component in commercially obtainable 
tablets and thus the results are signified in the  

Fig. 3: The reaction mechanism of (CFX-NEDA) method, CFX is cefixime and NEDA is N-(1-naphthyl)ethylenediamine 
dihydrochloride

Material Amount (mg)
% Recovery of drug±RSDb

Method I Method II
Magnesium stearate 20 99.68±0.28 99.79±0.16

Lactose 20 99.79±0.12 99.86±0.24

Dextrose 20 99.77±0.14 99.68±0.13

Starch 20 99.78±0.12 99.76±0.24

Gum acacia 20 99.68±0.24 99.81±0.19

Talc 20 99.72±0.32 99.68±0.22

Carboxy methyl cellulose 20 99.89±0.15 99.70±0.41

Sodium alginate 20 99.62±0.21 99.67±0.36

TABLE 2: DETERMINATION OF CFX IN THE PRESENCE OF EXCIPIENT AND OTHER SUBSTANCESa

Note: RSD is relative standard deviation; aMethod I, 6 μg/ml of drug taken; Method II, 15 μg/ml of drug taken; bAverage of five determinations
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Table 3. The identical batch tablets were also analyzed 
by the official method[6]. A statistical analysis of the 
results using the Student’s t-test and F-test showed no 
significant differences with relevance to the accuracy 
and precision. The variety of statistical methods may 
be used to compare three or more sets of data; however, 
the most commonly used method is an Analysis of 
Variance (ANOVA) in t-test and F-test which can clearly 
describe the validation of the proposed spectroscopic 
methods statistically. The reliability and accuracy of the 
methods were further confirmed by recovery studies by 
the standard-addition method.

To a set and known quantity of the drug during a tablet 
solution (pre-analysed), pure CFX was added at three 
dissimilar levels which was found by the proposed 
methods. Each level was repeated 3 times using three 
different market dosages. The percent recoveries 
of the added pure drug are given in Table 4, which 
specifies normally encountered tablets, excipients 
didn’t interfere with the determination by the proposed 
methods. The proposed methods use eco-friendly and 
need economical chemicals and rarely employ organic 
solvents.

CFX is determined by a different kind of technique, 
the methods illustrated here are simple, sensitive, 
convenient and don’t entail special working conditions. 
The statistical parameters and the recovery study 
data evidently indicate the reproducibility and 

accuracy of the new experimental design approach of 
spectrophotometric method for the determination of 
CFX. These methods may possibly be considered for 
the determination of CFX in routine pharmaceutical 
laboratories.
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