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Abstract  From this study, methods for quantitative analysis were developed to determine cefuroxime sodium in the raw 
material and in pharmaceutical formulat ions. These tests included instrumental methods such as spectrophotometry in the 
ultraviolet, visib le and infrared, h igh performance liquid chromatography and potentiometric determination by 
microbio logical methods (agar diffusion and turbidimetric). The concentration range determined fo r each method varied 
greatly, which increases the usability of cefuroxime fori dentify ing quality control. In  spectrophotometric methods 
cefuroxime was determined from 5.0μg/ml to 2.0mg/mL.The microb iological methods  have determined the drug 
concentration 30.0-120.0 μg/ml and HPLC ranged from 10.0to15.0μg/ml.The results obtained by analysis of the dosage form 
were compared to results obtained by analysis of the reference substance and showed significance. These methods proved to 
be reproducible and rapid determination of cefuroxime can be routinely used in quality control analysis. 
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1. Introdution 
Cefuroxime is a  second generation cephalosporin first 

commercially available to be widely used in therapy. 
In the last decade the study of the cephalosporin molecule 

has been supported by the acquisition of knowledge of 
structure-activity relat ionships of potential sites for 
replacement of the parent molecu le cephalosporin and allows 
the "construction" of molecules increasingly powerful[1]. 

Since the first cephalosporin administered orally, 
cephalexin was licensed in 1968, progress has been made in 
the development of analogues more stable beta-lactamase 
with a broad spectrum antibacterial and pharmacokinetic 
properties and better metabolic: cefuroxime sodium follows 
this tendency. 

Cefuroxime {4 - (carbamoxylomymethyl) -8 -[2-2-furyl-
2-methoxyimino-acetyl] amino-7-oxo-2-th ia-6-azabicyclo[4
.2.0] oct-4-ene-5-carboxylic acid} (Figura 1) is a second 
generation cephalosporin inject ion is structurally similar to 
other third-generation cephalosporin such as cefotaxime and 
ceftazidime[2]. 

It is h ighly effective and safe fo r the treatment of 
respiratory and urinary infections, but not active in vitro 
against Pseudomonas, Helicobacter (Campylobacter), 
methicillin resistant Staphylococcus aureus and S. 
epidermidis[3]. 
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Figure 1.  Structure of cefuroxime sodium 

The literature h ighlights several methods for 
determination of cephalosporin[4-15], but specifically for 
cefuroxime no review of such methods.  

The identification of drugs is a question basic efficacy and 
safety of the product produced. Failure to comply with the 
criteria for quality of raw materials used in the production of 
medicines can interfere with the quality biopharmaceutical, 
and the realization of fundamental physical and chemical 
analysisof the raw material to be used in the manufacture of 
medicines to ensure their suitability fo r pharmaceutical 
compendia.  

Thus, objective of this study is to select and develop 
specific procedures for the quantitative determination of 
cefuroxime sodium in pharmaceutical products andin the 
presence ofβ-lactam antib iotics other and can be used 
routinely in analysis ofquality control in pharmaceutical 
industry. 

2. Materials and Methods  
2.1. Collection and Sample Preparation 

We used reference substance (Batch G060123), kindly  
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provided by Glaxosmithkline (Rio de Janeiro, Brazil). The 
commercial samples (powder for solution for inject ion) for 
cefuroxime sodium were purchased from Cellofarm 
Pharmaceuticals under the trade name Zencef®. Each v ial 
contains cefuroxime sodium equivalent to 750 mg - Batch: 
7400444. The reference substance presented declared purity 
of 97.4%, purified water used in the preparation of the 
solutions were obtained by the Milli-Q system (Millipore®, 
California) and all reagents and solvents used were of 
analytical grade. 

2.2. Spectrophotometric Methods  
a) Ultrav iolet spectrometry : u ltravio let spectrum was 

obtained in UV-VIS spectrophotometer Shimadzu UV-1240 
using mini quartz cells of 1 cm optical path. The reading was 
performed at 280 nm. The calibration curve was determined 
in solutions prepared with water in concentrations ranging 
5-14 μg/mL of sodium cefuroxime substance. Validation 
parameters were determined and after they became the 
determination of cefuroxime sodium in pharmaceutical form 
in triplicate. 

b) Spectrophotometry in the visible region: the spectrum 
in the visible reg ion was obtained using UV-VIS 
spectrophotometer equipment Shimadzu UV mini-1240 and 
quartz cells of 1 cm optical path. Measurements were taken 
at 510 nm, and the calib ration curve determined with 
solutions prepared in purified water at  concentrations 
ranging from 100.0 to 300.0 μg/mL. Were added to each 
solution 1 ml of solution of Fe (III) and 0.01 M solution of 
500 mL of 0.02 M o-phenanthroline. Validation parameters 
were determined and after they became the determination of 
cefuroxime sodium in pharmaceutical form in triplicate.  

c) Spectrophotometry in the infrared region: we used 
conventional spectrophotometer Shimadzu (Columbia, USA) 
with scan spectra that allows for analysis of electronic files. 
Equivalent weight were taken at 0.5, 0.7, 1.0, 1.5 and 2.0 mg 
of cefuroxime sodium reference substance (previously 
diluted in potassium bromide 1:10) and diluted in potassium 
bromide (Merck PA ) p reviously dried to constant weight 
and the pellets were prepared for reading with a total of 250 
mg per tablet. The absorbance readings were performed in 
order to evaluate the intensity of peaks. Validation 
parameters were determined and after they became the 
determination of cefuroxime sodium in pharmaceutical form 
in triplicate. 

2.3. Methods Microbiological  

a) Agar diffusion assay: the culture media, as well as 
purified water, were sterilized  by autoclaving at 121°C for 15 
minutes. Petri dishes were used with 20.0mm h igh and 100.0 
mm d iameter stainless steel and templates. These materials 
were sterilized in an oven at 200°C for 1 hour. Were chosen 
Micrococcus luteus (ATCC 9341) as standard 
microorganis m at a  concentration of 2.0%, means No. 1 and 
No. 2 Grove-Randall for base layer and surface respectively 
and water as d iluent solution concentrations of the drug in 
30.0, 60.0 and 120µg/ml. The standardization of the assay 

was performed  using 3 x 3 technique described for other 
antimicrobial agents[16]. Validation parameters were 
determined and after they are made to determine the potency 
of cefuroxime sodium in pharmaceutical form in trip licate. 

b) Turbid imetric method: test tubes were used with 20.0 
cm high and 4.0 cm in d iameter were sterilized by 
autoclaving at 121°C for 15 minutes, and the purified  water. 
For the incubation of microorganisms used to shaker 
incubator unit Marconi MA420® model for bacterial cu lture 
and greenhouse ECB Digital 1.2 (Odontobrás®). The 
readings were taken in a spectrophotometer BeckmanDU® 
530 model. Micrococcus luteus were chosen (ATCC 9341) 
microorganis m as standard at a concentration of 2.0% BHI 
broth and water as the diluent solution of the drug 
concentrations 30.0, 60.0 and 120 µg/mL. Validation 
parameters were determined and after they are made to 
determine the potency of cefuroxime sodium in 
pharmaceutical form in triplicate. 

2.4. Chromatographic Methods 

a) High perfo rmance liquid chromatography: analyses 
were performed  on liquid chromatograph Waters 1525 
Binary HPLC with UV detection Tump/Vis (Milford, MA), 
manual in jector Rheodyne 7725i Breeze and employed 
054,275 Wat C18 co lumn (Milford, MA) d imensions 150 
mm x 4.6 mm and part icle size of 5 μm and pre-co lumn 
Waters. The mobile phase was prepared from a mixture of 
methanol (HPLC grade) and water (purified by reverse 
osmosis) in the ratio 70:30, v:v, filtered through a membrane 
of 0.45 μm in pore size and 47 mm diameter, under vacuum, 
and degassed for 15 minutes. After stabilizat ion of the 
system were injected preset volumes of 20.0 µL of solution 
previously filtered through a membrane. The calibration 
curve was constructed with solutions of concentration 
between 10.0 to 15.0 µg/ml of cefuroxime sodium. 
Validation parameters were determined and after they 
became the determination of cefuroxime sodium in 
pharmaceutical form in triplicate. 

3. Results and Discussion 
Ultrav iolet  spectrophotometry:the u ltraviolet  absorption 

spectra are useful tools in the identification of o rganic 
compounds and elucidation of its structure, however detailed 
the relationship between molecular structure with absorption 
bands is quite extensive, but informat ion relat ing to a 
compound of unknown structure can sometimes be obtained 
by direct comparison of its absorption spectrum with the 
model compounds of known structure[17]. The calibration 
curve was made by plotting absorbance values versus the 
concentration of reference substance and Beer's Law was 
valid in the range 5.0 to 14.0 µg/mL. The correlation 
coefficient (0.9996) and the equation of the line slope, y = 
0.0412x - 0.0328 were calculated using the method of least 
squares. The molar absorptivity value was 1.15 x 104L 
mol-1cm-1. The repeatability of the method was determined 
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by analysis of six replicates of the sample, each at 
concentration of 10 µg/mL. At this concentration, the 
relative standard deviation was 1.40%. The effectiveness of 
the method was evaluated by calculation of the F-test 
(variance ratio) and compared with the official method[18; 
19]. Measurements of F-test values were obtained with 95% 
confidence (Table 1). The results show that the calculated F 
(2.81) does not exceed the theoretical value of 3.11 which is 
not significantly different from the official method[20].The 
accuracy was determined by the recovery test. Was obtained 
in this test recovery of 100.83% which is satisfactory and is a 
mandatory requirement for the validation of analytical 
methods. The accuracy of the method was obtained using six 
determinations of cefuroxime sodium in jection, each 
preparation being carried out in trip licate and the 
measurements of different preparations. The robustness 
evaluated the reliab ility of the method proposed by changing 
the pH, which rose from 7.2 to 6.8 and by changing the value 
of that wavelength was changed of 280.0 nm and 283.0 nm. 
It can be seen that even with the change in these parameters 
the values found in three determinations of cefuroxime 
sodium in the product are in the level set that is 99-102% of 
the content. The average content of cefuroxime sodium in 
vials was 749.19 mg (99.89%) determined for six 
consecutive days and in triplicate, and each measurement 
originates from d istinct solutions. The spectrophotometric 
method has low specificity for compounds containing 
β-lactam ring which absorb in the range of 250-270 nm[21]. 
However, the proposed method and the literature[22] show 
that this method has a good specificity and selectivity for the 
determination of sodium cefuroxime in  the in jectable 
pharmaceutical form. 
Table 1.  Analysis of variance of the absorbance values determined in 
obtaining the analytical curve of cefuroxime sodium (reference substance) 
using the spectrophotometric method in the UV region 

Sourcesofvariation df SS MS F cal Ftab 
between 5 0.3163 0.06326 361.5* 3.11 

linear Regression 1 0.3160 0.3160 320.5* 4.75 
Deviation from 

linearity 4 0.002244 0.000561 0.05 3.26 

residue 12 0.0021 0.000175   
total 17 0.3184    

Spectrophotometry in the visible reg ion: the region of the 
visible in pharmaceutical analysis is widely used for 
identification and assay of drugs and medicines. All 
spectrophotometric techniques are based on chemical 
interaction with a radiant energy and, in most cases; the 
effect of this interaction is the energy absorption by the 
material being analyzed[23; 24]. Different parameters affect 
the oxidation reaction and therefore the determination of 
cefuroxime sodium was optimized. These include the acid, 
the concentration of solutions of Fe (III) and 
o-phenanthroline and reaction temperature. The quantitative 
formation of the complex can be completed in  the pH range 
between 2 and 9[25].Different pH values in the range 
between 3 and 5 were tested. At pH> 5.0, the solubility of 
o-phenanthroline was incomplete. The maximum analytical 

signal was observed at pH 4.2, and then the solution of 
o-phenanthroline was maintained at this pH value. The effect 
of acid ification of the solution of Fe (III) on the absorbance 
was observed and the change the concentration of H2SO4 
(0.3 to 1.4 M) in the absorbance of the formed complex show 
an increase of absorption to a value of 0.8 M. The influence 
of the concentration of Fe (III) in the analytical signal was 
also investigated and it was observed a maximum 
absorbance obtained with a solution of Fe (III) 0.01 M, 
which was used for all analysis. Different concentrations of 
o-phenanthroline in the range of 0.01 to 0.08 M citrate buffer 
were tested. At low concentrations, the peak separation was 
observed due to incomplete reaction. W ith increasing 
concentration of o-phenanthroline, absorbance also 
increased showing a maximum concentration of 0.06 M was 
used throughout the experiment. The absorption spectrum 
showed absorption peak maximum at 510.0 nm, using an 
aqueous solution of sodium cefuroxime to 500.0 µg/mL. The 
linear calibrat ion curve and compliance with Beer's law was 
proven by values of correlation coefficients, 0.9991 in the 
concentration range from 100.0 to 300.0 µg/mL. The 
equation of the line was y  = 0.0751 x + 0.179. The intraday 
precision was evaluated by analysis of five different 
concentrations and betweendaysprecision was similarly 
evaluated on three different days. The results in both tests 
showed high accuracy, and the relative standard deviation 
did not exceed 2% (Tab le 2). The method performance was 
determined by the value will value F . The results showed 
that the calculated values of t and F did not exceed the 
theoretical value with 95% confidence[20].These results 
indicate that this method does not differ significantly  from 
the official method which is the high performance liquid 
chromatography. The recovery test was performed with the 
objective of demonstrating accuracy of the procedure. Thus, 
known amounts of reference substance were added to 
solutions of sodium cefuroxime sample for quantificat ion of 
the substance. The average recovery was 99.98%. With this 
result proved the correctness of the proposed method, which 
is one of the mandatory requirements of the analytical 
methods. The robustness evaluated the reliability of the 
method proposed by the change of equipment and small 
changes of the value of that wavelength 510.0 nm and 515.0 
nm was changed to. It can be seen that even with changing 
these parameters, the values found in three determinations of 
sodium cefuroxime in the product are in the level set that is 
99.0-102.0% of the content. 

Table 2.  Quantities determined for the assay sample cefuroxime sodium 
(750.0 mg) by the spectrophotometric method in the visible region at 510.0 
nm 

Assays Abs* amountfound 
(mg) percentage Mean ± 

m.s.e. RSD(%) 

I 0.295 764.39 101.92 

99.82 ± 
0.66 

 
1.48 

 

II 0.299 755.07 100.68 
III 0.299 735.23 98.03 
IV 0.299 736.66 98.22 
V 0.297 749.51 99.93 
VI 0.296 751.06 100,14 
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Figure 2.  IR spectrum in the region of cefuroxime sodium sample into KBr pellets 

The infrared spectrophotometry: in  the first step of the 
development work of the analytical method has been studied 
the infrared spectrum of cefuroxime sodium (reference 
substance) to identify  the bands of the spectrum, which 
showed that cefuroxime sodium has an intense band at 
3365.78 cm-1 (Figure 2) which is assigned to the primary 
amine grouping of the molecule. The results showed a linear 
relationship between the concentrations of cefuroxime 
sodium reference substance used in the preparation of tablets 
versus absorbance, with the possible construction of the 
calibrat ion curve, which showed the straight line equation y 
= 0.5053x - 0.0114 and coefficient of linear regression of 
0.9991, indicating the linearity of the method and therefore 
the possibility  for it to be used for quantification of 
cefuroxime sodium. The results for the d rug were 100.25%, 
showing good accuracy and precision, with relative standard 
deviation of 1.00%. The recovery test was performed  with 
the objective of verifying the accuracy of the proposed 
method and was 99.83%. With this result was confirmed the 
accuracy of the proposed method, which is one of the 
mandatory requirements of the analytical methods. The 
relative standard deviation was 0.82%. Currently, the 
combination of near infrared spectrophotometry and multiv
ariate calibration has been widely used in the determination 
of various substances including, pharmaceuticals and food 
products and is pointing to the emerging methods of 
quantitative analysis[26]. Thus, we conclude that the present 
investigation demonstrated that infrared  spectroscopy, 
hitherto employed for the identification of substances, can be 
extended to the quantification of drugs, making possible its 
application in routine analysis of quality control. 

Microbiological analysis in  agar d iffusion: the 
quantification of antimicrobial agents by chemical methods, 
such as high performance liquid chromatography and 
spectrophotometry to show accurate, but do not provide true 
indication of bio logical activity[27]. An advantage of this is 
determining not require specialized and expensive 

equipment, and does not use solvents potentially toxic to the 
analyst, and for the environment. Although microb iological 
methods show a relatively  simple performance, many 
aspects must be considered in its development, to ensure they 
are sufficiently safe and accurate, such as incubation 
temperature, thickness of the agar, microorganism used, and 
the diluent solution pH between other characteristics. To 
ensure the validity of the d issemination of microb iological 
assay agar, in determining the power of cefuroxime sodium, 
three different concentrations were used to sample the same 
as the reference substance, of 3 × 3 design (Figure 3)[16]. 
These doses are in a geometric progression as the system 
used has a linear relationship between the logarithm of the 
concentration of substance tested and the diameters of the 
inhibit ion zones. The results obtained analytical curve was 
constructed with a solution of 30.0, 60.0 and 120.0 µg/mL. 
The solutions were made in trip licate, with a correlation 
coefficient equal to 0.9999. The equation of the line was y = 
1.8205 Ln  (x) + 19.297. The assay method of the cylinder 
agar diffusion plates developed and validated for cefuroxime 
sodium proved to be precise, accurate and linear. The 
recovery test was performed with the objective of verifying 
the accuracy of the proposed method. Was obtained in this 
test an average recovery of 100.77%. The accuracy of the 
method was obtained using six determinations of cefuroxime 
sodium sample. The relative standard deviation was 
0.3376%, and can reach 15% accord ing to official literature 
[16; 19; 20], and the content of cefuroxime sodium was 
determined in  the sample calculated by the equation 
Hewitt[28] to obtain an average content of 99.96%, 
demonstrating the proximity of the results obtained by the 
proposed method with reference values accepted as that for 
the finished product should vary no more than 10% the 
nominal value, according to references pharmacopoeia[16; 
19;  20]. Among the variables evaluated in the trial, those 
who need to be completed to validate the proposed method 
are linear regression and the range of doses, which should be 
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significant. The variation between preparations, the 
deviation from parallelis m, linearity deviation and variation 
between boards should be insignificant. In all tests these 
conditions are met (Table 3). The proposed method consists 
of a technique fo r expressing the potency of the product since 
it has sensitivity, linearity, accuracy and precision 
appropriate second validation concepts presented in the 
Brazilian Pharmacopoeia[16] and Riley and Rosanske[29]. 

 
Figure 3.  3 x 3 Design for cefuroxime bioassay, where: S: standard and T: 
test. S1 (30 μg/mL); S2 (60 μg/mL); S3 (120,0μg/mL); T1 (30 μg/mL); T2 
(60 μg/mL) and T3 (120,0 μg/mL) 

Analysis by the turbidimetric method: allows the 
determination of drug potency, by measuring the turbidity 
(absorbance), caused by inhibition of microorganism by 
antimicrobial. According to the Brazilian[16] andBritish[20] 
Pharmacopoeia, the model of parallel lines is used, the two 
lines dose - response of the sample and the reference 
substance should be parallel and linear at  the concentrations 
used in the calculation. These conditions are verified by 
statistical analysis, described in these codes. Statistical 
analysis showed that there is no deviation from linearity of 
the calibration curves derived from reference substance and 
sample. The correlation coefficients are 0.9997 and 0.9991 
for the reference substance and the sample, respectively, 
values close to unity, which are excellent in the case of a 
bioassay (Figure 4). It was shown statistically that there is no 
significant difference in the slope of the analytical reference 
substance and sample. 

The coefficient of variat ion of the absorbance obtained by 
the growth inhibition assay of sample on average 0.95%, less 
than 5% of the recommended[30]. The selectivity was 

determined by calcu lating the homogeneity of variances (F) 
and by comparing the mean (t) being the two variables as 
expected, ie calcu lated value less than tabulated value. The 
amount of cefuroxime sodium present in the samples, 
99.37%, is in accordance with the official compendium 
which is from 90.0 to 110.0%[16; 18]. The accuracy was 
confirmed by the recovery test, estimated the average of 
100.81%. The parameters studied to validate the 
turbidimetric method met the specificat ions for the proper 
quantification of cefuroxime sodium in injectable dosage 
form. The proposed method is a technique for expressing the 
potency of the product, since it presents sensitivity, linearity, 
repeatability, accuracy and precision appropriate[16]. It  is 
also advantageous because it does not use toxic reagents and 
solvents and is faster than the agar diffusion method, as are 
required only 4 hours of incubation, while the other requires 
at least 18 hours. 

High performance liquid chromatography: a h igh 
performance liquid chromatography (HPLC) is a technique 
frequently used in the quantification of drugs in 
pharmaceutical formulations, one of the most advanced 
techniques of separation and quantification of substances on 
the timescale of a few minutes withhigh resolution, 
efficiency and sensitivity. According to USP[18], mobile 
phase used for determining comprises cefuroxime sodium 
acetate buffer pH 3.4 and acetonitrile , however it is known 
that the end caps damaging the column over t ime, which 
makes the analysis of HPLC more complicated, because the 
inorganic salts can damage the spine, through the interaction 
with the silica[25; 31; 32]. Therefore, we chose to use 
methanol-water (70:30) as mobile phase which was a great 
improvement in  methodology. The linearity of this method 
was found in the range 10.0 to 15.0 µg/mL. The values for 
the intercept and slope of the calibration curve were 67.334 
and 114.396, respectively, with correlation coefficient of 
0.9992 (Figure 5). Statistical analysis showed that no 
significant deviation  from linearity  of the concentrations 
used and that there is linear regression on data obtained at the 
confidence level of 1%. The average content determined 
cefuroxime sodium injectable pharmaceutical form was 
99.84%, the limits of variation with in day of analysis and had 
a mean 1.04 days between 2.01% for the test accuracy. The 
accuracy expressed as the percentage recovery is 100.10%. 

Table 3.  Analysis of variance of data obtained from the assay of cefuroxime sodium by microbiological agar diffusion assay 

Sourcesofvariation df SS MS F cal Ftab 
      

preparation 1 2,523 2,523 5,019* 4,24 
regression 1 217,08 217,08 173,688* 4,24 

Deviation of parallelism 1 4,084 4,084 3,267 4,24 
quadratic 1 0,005 0,005 0,004 4,24 

Quadratic differential 1 0,350 0,350 0,280 4,24 
between doses 5 224,043 44,809 35,851* 2,6 
between plate 5 1,067 2,613 1,093 2,6 
Within (error) 25 31,246 1,250   

total 35 388,36    
* significant p < 0,05 

P3 

P2 

P1 

A3 

A2 

A1 
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Figure 4.  Analytical curves for solutions of sodium cefuroxime reference substance and sample in concentrations of 30.0, 60.0 and 120.0 µg/mL, obtained 
by turbidimetric method 

 
Figure 5.  Graphic representation of the analytical curve of the solution in concentrations of cefuroxime sodium 10-15 µg/mL by HPLC 

4. Conclusions 
The chemicaland physicochemical propertiesof a drugare 

in manycasesdeterminantsin the process ofanalytical quality 
control, so that the chemical natureof the molecu le 
canfavorably or unfavorablyinterfere withthe mechanismsof 
interaction withother substrates,making it moreselective. 
Moreover,different methods, simple or complexare 
emergingevery dayin an attempt tobecomemoreviab le 
andoperationalroutineanalysisof a substance. In ourwork 
wequantificationof cefuroxime(widely soldin  the Brazilian 
market) in raw material andin pharmaceutical preparat ions, 
showed to bereproducibleto identify itand distinguish it, 
maybeadoptedinroutine analysis ofqualitycontrolindustrialp
harmaceuticals 
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