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Cefazolin sodium, a β-lactam antimicrobial agent belonging to the first generation cephalosporins, has a broad spectrum of action, acting 

against gram positive and gram negative bacteria. Stands out over other cephalosporins for its ability to also act against some species of 

Enterobacter, and have a long half-life, thus reducing the frequency of administrations. A simple, fast and reproducible method by visible 

spectrophotometry was developed and validated for quantification of cefazolin sodium in the lyophilized powder. This technique is widely 

used in the pharmaceutical industry due to its ease of execution, low cost, safety and high precision and accuracy. It has been employed in 

the quality control routine of numerous pharmaceuticals in order to identify them and quantify their active principles. The method was 

capable of detecting and quantifying the cefazolin sodium obtaining satisfactory results regarding selectivity, precision, accuracy and 

robustness, on linear range of 32.0 to 92.0 µg mL-1, showing the correlation coefficient of 0.9993 when analyzed at 767 nm. Due to the 

environmental impacts caused by global economic development, green chemistry has come up with a proposal to minimize and/or eliminate 

the use of harmful solvents, which generate large amounts of toxic waste to the environment and the health of operators, as well as reducing 

expenses with costly processes. The proposed method does not use toxic solvent, proving to be effective, low cost, easy to apply and safe 

for the analyst and environment. 
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Introduction 

Cefazolin sodium (CFZ, Figure 1) is a β-lactam 
antimicrobial agent, belonging to the first generation of 
cephalosporins. It stands out because CFZ has activity 
against some species of Enterobacter and can be 
administered less frequently because of its longer half-life.1-5 
Its mechanism of action results from the inhibition of cell 
wall synthesis in Gram-negative and Gram-positive bacteria, 
preventing transpeptidases enzymes to form cross-links 
peptidoglycan in the bacterial cell wall.6-9 

 

 

 

 

 

Figure 1. Chemical structure of cefazolin sodium (CAS 27164-46-
1). 

Considering the great importance of cefazolin sodium on 
the global scene in the treatment of infectious diseases, the 
development of practical, economical and reliable analytical 
methods, which can be used in the quality control of this 
drug, is essential and highly relevant, seeking the 

therapeutic efficacy, patient’s safety and also benefits for the 
pharmaceutical industries and compounding pharmacies.10 

Cefazolin sodium has some analytical methods described 
in official compendia such as British,11 European,12 
Japanese,13 Portuguese14 and US15 pharmacopeias. In the 
literature, several methods have been described for the 
qualitative16 and quantitative analysis of cefazolin sodium, 
included spectrophotometry,17-29 high-performance liquid 
chromatography30-47 and voltammetry.48 However, most of 
them were time-consuming and dedicated to sophisticated 
and expensive analytical instruments. 

The methods found in the literature for the identification 
and quantification of sodium cefazolin use mostly mobile 
phases consisting of buffer solutions and solvents such as 
acetonitrile and trifluoroacetic acid, which, according to the 
concepts of green chemistry, are extremely aggressive to the 
environment.49 

The validation process is essential to set up a developed 
methodology is completely appropriate to the objectives 
which it is intended in order to obtain reliable results that 
can be satisfactorily interpreted. It involves the development 
of an analytical method, adaptation or implementation of a 
known method and an evaluation process to estimate its 
efficiency.50 

Looking for quality control and seeking to optimize 
processes in the industry, researches involving analytical 
methods are extremely important and highly relevant to 
improve analysis in the pharmaceutical industry and ensure 
the quality of the marketed product.  As a complementary 
alternative to analytical methods existing to cefazolin 
sodium, this paper aimed to develop, validate and apply a 
low-cost analytical method, simple, fast, reproducible and 
safe to the environment and analyst by visible 
spectrophotometry for quantification of cefazolin sodium in 
powder for injection solution. 
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Experimentals 

Material 

Cefazolin sodium reference substance was a standard with 
a declared purity of 98.2 %, obtained from Sigma-
Aldrich™. The samples were lyophilized powders in vials 
containing 1g, kindly supplied from ABL™. 

Chemicals 

Sodium carbonate was obtained from Synth™ and Folin-
Ciocalteau reagent was obtained from Sigma-Aldrich™. 
Purified water was used to prepare all solutions. Was 
weighed 5.0g of sodium carbonate and transferred to 25 mL 
flask with water. It took to ultrasound for 30 minutes to 
complete solubilization and was completed the volume with 
purified water, yielding reagent with 5.0 % of final 
concentration. 

Equipment 

The method was performed in spectrophotometer UV-Vis 
Shimadzu, model UV 1800, using quartz cuvettes 1 cm 
optical path, under controlled temperature 25° C. 

Ringbom’s Curve 

For the development of the visible spectrophotometric 
method, Ringbom’s curve was constructed in order to 
establish the concentrations of work to which the drug has 
linearity. Aliquots of the standard stock solution of 200.0 µg 
mL-1 were transferred using a micropipette to 10 mL 
volumetric flasks, and the volume was completed with 
purified water, in addiction to sodium carbonate buffer and 
Folin-Ciocalteau reagent to obtain increasing concentrations 
2.0-182.0 μg mL-1. 

Analytical Curve 

For the development of the visible spectrophotometric 
method, the calibration curve was constructed to determine 
the range in which the drug has an increased linearity. 
Aliquots of stock solutions corresponding to 1.6, 2.2, 2.8, 
3.4, 4.0 and 4.6 mL to 10.0 mL volumetric flasks. Were 
added to each volumetric flask aliquots of 300 µL of sodium 
carbonate buffer solution 5 % and 100 μL of Folin-
Ciocalteau reagent. The volume was completed with 
purified water, for obtaining solutions with concentrations 
of 32.0, 44.0, 56.0, 68.0, 80.0 and 92.0 μg mL-1, 
respectively.  

Purified water, sodium carbonate buffer and Folin-
Ciocalteau reagent were used as blank to reset the appliance. 

Analytical Method Validation 

On validation of analytical methods, as well in this 
research, the determined parameters was selectivity, 
linearity, precision, accuracy, robustness, limit of detection 
(LD) and limit of quantification (LQ).50-55 

Linearity 

The linearity of the method was obtained through the 
analysis of three analytical curves on three different days. 
The results obtained were analyzed to obtain the equation of 
the line by the least-squares method, and verification of the 
linearity was detected by Analysis of Variance (ANOVA). 

Limits of detection (LD) and quantification (LQ) 

The limit of detection (LD) and limit of quantification 
(LQ) were calculated by standard deviation of the intercept 
and the slope of the analytical curve. The equations are: 

 

          (1) 

 

          (2) 

 

Precision 

The precision of the method was performed for 
repeatability and intermediate precision, which were 
evaluated by relative standard deviation (RSD). 

Repeatability 

The repeatability was determined by analysis of six 
solutions of cefazolin sodium at a concentration of 56.0 μg 
mL-1 prepared on the same day. Thus, results were obtained 
using the same experimental conditions. 

Intermediate precision 

The intermediate precision was evaluated through analysis 
of six solutions of cefazolin sodium at a concentration of 
56.0 μg mL-1 were prepared and executed by different 
analysts in different days under the same experimental 
conditions. 

Selectivity 

Three scans on spectrophotometer were performed for the 
study of selectivity of the proposed method, both between 
380-780 nm: the first scan was made with a standard 
solution of cefazolin sodium at 56.0 µg mL-1, the second 
scan was made with a solution of cefazolin sodium in 
lyophilized powder at same concentration, and the thirst was 
made with a solution containing only the chosen solvent 
(purified water, sodium carbonate buffer and Folin-
Ciocalteau reagent). 

Accuracy 

The solutions were prepared according to Table 1.  
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Table 1. Preparation of test solutions for accuracy parameter of the 
visible spectrophotometric method at 767 nm. 

 Volume (mL) of CFZ solution  

(200.0 µg mL-1) 

Theoretical 

concentration  

(µg mL-1)* 
sample standard 

Sample 1.6 - 32.0 

R1 1.6 0.6 44.0 

R2 1.6 1.2 56.0 

R3 1.6 1.8 68.0 

Standard - 1.6 32.0 

* 10 mL volumetric flask 

Robustness 

The robustness of the method was determined by 
comparing the contents obtained by varying the wavelength 
and evaluated by the test F and Student's t test. 

Determination of cefazolin sodium content in lyophilized 

powder 

Solutions of 56.0 µg mL-1CFZ were prepared in triplicate, 
on three different days and analyzed by spectrophotometer 
at 767 nm.The content of cefazolin sodium was calculated, 
according to Equation 3. 

 

          (3) 

where 

CS = concentration of the sample 

AS = absorbance of the sample 

CRS = concentration of the reference substance 

ARS = absorbance of the reference substance  

Results 

Cefazolin sodium reacts with Folin-Ciocalteau reagent to 
form a blue solution at 767 nm.  

Ringbom’s Curve 

The absorbance of concentrations between 2.0 to 182.0 µg 
mL-1 was converted to transmittance. These data were 
plotted on a graph of transmittance versus log concentration 
of cefazolin sodium reference substance as shown in Figure 
2. 

Analytical methods validation 

The choice of cefazolin sodium study conducting in 
concentration of 56.0 µg mL-1 to assays of precision 
(repeatability and intermediate precision), selectivity and 
determination of the content is justified as being the 
midpoint of the working range established by Ringbom’s 
curve. 

 

 

 

 

 

 

 

 

Figure 2. Ringbom's curve obtained by visible spectrophotometric 
method to cefazolin sodium standard. 

 

Linearity 

The analytical curve of cefazolin sodium was built with 
the average of the absorbance values of three analytical 
curves with concentrations from 32.0 to 92.0 µg mL-1, 
obtained during the linearity test. Figure 3 shows the 
corresponding analytical curve. 

 

 

 

 

 

 

 

 

Figure 3. Analytical curve of cefazolin sodium, at concentrations 
32.0; 44.0; 56.0; 68.0; 80.0 e 92.0 µg mL-1, obtained by visible 
spectrophotometric method. 

The equation of line determined by the method of least 
squares was y = 0.0108x - 0.0258, with a coefficient of 
determination (R²) equal to 0.9993 and correlation 
coefficient (r) equal to 0.9996 to cefazolin sodium standard. 

The ANOVA calculated for the data from the analytical 
curve is shown in Table 2. 

Limits of detection (LD) and quantification (LQ) 

The results of limit of detection (LD) and limit of 
quantification (LQ) were 1.45 and 4.38 µg mL-1, 
respectively. 
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Table 2. Analysis of variance of absorbance values determined in the linearity parameter for cefazolin sodium 

SOURCE DF SS MS Fcalcd. Fcrit. 

Model 1 0.875459433 0.875459433 1.16 4.12 

Residues 16 0.000630844 3.94278E-05 22204.13* 4.49 

Lack of fit 4 0.000123511 3.08778E-05 0.73 3.26 

Pure error 12 0.000507333 4.22778E-05   

TOTAL 17 0.876090278    

* Significant at p<0.05 %; DF = degrees of freedom; SS = sequential sum of squares; MS = adjusted mean squares 

 

Table 3. Values determined for the precision parameter of cefazolin sodium by visible spectrophotometric method 

 Absorbances RSD ( %) 

Repeatability 0.578 0.588 0.591 0.574 0.582 0.590 1.19 

Intermediate Precision 
0.583 0.574 0.580 0.576 0.582 0.576 

0.76 
0.581 0.589 0.579 0.574 0.577 0.582 

* RSD = relative standard deviation 

 

Table 4. Results of the recovery test by visible spectrophotometric method 

 

 

 

 

 

 

 

 

 

 

Figure 4. Residue analysis for cefazolin sodium in lyophilized 
powder obtained by visible spectrophotometric method. 

 

Precision, selectivityand accuracy 

The results of precision are shown in Table 3. 

The spectra analysis present that all reagents did not 
interfere in the visible spectrophotometric method, showing 
the selectivity of this procedure. 

Table 4 shows the recovery values obtained for each 
concentration level tested in the accuracy parameter of 
visible spectrophotometric method for cefazolin sodium. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Overlap of the visible spectrophotometric spectra 
referring the solutions at a concentration of 56.0 µg mL-1 of blank, 
cefazolin sodium in lyophilized powder and cefazolin sodium 
reference. 

 

 Cefazolin sodium 

added (mL) 

Cefazolin sodium 

recovered (mL) 

Recovery 

( %) 

Average Recovery ( %) RSD 

( %) 

R1 0.6 0.60 99.79 100.58 0.69 

R2 1.2 1.21 101.03 

R3 1.8 1.82 100.93 
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Table 5. Evaluation of the robustness of the analytical method for analysis of cefazolin sodium by visible spectrophotometry. 

Length ofwave (nm) Absorbance 1 Absorbance 2 Absorbance 3 Average  absorbance RSD ( %) 

767 0.571 0.583 0.564 0.573 ± 0.004 1.68 

760 0.578 0.571 0.574 0.574 ± 0.010 0.61 

 

Robustness 

The changes in the wavelength of absorption are shown in 
Table 5. 

The average variations in wavelength selected for the 
study to assess the robustness parameter were statistically 
analyzed, and the results are shown in Table 6. 

Table 6. Statistical analysis of the variation of wavelength in the 
visible spectrophotometric method 

 Statistical test 

 Fcalculated Fcritical tcalculated Tcritical 

Wavelength 

767 and 760 nm 

1.42 5.05 -0.79 2.23 

Determination of cefazolin sodium content 

The assay was performed by comparing the absorbance 
obtained in analysis of cefazolin sodium standard and 
samples, both at a concentration of 56.0 µg mL-1. The results 
are shown in Table 7. 

Table 7. Values determined for the dosing of cefazolin sodium by 
visible spectrophotometric method 

Day Content of CFZ* Average 

content,  % 

RSD ( %) 

mg  % 

1 56.26 100.46 100.32 0.18 

2 56.06 100.11 

3 56.22 100.40 

* Each value is the average of six determinations 

Discussion 

The reported methods for the determination of cefazolin 
sodium are complex, expensive, time-consuming or require 
the use of large amounts of organic solvents[66]. In this 
research, a non-toxic solvent was chosen in order to obtain a 
low cost and environmentally friendly visible 
spectrophotometric method for quantification of cefazolin 
sodium in lyophilized powder.  

Quantitative visible spectrophotometric analysis has as its 
principle the direct relationship between the amount of light 
absorbed and the concentration of the substances, also know 
Lambert-Beer law.21 This region, in pharmaceutical 
analysis, is widely used for identification and assay of drug 
and medicines.21 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.16 

These features make spectrophotometric techniques 
particularly suitable for the determination of low 
concentrations of clinically important compounds.24 The 
method has shorter analysis time, are economically most 
suitable and do not generate chemical waste too much.24, 60-65 

Proper wavelength selection of the methods depends upon 
the nature of sample, and its solubility.56 Cefazolin sodium 
is completely soluble in water.21 Thus, purified water was 
chosen to be used as a solvent presenting appropriate 
features in the spectra, such as a good absorption intensity of 
the functional chromophore groups present on the molecule; 
besides easy acquisition, disposal, low cost and 
environmental advantages, since it does not generate toxic 
waste to the operator and the ecosystem.21, 56 The 
wavelength of 767 nm was chosen due to the adequate 
molar absorptivity of cefazolin sodium in this region. 

Cefazolin sodium, in its chemical structure, presents 
moments of molecular resonance, allowing the intermediates 
to have electronic density close to the phenolic compounds. 
Spectrophotometric quantification of phenolic compounds is 
accomplished by a variety of techniques, however, the one 
utilizing Folin-Ciocalteau reagent is among the most 
extensively used. The reagent consists of a mixture of 
phosphomolybdic and phosphotungstic acids, in which 
molybdenum and tungsten are in the +6 oxidation state, but 
in the presence of certain reducing agents, such as phenolic 
compounds, they form the so-called blue molybdenum and 
blue tungsten.58, 59 

During the development of the visible spectrophotometric 
method for quantification of cefazolin sodium in the 
pharmaceutical form powder for injection solution, were 
tested concentrations that varied from 2.0 to 182.0 µg mL-1. 
The concentrations from 32.0 to 92.0 µg mL-1, since this 
group showed linearity of response. 

The linearity of the method, we constructed a graph of 
concentration versus absorbance, which showed 
proportionality between both. Residue analysis indicated 
that the regression model used is appropriate. Each average 
value of absolute areas obtained in determining the 
analytical curve was plotted in relation to its concentration, 
observing linearity in the range of 32-92 μg mL-1, as shown 
in Figure 4. The results for linearity were statistically 
analyzed using tests of variance (ANOVA); according to 
ANOVA there is no deviation from linearity in calibration 
curve and the regression model is appropriate. 

The calculated values for the limits of detection and 
quantification of cefazolin sodium in lyophilized powder is 
an estimate (LD = 1.45 µg mL-1 and LQ = 4.38 µg mL-1).  
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These values indicate the ability of this method to reliably 
detect and quantify cefazolin sodium in its pharmaceutical 
dosage form. 

The precision of the method was evaluated in two 
different ways: by repeatability (intraday precision) and 
intermediate precision (interday and inter-analyst 
precisions). The results are presented in Table 4. The 
intraday precision (n = 6) gave an RSD value of 1.19  %. 
The RSD values observed in intermediate precision (n = 12) 
was 0.76 %, demonstrating appropriate precision of the 
method. 

The accuracy of the method was determined by measuring 
the reference standard recovery in triplicate at three levels 
(R1, R2 and R3), from 80 to 120 % of the method 
concentration (56.0 µg mL-1), according to ICH 
recommendation.54 The accuracy was determined using a 
recovery assay performed at three concentration levels 
(Table 5). The recovery test is an experimental design to 
verify the relationship between the amount of substance 
added and the amount quantified by this assay.57 Thus, the 
data demonstrates adequate accuracy of the method, since 
the experimental concentrations were very close to the real 
values (close to 100 %). 

Changes in the wavelength of absorption were performed 
to evaluate the robustness of the method. During the 
analysis of the pharmaceutical product, the levels found no 
significant difference and RSD were below 0.61 %, 
demonstrating the robustness of the proposed method, 
compared to the measured parameter, as shown in Tables 6 
and 7. 

The content of cefazolin sodium in lyophilized powder 
was 100.32 %. The proposed visible spectrophotometric 
method met all requirements required by the official codes 
agency guidelines,15,51,54-55 making it adequate, presenting 
linearity, precision, selectivity, accuracy and robustness, and 
can be used for assay of cefazolin sodium in lyophilized 
powder at quality control laboratories. 

Conclusion  

The validation of analytical methods is the way to ensure 
that the developed process is safe and meets the 
requirements of official compendia, demonstrating 
reliability and reproducibility of the results. Green chemistry 
is important for the development of methods that are less 
harmful to the environment, less costly, and have the same 
reliability and reproducibility of conventional methods. 

All validation parameters found to be highly satisfactory, 
indicating selectivity, linearity, precision, accuracy, 
robustness and adequate detection and quantification limits, 
with no significant statistical difference. The method, 
therefore, can be applied in routine of quality control 
laboratories, due to its ease to execute, low cost, low 
generation of toxic waste and safety for analyst and 
environmental. 
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