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ABSTRACT

Bacterial resistance to antibiotics is a growing phenomenon in the world. Considering the relevance of
antimicrobials for population and the reduction in the registration of new antimicrobials by regulatory,
proper quality control is required in order to minimize the spread of bacterial resistance and ensure the
effectiveness of a treatment, as well as safety for the patient. Among the antimicrobials is cefotaxime, a
drug belonging to third-generation cephalosporins, which is highly active against Gram-negative bactéria
and is used to treat central nervous system infections such as meningitis and septicemia. Due to the
critical importance of quality control in regard to drugs and pharmaceutical products, combined with
bacterial resistance to antibiotics, this study aims to conduct a detailed review of analytical methods for
cefotaxime. Using a critical review of literature, this paper describes the analytical methods published to
quantify cefotaxime in different matrices; a large number of methods by HPLC and spectrophotometry
were observed. Despite the advantages of the techniques, most methods reported have large
environment and occupational impact, which enfatizes the need to adopt green procedures in
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quantifying cefotaxime.

Introduction

Bacterial resistance to antimicrobial agents is a phenomenon
that occurs following extensive contact of bacteria with antibi-
otics and their presence in the environment. Until the twentieth
century, bacterial resistance was usually restricted to hospitals;
however, it can now be identified in different environments
where it can affect even healthy individuals (Guimaraes et al,,
2010).

Faced with the high rate of bacterial resistance to antibiotics,
as well as a reduction in the number of drugs approved by the
FDA in recent years, it is necessary to develop new drugs, adopt
new therapeutic strategies and incorporate cultural changes -
educating professionals and population (Guimaraes et al., 2010;
Brooks and Brooks, 2014; Oldifield and Feng, 2014). Antimi-
crobials have great relevance in the health field since bacterial
infections are one of the leading causes of mortality globally
(Brito and Cordeiro, 2012).

Among the antibiotics are the cephalosporins, the second-
largest class of B-lactam antibiotics (Guimaraes et al., 2010).
Acting to prevent bacterial cell wall synthesis, cephalosporins
are considered safe and low-toxicity antimicrobials (Tortora
et al,, 2012). The existing cephalosporins are classified in five
generations according to the action spectrum, stability to B-lac-
tamases, pharmacokinetics, chemical stability and side effects
(Alessio and Salgado, 2012; Vieira et al., 2012; Fernandes et al.,
2013; De Marco and Salgado, 2016).

Cefotaxime sodium is included in the third-generation ceph-
alosporins. The major developments in relation to previous
generations of cephalosporins are the presence of amplification

in the penetration of drugs in Gram-negative bacteria, which
contributes to the expansion of the spectrum of action and the
development of higher affinity for the site of action (Patrick,
2009). In addition, third-generation antimicrobials reach the
central nervous system in significant concentrations, allowing
their use in the treatment of meningitis and sepsis by Gram-
negative microorganisms (Fernandes et al., 2013).

Given the importance of antibiotics in the global population,
these drugs require accurate and reliable quality control. Ana-
lytical methods comprise one of the quality control tools in
pharmaceutical industry required by regulatory organizations
worldwide to verify the suitability of pharmaceutical ingre-
dients and finished products to the established specifications,
which can guarantee satisfactory quality of these products.
Confirming the pertinence of the products to the specifications,
in other words the correct dosage of the pharmaceutics, with
implementation of analytical methods that provide reliable
results, the patient will have a more effective and safe treat-
ment, minimizing the chances of developing bacterial resis-
tance (ANVISA, 2010).

Cefotaxime is an important third-generation cephalosporin
related to its high resistance to B-lactamases, a bacterial resis-
tance mechanism developed by microorganisms, and for its
beneficial activity against numerous aerobic Gram-negative
and Gram-positive bacterias when compared to other g-lactam
compounds. It is used effectively in the treatment of meningitis
and other severe infections (Brunton et al., 2012). Due to its
importance of cefotaxime in therapeutics, reliable quality
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control has a high impact in the efficiency of cefotaxime and
bacterial resistance in the hospital environment.

Related to the presented facts, we prepared a large search of
analytical methods described for the quantification of cefotax-
ime in both pharmaceutical and general matrices.

Cefotaxime

Sodium cefotaxime (Figure 1) is a third-generation cephalospo-
rin that binds irreversibly to the transpeptidase enzyme,
responsible for catalyzing the peptide bonds synthesis of the
bacteria wall. Following this binding, the structure is impaired,
leading to bacterial cell lysis (Tortora et al., 2012).

In North America and Europe, cefotaxime is commercially
available as a lyophilized powder that can be administrated via
the intramuscular or intravenous routes, as 1-4g of cefotaxime
per day in two or three doses; in case of severe infection, 10-
12g per day may be administrated. It is used mainly in the
treatment of meningitis caused by Haemophilus influenzae,
Streptococcus pneumoniae sensitive to penicillin, Neisseria men-
ingitidis and other infections of the central nervous system
(Korolkovas, 2010). The reference product is Claforan®, which
is produced by Sanofi-Aventis LLC (ANVISA, 2016).

When administered intravenously, the plasma half-life of
cefotaxime is approximately 1 hour and when administered
intramuscularly, it is approximately 1.5 hours. About 25-40%
of cefotaxime binds to plasma proteins (Patel et al., 1995;
Brunton et al., 2012). Around 90% of the administered dose is
excreted by the kidneys, 50% in unchanged form and 20% as
desacetylcefotaxime (the main metabolite of cefotaxime) (Kees
et al,, 1981). Desacetylcefotaxime is less active than the original
molecule, but acts synergistically with cefotaxime against sev-
eral microorganisms (Ko et al., 1991; Jones, 1995).

Cefotaxime sodium, sodium (6R,7R)-7-[2-(2-amino-4-thia-
zolyl)glyoxylamido]-3-(hydroxymethyl)-8-oxo-5-thia-1-azabi-
cyclo[4.2.0]oct-2-ene-2-carboxylate 72—(Z)—(O—methyloxime),
acetate (ester), is a semisynthetic derivative of a drug fermenta-
tion product. Its molecular formula is C;¢H;sNsNaO,S, and its
molecular weight is 477.45 g/mol (Infarmed, 2005; Society of
Japanese Pharmacopeia, 2011; O’Neil, 2013; The Stationary
Office, 2014; Council of Europe, 2014; United States Pharmaco-
peia Convention, 2014).

It is a white or slightly yellowish crystalline powder, and it is
hygroscopic. It is freely soluble in water, sparingly soluble in
methanol, slightly soluble in ethanol and practically insoluble
in organic solvents; it must be stored in a tightly closed con-
tainer protected from light, at temperatures below 30°C
(Infarmed, 2005; Society of Japanese Pharmacopeia, 2011;

NaO 0]

Figure 1. Chemical structure of sodium cefotaxime (CAS 64485-93-4).

O’Neil, 2013; The Stationary Office, 2014; Council of Europe,
2014; United States Pharmacopeia Convention, 2014).

The characteristic chemical grouping of cephalosporin pres-
ent in cefotaxime is 7-aminocephalosporinic acid, comprising a
B-lactam ring and a dihydrothiazine ring. The characteristic
chemical structure of cephalosporins is presented in Figure 2;
the group attached to carbon 7 of the basic structure differenti-
ates cefotaxime from the others in the class. In addition, the
carbon group linked to position 3 ensures good pharmacoki-
netic properties such as the transfer to the central nervous sys-
tem in significant concentrations (Patrick, 2009; Fernandes
et al., 2013).

Analytical methods

The quality control of active pharmaceutical ingredients (APIs)
and pharmaceutical products is an important activity embed-
ded in good manufacturing practices within the pharmaceutical
industry (ANVISA, 2010). Therefore, the development and val-
idation of new analytical methods and the improvement of
existing methods for proper identification and quantification of
drugs and pharmaceutical products are of great importance in
the industry and the scientific community, to ensure their
safety and effectiveness. Thus, research groups have studied
analytical methods for the quantification of drugs and cefotax-
ime sodium in different biological matrices.

Bioassays are relevant for clinical studies, therapeutic drug
monitoring (TDM) and individual dose adjustment. Hydro-
philic drugs may present daily variations in the plasma concen-
trations of critically ill patients. In this scenario, the
development of bioanalytical methods is essential for the effi-
cacy and safety of the treatment with cefotaxime.

There are some papers describing analytical methods to
quantify cefotaxime in many matrices, such as blood, plasma,
serum, peritoneal fluid and urine. In the literature, it is possible
to find papers that noticed the importance of the development
of practical analytical methods to be used in the TDM of
cefalosporins.

Yilmaz and Biryol (1998) developed a method of determin-
ing cefotaxime by voltammetry. The analysis conditions were:
carbon electrode, platinum wire for dosing and calomel elec-
trode and standard solutions for analysis using 0.2 M phospho-
ric acid as diluent. Quantification by direct titration was
developed by Helaleh et al. (1998), where a lyophilized powder
of cefotaxime sodium solution at a concentration of 1 mg/mL
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Figure 2. Chemical basic structure of cephalosporins.



was titrated with potassium iodide and end-point detection
conducted with the aid of carbon tetrachloride 0.01 M.

Cefotaxime sodium feedstock samples and in pharmaceuti-
cal formulations were analyzed by Nassar and collaborators
(1996) with the assessment of the utility of N-bromosuccini-
mide compounds (NBS) and N-chlorosuccinimide (NCS) in
determining cefotaxime sodium by colorimetric and titrimetric
techniques. The optimal reaction time was 20 minutes and the
method had the limit of quantification of 1.5913 mg of
cefotaxime.

Methods for determining the assay of cefotaxime sodium
and other cephalosporins by capillary electrophoresis are also
reported in the literature under different analytical conditions.

Solangi et al. (2007) describe a method of analysis for eight
cephalosporins in urine. Fused silica capillary with 57 cm of
total length, 50 cm of effective length and 75 um internal diam-
eter was used. Sodium tetraborate buffer pH 9.0 separates the
cephalosporins with a 30 kV of potential. The detector used
was a UV detector at 214 nm. The analysis was performed at
25°C.

Gaspar et al. (2002a) developed a method for the analysis
and stability study of 14 cephalosporins. The analysis was per-
formed with a fused silica capillary having 64.5 cm of total
length, 56 cm of effective length and internal diameter of
50 um at a temperature of 25°C. The solution used for the sep-
aration was a 25 mM phosphate solution of pH 6.8. A potential
of 125 kV was applied and a UV detector was used at 260 nm.

A method for detection of cefotaxime and its metabolites in
plasma was reported by Penalvo et al. (1997). The analysis was
performed with a fused silica capillary having 57 cm of total
length, 50 cm effective length and 75 um internal diameter at a
temperature of 5°C. The solution used for the separation was a
solution of dihydrated sodium dihydrogen phosphate with pH
adjusted to 8.0 and 5 M sodium hydroxide solution containing
165 mM sodium dodecyl sulfate. A 25-kV potential was
applied, and the detection was performed with a UV detector
at 254 nm.

Mrestani et al. (1997) also described a method for the analy-
sis of cephalosporins, but using a fused silica capillary of
48.5 cm total length, 40 cm of effective length and 50 um of
internal diameter. The separation was performed with 20 mM
phosphate buffer solution of pH 7.2. A potential of 30 kV was
used and the detection was performed using the UV detector at
200 nm. The analysis temperature was 25°C.

Gaspdr et al. (2002b) published another paper reporting the
development of a method for quantification of four cephalo-
sporins in samples obtained after neurosurgeries (fluid drained
from injury, cerebrospinal fluid, plasma and urine). The fused
silica capillary with 48.5 cm of total length, 40 cm of effective
length and 50 pum of internal diameter was used. The separa-
tion solution was 25 mM borate buffer solution of pH 9.2. A
potential of 25 kV and a UV detector at 270 nm were applied.
The analysis temperature was 25°C.

Penalvo et al. (1996) also validated an analytical method for
quantification of cefotaxime and its related impurities. A fused
silica capillary used had a total length of 57 cm, effective length
of 50 cm and internal diameter of 75 pum. The solution of
30 mM sodium dihydrogen phosphate of pH 7.2 containing
165 mM sodium dodecyl sulfate was used for the separation. A
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potential of 15 kV was applied and a UV detector was used at
254 nm. The analysis was performed at a temperature of 25°C.

Mrestani et al. (1999) published another study for the analy-
sis of nine cephalosporins in urine and bile samples. A fused sil-
ica capillary of 57 cm total length, 50 cm of effective length and
internal diameter of 50 pum was used. For the separation,
50 mM citrate buffer solution of pH 6 was used. The potential
applied for the analysis was 30 kV and the detector used was a
UV detector at 214 nm. The temperature of the analysis was
25°C.

Lin et al. (2000) published a study of optimization of the
separation and migration of cephalosporins in capillary electro-
phoresis. The best conditions were the following: fused silica
capillary with 57 cm of total length, effective length of 50 cm
and internal diameter of 50 pm, separation with citrate buffer
and atanosulfonic acid monohydrate buffer solution at various
pH’s, 30 kV potential, UV detector at 214 nm and temperature
of 25°C.

Finally, Wang et al. (2009) published a study of the determi-
nation of cefotaxime and its enantiomers. The analysis condi-
tions used were: a fused silica capillary of effective length of
40 cm and internal diameter of 75 pm, separation solution con-
sisting of 75 mM dihydrogen phosphate buffer sodium solution
of pH 7, a potential of 20 kV, a UV detector at 280 nm and a
temperature of 25°C.

Methods for the determination of cephalosporins and cefo-
taxime by spectrophotometry with absorption in light ultravio-
let and visible on various biological matrices, in APIs and in
pharmaceutical formulations were found in the literature and
the main analytical conditions for each one are listed in Table 1.
The low cost and simplicity of the technique can justify the
extensive use of spectrophotometric analysis in quantifying the
drug. Despite advantages, it has a limitation regarding selectiv-
ity: interfering with a similar absorption spectrum of the drug
can give inaccurate results, which can compromises the reliabil-
ity of the analysis (Moreno and Salgado, 2008; Moreno and Sal-
gado, 2009; Vieira and Salgado, 2011).

High performance liquid chromatography (HPLC) is one of
the most used techniques for the analysis of drugs and formula-
tions. In the literature, increased number of analytical methods
to quantify cefotaxime sodium using this technique were found,
both for quantification of cefotaxime in drugs and biological
matrices. According to the significant number of methods
available for cefotaxime determination by HPLC, we could con-
clude it is the most used technique for quantifying cefotaxime.
All analytical methods found, as well as the analysis conditions,
are presented in Table 2.

United States Pharmacopeia Convention (2014) provides
monographs for cefotaxime API, injectable solution and lyoph-
ilized powder for injection. The raw material monograph
presents a method for determining the content of cefotaxime
by HPLC using a C;g column in the dimensions 150 x
3.9 mm®, 5 um at 30°C. Gradient mode was used by switching
the proportions of mobile phases A (0.05 M phosphate buffer
solution with pH adjusted to 6.25 with phosphoric acid and
methanol 86:14 (V/V)) and B (0.05 M phosphate buffer solu-
tion with pH adjusted to 6.25 with phosphoric acid and metha-
nol 60:40 (V/V)), with a flow rate of 1.0 mL/min. The detector
used was a UV detector at 235 nm. The determination of the
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organic impurities content and the test for injectable solution
and lyophilized powder for solution for injection are performed
under the same conditions as the content for the raw material
(United States Pharmacopeia Convention, 2014).

The British Pharmacopoeia presents monographs for API
(active pharmaceutical ingrediente) and injectable solution.
The monograph for API presents tests for assay and related
substances by HPLC under the same analysis conditions: Cig
column with dimensions 150 x 3.9 mm? 5 jum, temperature of
30°C, mobile phase buffer phosphate solution with pH adjusted
to 6.25 with phosphoric acid and methanol with gradient elu-
tion, flow rate 1.0 mL/min and a UV detector at 235 nm. The
monograph for the injectable solution includes related substan-
ces testing and content by HPLC analysis under the following
conditions: C18 column with dimensions 250 x 4.6 mm?, 5
um, temperature 25°C, mobile phase phosphate buffer with
pH adjusted to 7.0 with phosphoric acid and methanol 100:
37.5 (V/V), flow rate 1.0 mL/min and a UV detector at 235 nm
(The Stationary Office, 2014).

HPLC provides good precision and accuracy in the analysis.
It is a separation technique and there are many possibilities of
mobile phases, stationary phases and detectors, which permit
an excellent selectivity and analysis of different compounds
simultaneously. Among the methods for the drug in literature,
the majority use buffer solution in the mobile phase, with con-
sequent precipitation in the equipment and chromatographic
column over time, reducing their life time and improving the
analysis cost (Moreno and Salgado, 2008, 2012; Pedroso and
Salgado, 2014; Rugani and Salgado, 2014).

The reported methods by spectrophotometry and HPLC for
cefotaxime quantification use considerable amounts of toxic
reagents and solvents by the operator and the environment,
which have a great environmental impact considering the waste
generatied. With the growing concern about these matters,
exploring the reduction of the use of compounds that require
waste treatment and great care for the operator’s safety is
increasingly demanded by pharmaceutical industries and aca-
demic analysis. Thus, the application of green chemistry, sus-
tainability and reduced waste generation in analytical
chemistry and quality control procedures is helpful for the
preservation of the environment and to provide a better quality
of life for analysts and for the population in general (Rodrigues
and Salgado, 2016).

The HPLC and spectrophotometry techniques should be
used with conscience by the analyst, trying to reduce the use of
toxic reagents and solvents applying some of the principles of
green chemistry, as using automatic and miniaturized methods,
replace of toxic reagents and solvents, reducing the use of sam-
ples and the number of samples, avoiding sample treatment,
when it is possible, and using sustentable, renewable and biode-
gradable solvents (Galuszka et al., 2013). Some alternative green
solvents were reported in literature by Espino et al. (2016):
ionic liquids, deep eutetic solventes and, recently, natural deep
eutetic solvents, which have many advantages including biode-
gradability, low cost, low toxicity and sustainability. Other sol-
vents such as water, ethanol, propanol and butanol should be
used as an alternative (Welton, 2016).

One alternative technique of analytical method that can be
employed in quantifying cefotaxime is the infrared
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spectroscopy. Consortti and Salgado (2017) developed and vali-
dated an analytical method for the quantification of cefotaxime
in lyophilized powder by infrared spectroscopy as a green alter-
native to HPLC and spectrophotometry.

The method used the absorbance relative to the peak height
in the region from 1825 to 1740 cm ™" in the sodium cefotaxime
spectrum (relative to the stretching of the double bond between
carbon and oxygen (carbonyl) of the lactam group. The method
has low toxicity, cost, waste generation and toxicity for analyst,
and it is able to quantify the drug with confidence, which makes
it a green alternative method for use in quality control routine.

Conclusion

The development of an ideal antibiotic with high safety and
efficacy and low toxicity and microorganism resistance remains
a challenge.

This paper conducted a detailed critical review of the meth-
ods for the analysis of cefotaxime sodium in different matrices
(such as plasma, serum, urine, milk and medicines) and a large
number of methods employing HPLC and spectrophotometry
in the UV and visible regions were observed.

Despite the advantages of the techniques and methods used,
most of them include the use of toxic solvents introduced in
the environment and to which the operator is exposed; in addi-
tion, they generate a large amount of waste. In light of the
growing awareness of the need to adopt green procedures,
developing new methods to reduce the use of these consum-
ables and waste generation for pharmaceuticals analysis is of
great value.

Relevant points to consider in the analytical methods for
quantifying cefotaxime in biological matrices are the complex-
ity, the amount of analyte and the need for sample treatment,
usually with harmful solvents and reagents to operator and
environment. It is not always possible to replace and reduce the
use of these solvents and reagents and miniaturize the samples.
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