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Abstract

Cefotaxime (CFT) is a member of the third generation of the Cephalosporin antibiotics. It used on a wide scale in prescribed antibiotic
drugs as anti-infection for gram-positive microorganisms and gram-negative microorganisms. CFT was determined quantitatively in a
nanoformulation using the proposed HPLC method. Effective elution was achieved by using a stationary phase of Agilent (Zorbax)
Ciscolumn (250 mm % 4.6 mm i.d., 5.0um) and a mobile phase composed of phosphate buffer (pH7.4): methanol (70:30v/v) at a flow
rate of 1.2 ml/min. The samples were measured at 234nm using UV detector. The column temperature was kept at 25°C; the run time
was 7 min; the injection volume was 20pl. CFT was separated within 6.245+0.04min. The correlation coefficient for the obtained
calibration curve was found to be 0.999. The method was validated according to ICH Q2 (R1) guidelines for linearity, sensitivity,
robustness, accuracy and precision. The LOD and LOQ were found to be 0.100 and 0.314pg/ml, respectively. The developed and
validated method was successfully applied for the quantitative analysis of nanostructure lipid carriers (NLCs). The high recovery and
low relative standard deviation confirm the suitability of the proposed method for the determination of CFT in respective dosage form.
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INTRODUCTION

Analysis is important in every product but it is vital in medicines as it involves life. The assurance of quality is achieved
through analysis of drug product [1]. Now days the drug are very much useful as a antiretroviral, it is mainly used in
single therapies, rather than drug used in multiple formulation because of multiple action side effects [2]. Quantification
of drug molecule is important task for routine analysis of API in its finished product analysis [3]. Infectious ailments have
always been twisted the threat to humanoid and faunas [4]. Therefore, the healing is compulsory using suitable
antimicrobial mediators. Even though innumerable antibiotics have been established but cephalosporin group of
antibiotics are broadly rummage-sale [5]. CFT is chemically a sodium 7-[2-(2-amino-4-thiazolyl)-2- methoxyimino
acetamido]-3-acetoxymethyl-3-cephem-4-carboxylate (Figure 1) with molecular formula Ci6H16Ns NaO7 S; and it is a
third-generation cephalosporin antibiotic [6]. It Impedes bacterial cell wall blend by binding to one or more of the
penicillin- binding proteins (PBPs), which in turn constrains the final transpeptidation step of peptidoglycan synthesis in
bacterial cell walls; thus, inhibiting cell wall biosynthesis[7]. CFT indicated for the treatment of patients infected with
Septicaemia (Bacterial infection of blood), Bacterial Meningitis, Bacterial Endocarditis, Bacterial infections of lungs and
respiratory tract, Bacterial infections of bones and joints [8]. CFT has been quantitatively analyzed in bulk material and
different pharmaceutical dosage forms by infrared spectroscopy [9], spectrophotometric determination [10-14],
Voltammetric determination [15], HPLC-MS [16]. Mass spectrometric methods may have the highest sensitivity, but the
determination process is complicated to use and very expensive. Chromatographic separation technique is one of the most
convenient, essential, easiest and powerful in most qualitative and quantitative analysis. HPLC is currently the most
satisfying tool for an excellent and optimum separation [17-19]. This paper describes the development and validation of
reliable, simple, robust, time and money saving reversed phase HPLC method, using PDA detection, for the estimation
of CFT in bulk and in-house formulation. The developed method validated according to ICH guidelines [20].
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Figure 1 Chemical structure of cefotaxime sodium
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MATERIALS AND METHODS

Instrumentation

Liquid chromatographic system from AGILET (1100) comprising of manual injector, water G1310A Iso pump for
constant flow and constant pressure delivery and UV-Visible detector connected to software chemstation for controlling
the instrumentation as well as processing the generated data. Weighing was done on a Digital Micro Balance (CX-265)
manufactured by Citizen Scale (I) Pvt. Ltd.

Reagents and chemicals

Analytically pure sample of CFT was a generous gift from Hetero Lab, Hyderabad, along with their analytical reports.
HPLC grade methanol, acetonitrile and OPA were obtained from Merck (India) limited. All other chemical used were of
analytical grade. Triple distilled water was used for whole experiment was generated in house.

Chromatographic conditions

The isocratic mobile phase consisted of phosphate buffer (pH7.4): methanol (70:30v/v), flowing through the column at a
constant flow rate of 1.2 ml/ min. The mobile phase was filtered through nylon 0.22 pm membrane filters and was
degassed before use (30 min). A Zorbax (C-18) column (5 pm, 250mm x 4.60mm) was used as the stationary phase. By
considering the chromatographic parameter, sensitivity and selectivity of method for drugs, 234 nm was selected as the
detection wavelength for UV-Visible detector.

STANDARD PREPARATION
Preparation of stock solution: Accurately weighed 10 mg of CFT was transferred into 50 ml volumetric flasks
separately and dissolved in 10 ml of methanol and sonicate for 10 min., then volume was made up to 50 ml with methanol
and vortex it to get complete dissolution and then filtered by whatman filter paper (no.41). Concentration of CFT in
methanol was 200pg/ml (stock- A).

Preparation of sub stock solution: 5 ml of solution was taken from stock-A of CFT and transferred into 10 ml
volumetric flask separately and diluted up to 10 ml with diluent to give concentration of 100ug/ml (Stock-B).

Preparation of different solution
0.5ml, 1.0ml, 1.5ml, 2.0ml and 2.5ml of stock-B was taken separately in 10 ml volumetric flask and volume was made
up to 10ml with methanol. This gives the solutions of, 5pg/ml, 10pg/ml, 15pg/ml, 20pg/ml and 25ug/ml of CFT.

Analysis of CFT loaded nanostructure lipid carriers (C-NLCs)

Cefotaxime loaded nanostructure lipid carriers were prepared using high shear homogenization followed by probe
sonication method. Components of E-NLCs are stearic acid-a solid lipid, oleic acid- a liquid lipid, tween 80- a surfactant,
cryoprotectant-trelaholse dehydrate. A central composite rotatable design-response surface methodology (CCRD-RSM)
was used for the optimization of formulation. In this method, stearic acid was melted and kept in water bath at 80 °C and
oleic acid was added to it. Then to the molten lipid phase, cefotaxime was added. The aqueous phase comprised of tween
80 dissolved in water. Both the phases were maintained at 80°C. At this temperature, the hot surfactant phase was then
dispersed in hot lipid phase, obtaining a pre-emulsion under mechanical stirring at 10,000 rpm at 80°C for 15 minutes.
Then A-NLCs dispersion so formed was probe-sonicated with 40 % vibration amplitude, 5” on/5” off for 30 sec” with 10
sec” rest between 5-10” cycles according to sample turbidity or conc., for 10 minutes which was then allowed to cool and
used for further characterization. An equivalent amount to 200mg of cefotaxime was taken in 50 ml volumetric flask.
This was dissolve in 25 ml of methanol by sonication for about 10 minutes. The volume was made up to the mark by
methanol as per the UV spectrophotometry method. The solutions were filtered (whatman filter paper no.41) and Then
different concentration of solution were prepared by serial dilution technique, as per standard and each dilution was
analyzed.

RESULTS AND DISCUSSION

Chromatography

The mobile phase was chosen after several trials with methanol, isopropyl alcohol, acetonitrile, water and buffer solutions
in various proportions and at different pH values. A mobile phase consisting of phosphate buffer (pH7.4): methanol
(70:30v/v) was selected to achieve maximum separation and sensitivity. Flow rates between 0.5 and 1.5 min were studied.
A flow rate of 1.2 ml/min gave an optimal signal-to-noise ratio with a reasonable separation time. Using a reversed-phase
Cug column, the retention times for CFT was observed to be 6.245+0.04min. Total time of analysis was less than 7 min.
The maximum absorption of CFT was detected at 234nm and this wavelength was chosen for the analysis Figure 2.
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Figure 2 Chromatograms of (A) Cefotaxime (15pug/ml) as reference substances (C) C-NLCs (15pug/ml)
System suitability
System suitability parameters such as number of theoretical plates, HETP and peak tailing are determined. The results
obtained are shown in Table 1. The number of theoretical plates for CFT was 2143+61.34.

Table 1 Results of system suitability parameters

Parameters Cefotaxime
AUC* 771.4593
No. of Theoretical Plates 2143+61.34
Tailing Factor* 0.865+0.072
Retention time* 5.347+ 0.04
Calibration range (ug/ml) 5-25

*Each value is the mean + SD of six determinations

Linearity

The calibration curve was linear over the concentration range of 5-25ug/ml for CFT. The linearity was represented by a
linear regression equation as follows:

Y (Cefotaxime) = 28.76conc+23.67 (r? = 0.999)

Accuracy

Recovery studies were performed to calculate the accuracy of developed method to pre-analysed sample solution, a
definite concentration of standard drug (80%, 100%, and 120%) was added and then its recovery was analyzed. The value
of percentage RSD was found less than 2 show good recovery at all three level 80, 100 and 120% respectively. Each level
was made in triplicate Table 2.

Table 2 Results of recovery study

% Level % Mean + SD*
Cefotaxime
80% 99.716+0.149
100% 98.857+1.575
120% 100.236+0.544

* Value of three replicate and three concentrations.
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PR

ECISION

Repeatability

Five dilutions in three replicates were analyzed in the same day for repeatability and results were found within acceptable
limits (RSD < 2) as shown in Table 3.

Intermediate precision

Five dilutions in three replicates were analyzed on two different days and by two analysts for day-to-day and analyst-to-

ana

lyst variations and results were found within acceptable limits (RSD < 2) as shown in Table 3.

ROBUSTNESS

As per ICH norms, small, but deliberate variations in concentration of the mobile phase were made to check the method’s
capacity to remain unaffected. The ratio of mobile phase was change from, phosphate buffer (pH7.4): methanol
(70:30v/v), to (80: 20% V/V) and method is found robust as RSD is again found < 2.0 table 3.

Table 3 Statistical data for precision and robustness

Statistical parameter Cefotaxime
Mean* S.D* R.S.D*
Repeatability 99.188 0.506 0.510

Intermediate Precision | 99.074 0.667 0.673
(1) (A day to day)
(1) Analyst to Analyst | 99.22 0.166 0.167
Robustness 99.074 0.667 0.673
*Mean of 15 determinations (three replicates at five concentration level)

Detection Limit and Quantitation Limit
The LOD and LOQ of developed method were calculated based on the standard deviation of response and slope of the
linearity curve Table 4.

Table 4 LOD and LOQ
Name LOD (ug/ml) LOQ (ung/ml)
Cefotaxime 0.100 0.314

Analysis of C-NLCs
The assay value of drugs was close to 100, SD and % RSD are less than 2 indicate the no interference of excipients in the

esti

mation of drug Table 5.

Table 5 Assay of A-NLCs

Cefotaxime
Label Claim (mg) 200mg
% Found (mg) 199.32
% Assay 99.66
% RSD 0.312

*Average of three determination

CONCLUSION

The present study was undertaken to develop a sensitive, robust, accurate and precise method for the quantitative
determination of cefotaxime in polymeric nano-formulations. The developed HPLC method was validated according to
ICH Q2 (R1) guidelines and was confirmed to be sensitive, precise, accurate and robust. The method proved to be sensitive
as evidenced in the form of least LOD and LOQ values. The proposed HPLC method will be beneficial for researchers as
routine analysis of cefotaxime in NLCs.
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