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Abstract
The existing conventional pharmacopeial methods generally used by the pharma industry are easy to perform and rea-

sonably priced, but they require a long time and traditional buffers to obtain the results. This technique was discovered to

be lacking in ruggedness as a result of the employment of a conventional column and the usage of a dual-buffer mobile

phase in the previous study. There are also no methods available for determining the concentration of ceftazidime in a

solution using Rapid Resolution Liquid Chromatography. The goal of this research was to develop and evaluate a unique

and previously unpublished liquid chromatography technology for the selected drug. The chromatographic elution was

achieved through phosphate buffer solution (0.01 mol/L) and acetonitrile (90:10, v/v) and a flow rate of 1.0 mL/min. The

retention time was estimated to be 1.7 min with the Agilent Eclipse C8, 100 mm length, 4.6 mm internal diameter, 1.8 lm
particle size column with a flow rate of 1.0 mL/min. A photodiode array detector is used to monitor the eluate at 270 nm,

and the temperature of the column is maintained at 35 �C. The method validation parameters yielded good results,

including range, linearity, precision, accuracy, specificity, and recovery. The calibration curve was linear from 70 to

130 lg/mL, with a correlation coefficient of 0.9994. The inter-day and intra-day precision was less than 1%. The accuracy

was studied, and the recovery test indicated a mean absolute of 99.0% and 101.0% for ceftazidime. The degradation

products resulting from the stress studies did not interfere with the detection of ceftazidime, and the assay is thus stability-

indicating. In the present study, the detection was carried out more rapidly with the Rapid Resolution Liquid Chro-

matography method than with the traditional high-performance liquid chromatography method, which indicates that this

method is both practical and unconventional to be implemented.
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1 Introduction

Cephalosporins, also known as cephem, are a class of beta-

lactam antibiotics derived from the bacteria Acremonium,

originally known as ‘‘Cephalosporium.’’ They are used to

treat a variety of infections. Cephalosporins are a subclass

of beta-lactam antibiotics that include cephamycin and

other related compounds. The 7-amino cephalosporanic

acid, which is formed as a result of the hydrolysis of

cephalosporin C generated during fermentation, is a crucial

intermediate in the semi-synthesis of a considerable num-

ber of cephalosporins (Maiti and Bidinger 1981).

Ceftazidime is a third-generation semisynthetic cepha-

losporin with high antibacterial activity. It is frequently

used to treat common bacterial infections, including those

caused by Proteus species and Pseudomonas aeruginosa,

as well as those associated with many other bacteria.

Additionally, it is usually recognized as the antibiotic of

preference for bacterial infections induced by Enterobac-

ter, Klebsiella, Providencia, Proteus, Haemophylus, and

Serratia species, among others (Bergman et al.

2021;D’Cunha R et al. 2018; Raj et al. 2013; Yeh et al.

2005; Ye et al. 2008).

These infections include those of the bone and joints,

biliary tract, infections in immunocompromised patients

(neutropenic patients), cystic fibrosis (infection in respira-

tory tract), endophthalmitis, peritonitis, meningitis, pneu-

monia, skin infections (including burns and ulceration),

septicaemia, and urinary tract infections (Maiti and
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Bidinger 1981, Yan et al. 2012; Ye et al. 2008; Andrasi

et al. 2007, Cunha R et al. 2018b; Hefnawy et al. 1999;

Khan et al. 2011; Li et al. 2005; Patil and Jacob 2012;

Shields et al. 2018; Samnidou et al. 2003). The ability to

penetrate bacterial cell walls efficiently, its resistance to

bacterial enzyme degradation, its high intrinsic activity

against bacterial cell targets, its broad spectrum of activity,

and its extremely low toxicity are just a few of the many

advantages of this compound. Other advantages include its

extensive tissue penetration, metabolic stability, and low

level of protein binding in the blood (D’Cunha et al.

2018a, 2018b).

Figure S1 depicts the chemical structure of ceftazidime

pentahydrate, which is an antibiotic. Injections of cef-

tazidime, either as the sodium salt or in solution with

arginine, are used to administer the medication. Cef-

tazidime is widely dispersed in bodily tissues and fluids; it

penetrates the placenta and is found in breast milk (Jun Y B

et al. 1995).

The absorption of ceftazidime further into the aqueous

humor of the eye is relatively good following systemic

therapy with the antibiotic (Maiti and Bidinger 1981;

Abdellatef et al. 2000; Tyczkowska et al. 1992). On limited

occasions, it has been demonstrated that acceptable doses

for treatment of eye bacterial infections generated by

gram-positive as well as unequivocal gram-negative

pathogens can be achieved through systemic inoculation

(Jun 1995).

In the literature, there are numerous analytical

methodologies for the investigation of cephalosporins,

notably ceftazidime, which has an empirical formula of

C22H22N6O7S2 with a molecular weight of 546.58 g/mol. A

number of techniques, such as spectroscopy, HPLC, cap-

illary electrophoresis, fluorimetry, titrimetry, and polarog-

raphy, are employed in research. However, despite the fact

that ceftazidime has been studied and commercialized for

its therapeutic effects, there is just a single pharmacopoeial

treatise approved for its HPLC determination.

Several methods for determining the amount of cef-

tazidime in injectable powder have recently been published

by Moreno and Salgado, including microbiological assay,

HPLC, and spectrophotometry, among other methods

(Maiti and Bidinger 1981; D’Cunha et al. 2018b). To this

end, the goal of this research was to develop and evaluate a

unique and previously unpublished high-performance liq-

uid chromatography technology.

Active substance content in drug substances and drug

products that is less than specified can have a negative

impact on the patient’s safety and, in certain cases, can

result in life-threatening situations. The content of the

active ingredients listed above may change during the

manufacturing process or when storage conditions deteri-

orate. These drug assays are critical for drug efficacy.

According to regulatory guidelines such as ICH, USFDA,

MHRA, and others, its content or tests must be confined to

specific values. Despite the fact that there are a few ways of

determining the composition of ceftazidime for pure API,

high-performance liquid chromatography, amperometric

detection (Yan et al. 2012), polarography (Bergman et al.

2021; Yeh et al. 2005; Jun 1995; Khan et al. 2011; Li

2005), fluorometry (Ramya Kuber and Sravanthi 2017),

and spectrometry (Amer Saleh Mahdi et al. 2019).

To determine ceftazidime in a liquid chromatographic

assay, the USP Pharmacopeial method (USP 42) calls for

the use of anhydrous dibasic sodium phosphate and

monobasic potassium phosphate, acetonitrile as the mobile

phase, a LC system with ultraviolet detection, and a

Spherisorb ODS column with irregular particle size and

unendcapped. This technique was discovered to be lacking

in ruggedness as a result of the employment of a conven-

tional column and the usage of a dual-buffer mobile phase

in the previous study. There are also no methods available

for determining the concentration of ceftazidime in a

solution using Rapid Resolution Liquid Chromatography,

i.e. RRLC (Kassi et al. 2017).

In order to overcome this issue, we designed a well-

defined reverse-phase RRLC technique with photodiode

array detection that was both efficient and effective. Aside

from that, two methods were used to assess the specificity

of the method: the first involved spiking the contaminants

into the sample; the second involved executing multiple

degradation procedures on the sample. After that, at the

Orchid Chemicals and Pharmaceuticals Ltd. Research and

Development Center, a proprietary RRLC method for

determining the ceftazidime content was developed. To

ensure that the established assay method exhibits stability-

indicating features, it is tested for linearity, specificity,

precision, robustness, accuracy, stability, and ruggedness in

analytical solution, among other qualities. ICH and

USFDA regulations have been followed in the validation of

the technique in order to verify that it consistently meets

the standards and quality characteristics that have been

established (Guy 2014; Hiremath and Mruthyunjayaswamy

2008; ICH 2006).

2 Materials and Methods

2.1 Chemicals and Reagents

Ceftazidime bulk drug (active pharmaceutical ingredients),

pharmaceutical dosage form, and its impurity standards

were obtained from Orchid Pharma Limited, Chennai.

Analytical grade reagents such as sodium di-hydrogen

phosphate, phosphoric acid, hydrochloric acid, sodium

hydroxide, and peroxide were purchased from Merck’s
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private limited specialties, Mumbai, India. Also, HPLC

grade solvents such as water, methanol, and acetonitrile

were also purchased from Rankem Private Limited,

Mumbai.

2.2 RRLC Operating Conditions

The Agilent 1200 RRLC system, which included the

G1312B Binary Pump SL, the G1379B Micro Vacuum

Degasser, the G1367C High Performance HiP Autosampler

SL, the G1316B Thermostatted Column Compartment SL,

and the G1315C Diode Array Detector SL, was used for

method development and validation (DAD). The Waters

Empower 2 Software was used to process and assess the

chromatograms. The Sartorius microanalytical balance was

used for all weighing activities.

The chromatographic column was used for the method

development and validation studies on Zorbax Eclipse plus

C8 (100 9 4.6 mm, 1.8 lm) which was manufactured by

Agilent Technologies. The optimized method was isocratic

with various combinations of 0.01 M sodium di-hydrogen

phosphate (buffer) and acetonitrile. The buffer was filtered

through a 0.22-lm filter paper using a glass vacuum-fil-

tration apparatus. The mobile phase was a mixture of

buffer and acetonitrile at a ratio of 90:10 v/v and degassed.

The diluent used for the entire study was 0.02 M disodium

hydrogen phosphate adjusted to a pH of 7.0 with 10% v/v

phosphoric acid, which was filtered through 0.22 lm of

porosity membrane filter paper and degassed. The flow rate

was set at 1.0 mL/min, the temperature of the column

compartment was maintained at 35 �C, and the temperature

of the sample was controlled at 5 �C. The wavelength of

the detector was controlled in the entire UV region but was

also set at a single wavelength of 254 nm and the injection

volume was set at 5 lL. The chromatographic run time was

set at 4.0 min.

2.3 Standard Preparation

Dissolve an accurately weighed quantity of ceftazidime

reference standard in the mobile phase to obtain a solution

having a known concentration of about 0.1 mg/mL.

2.4 Sample Preparation for a Bulk Drug (API)

Dissolve an accurately weighed quantity of ceftazidime

sample (API) in the mobile phase to obtain a solution

having a known concentration of about 0.1 mg/mL.

2.4.1 Sample preparation for Pharmaceutical Dosage Form
(Ceftazidime for Injection)

Dissolve an accurately weighed quantity of ceftazidime for

injection in the mobile phase to obtain a solution having a

known concentration of about 0.1 mg/mL of ceftazidime.

2.5 Method Validation

In the current optimized RRLC method, all impurities and

degradation products are well resolved from the cef-

tazidime peak. Validation of the new analytical method

was performed in accordance with current ICH criteria.

The process of validating an analytical procedure involves

establishing, through laboratory research, that the proce-

dure’s performance characteristics fulfill the requirements

for its intended usage. System suitability, specificity, lin-

earity, accuracy, precision, and accuracy, ruggedness, and

robustness were also examined for validation (Bliesner

2006; FDA 2015).

2.5.1 Specificity

Specificity is the ability of the method to measure the

analysis response in the presence of its potential impurities.

Specificity was also studied by performing forced degra-

dation studies using acid, alkali hydrolysis, peroxide,

thermal, photolytic, and humidity degradation studies, and

also interference of the degradation products was also

investigated.

The specificity of the developed RRLC method for

ceftazidime in bulk drug and pharmaceutical dosage was

carried out in unspiked and spiked with the presence of its

impurities, namely, Impurity-A (2RS,6R,7R)-7-[[(Z)-2-(2-

aminothiazol-4-yl)-2-[(1-carboxy1-ethylethoxy) imino]a-

cetyl]amino]-8-oxo-3-[(1-pyridinio)methyl]-5-thia-1-az-

abicyclo[4.2.0]oct-3-ene-2- carboxylate (D-2-ceftazidime),

Impurity-B ((6R,7R)-7-[[(E)-2-(2-aminothiazol-4-yl)-2-

[(1-carboxy1-methylethoxy)imino]acetyl]amino]-8-oxo-3-

[(1-pyridinio)methyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-

2-carboxylate), Impurity-C (6R,7R)-2-carboxy-8-oxo-3-

(pyridiniomethyl)-5-thia-1- azabicyclo[4.2.0]oct-2-en-7-

aminium dichloride), Impurity D [6R,7R)-7-[[(Z)-2-[[2-

(1,1-dimethylethoxy)-1,1-dimethyl-2-oxoethoxy]imino]-2-

[2 [(triphenylmethyl)amino]thiazol4-yl]acetyl]amino]-8-

oxo-3-(pyridiniomethyl)-5-thia-1- azabicyclo[4.2.0]oct-2-

ene-2-carboxylate), Impurity E ((6R,7R)-7-[[(Z)-2-(2-am-

moniothiazol-4-yl)-2-[[2-(1,1-dimethylethoxy)-1,1-dime-

thyl-2-oxoethoxy]imino]acetyl]amino]-8-oxo-3-(pyridin-

iomethyl)- 5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-

carboxylate chloride, Impurity F (Pyridine), respectively.

To prove that the method is specific, all specified impuri-

ties of ceftazidime were prepared and injected individually
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and also spiked in the sample at specification level to check

for interferences and peak purity. The difference in the

assay value between the spiked and unspiked solutions was

calculated.

2.5.2 Calibration Curve (Linearity of RRLC Method)

Linearity is the ability of an analytical procedure to obtain

a response that is directly proportional to the concentration

(amount) of an analyte in the sample. If the method is

linear, the test results are directly or by well-defined

mathematical transformation proportional to the concen-

tration of analyte in samples within a given range [26]. The

evaluation is performed by plotting a graph with concen-

trations versus the peak area of ceftazidime. Thus, a series

of solutions of ceftazidime were prepared at a concentra-

tion ranging from 70 to 130 lg/mL. The calibration curves

were plotted over 7 different concentrations in the range of

70–130 lg/mL. Aliquots of standard working solution (0.7,

0.8, 0.9, 1.0, 1.1, 1.2, and 1.3 mL) were transferred to a

series of 10-mL volumetric flasks and diluted to the mark

with the mobile phase. Under the operating chromato-

graphic conditions mentioned above, aliquots (5 lL) from
each solution were injected in duplicate. A graph was

plotted with concentration on the X-axis versus area on the

Y-axis, and thus, the correlation coefficient was

determined.

2.5.3 Precision

The precision of an analytical method is the degree of

agreement between the individual test results obtained

when the method is applied to multiple sampling of a

homogenous sample. The precision of an analytical method

is usually expressed as the relative standard deviation of a

series of measurements (Sabir et al. 2013). Precision

measurements were taken in two ways: system precision

and precision measurement methods. The system’s preci-

sion is checked by injecting ceftazidime to ensure that the

analytical system is working properly. The retention time

and area response of six determinations of the standard

solution were measured and calculated for relative standard

deviation. The second one, method precision, is analyzed

ceftazidime sample six times, and the percentage of RSD is

calculated.

The system precision was assessed by measuring the

peak response of ceftazidime for 10 replicate injections of

the analytical standard solution with a concentration of

100 lg/mL. In the case of method precision, this was

achieved by injecting six individual sample preparations of

ceftazidime (API) and ceftazidime for injection (dosage) at

a concentration of 100 lg/mL of ceftazidime with mobile

phase diluent. The intermediate precision was carried out

by estimating the response of six individual sample

preparations of ceftazidime (API) and ceftazidime for

injection (dosage) when injected 6 times inter-day and

intra-day. The findings are recorded in terms of the relative

standard deviation.

2.5.4 Accuracy

The accuracy of an analytical procedure expresses the

closeness of agreement between the value which is

accepted either as a conventional true value or as an

accepted reference value and the value that was found [ICH

Q2 (R1)].

The accuracy of the method was determined by

preparing the sample solution at three different levels

(70%, 100%, and 130%) of the nominal sample concen-

tration in triplicate and analyzing it as per the proposed

method. The percentage recovery of each level was cal-

culated and found to be within the acceptance criteria,

which indicates the accuracy of the method.

2.5.5 Robustness

Robustness of an analytical method is the property that

indicates insensitivity to changes in known operational

parameters (e.g. flow rate, column oven temperature, and

mobile phase composition) on the results of the method and

hence its suitability for its defined purpose [Sahu, P. K.,

(2018)]. First is the effect of variation of flow rate, which is

evaluated by changing the flow by ± 10% from the spec-

ified; the second is the change of column temperature

by ± 5 units from the specified; and the last one is the

change of organic modifier in mobile phase-B by ± 10%

from the specified and checking the change in system

suitability parameters.The robustness studies on method

precision were performed by making minor changes in

chromatographic conditions such as flow rate (± 10%):

1.1 mL and 0.9 mL, the composition of organic modifier in

the mobile phase (± 2%) buffer: acetonitrile (880: 120 and

920: 80), the wavelength of the detector (± 5 nm) at

265 nm and 275 nm, and the column oven temperature

(± 5 �C) at 40 �C and 30 �C, respectively.

2.5.6 Ruggedness

The ruggedness of the proposed method was determined by

analyzing the ceftazidime (API) and ceftazidime for

injection solutions by two different analysts using two

different columns on different days on different

instruments.
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2.5.7 System Suitability Test

The system suitability test was conducted to determine the

resolution and reproducibility of the system for the analysis

to be performed using 6 replicate injections of a reference

solution containing 100 (lg/mL) of ceftazidime. The cal-

culated parameters are retention time, peak area, tailing

factor (peak symmetry), and potential plate, respectively.

2.5.8 Forced Degradation

Forced degradation studies were performed on ceftazidime

to develop a stability-indicating method and to establish the

specificity of the proposed method [ICH-Q2 (R1)]. The

stress solutions are made with a ceftazidime API and

dosage sample that will be utilized throughout the research.

The concentration and diluent addition are the same in all

of the degradations; the only change is the degradant uti-

lized and the time spent before injecting the sample.

2.5.8.1 Hydrolytic Degradation Under Acidic Condi-
tions A known quantity of ceftazidime samples is treated

with 5 mL of 1.0 N HCl solution. The solution is main-

tained at room temperature for 4 h, neutralized with 1.0 N

sodium hydroxide solution, and diluted to obtain a solution

having a known concentration of about 100 (lg/mL) and

injected into a chromatograph.

2.5.8.2 Hydrolytic Degradation Under Alkaline Condi-
tions A known quantity of ceftazidime samples is treated

with 5 mL of 0.1 N NaOH solution. The solution is

maintained at room temperature for 4 h and diluted to

obtain a solution having a known concentration of about

100 (lg/mL) and injected into a chromatograph.

2.5.8.3 Oxidative Degradation A known quantity of cef-

tazidime samples is treated with 2 mL of 30% hydrogen

peroxide solution. The solution is maintained at room

temperature for 4 h, neutralized with 0.1 N HCl solution,

and diluted to obtain a solution having a known concen-

tration of about 100 (lg/mL) and injected into a

chromatograph.

2.5.8.4 Thermal Induced Degradation For thermal

degradation, around 1000 mg of a sample that had been

held at 90 �C for 48 h, it was precisely weighed to produce

a solution with a known concentration of about 100 (lg/
mL), which was injected into a chromatograph.

2.5.8.5 Photodegradation For photolytic degradation, a

precisely weighed quantity of ceftazidime samples was

dissolved in diluent to generate a solution with a known

concentration of around 100 (lg/mL) and injected after

being subjected to 200 W h/m2 of UV light and 1.2 million

lux hours of visible light into a photostability chamber.

2.5.8.6 Humidity Degradation An appropriately weighed

quantity of ceftazidime samples was dissolved in diluent

and injected after being exposed to 97% RH at room

temperature for 48 h for humidity degradation (Somnath D.

Bhinge et al. 2016).

3 Results and Discussion

3.1 Method Development

A reverse phase rapid resolution liquid chromatographic

method was developed to determine the content of cef-

tazidime from its impurities. A reverse phase rapid reso-

lution liquid chromatographic method was developed.

During initial development, formic acid for acetic pH and

triethylamine for the basic pH range were used. A non-

polar stationary phase octadecylsilane (C-18) column has

been used for method development. Ceftazidime pentahy-

drate shows the strongest pKa value of about 2.82 and a

logP value of about -2.5. It is polar in nature. Since there

are no other alternatives, reverse phase (polar) chromato-

graphic analysis is the only option available for determin-

ing the content of ceftazidime. Throughout the mobile

phase study, volatile buffers and organic solvents such as

acetonitrile have been used for the separation of all

impurities from ceftazidime. It was observed that there

were not any distinct effects observed with peak shapes,

resolution, and also that all the impurities were eluted in a

higher organic ratio with the mobile phase. After several

injections, the peak shape was distorted due to a decrease

in column efficiency. Non-volatile salt buffers were used to

prevent peak tailing, and the method was optimized using a

sodium phosphate buffer mixed with acetonitrile in iso-

cratic mode on the Zorbax Eclipse plus C8 (100 4.6 mm,

1.8) column. The mobile phase was a mixture of buffer and

acetonitrile at a ratio of 90:10 v/v. The diluent used for the

entire study was 0.02 M disodium hydrogen phosphate

adjusted to a pH of 7.0 with 10% v/v phosphoric acid,

which gave the optimum solubility. The flow rate was set at

1.0 mL/min, the temperature of the column compartment

was maintained at 35 �C, and the temperature of the

sample was controlled at 5 �C. The wavelength of the

detector was controlled in the entire UV region but was

also set at a single wavelength of 254 nm and the injection

volume was set at 5 lL. The chromatographic run time was

set at 4.0 min. We achieved good peak shapes and

reproducibility.

The sequence of injections starts from blank, standard

solution (system suitability), sample solution, and spiked
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sample solutions. Further degradation studies were per-

formed to check the specificity, which is not shown here

and is fully studied in the validation part. There was no

inference observed from the blank chromatogram, which is

shown in Figure S1a when compared with the standard

solution (system suitability) and the sample chromatogram.

The standard solution chromatogram is shown in Fig-

ure S1b. Finally, the sample and the spiked chromatograms

are shown in Figures S2a and Sb, and the spiked data show

the specificity of the method.

3.2 Method Validation

3.2.1 Specificity

The results of specificity are shown in Table S1, and peak

purity plots indicate that the ceftazidime peaks were

homogeneous and no co-eluents were present. This con-

firms the specificity of the method. The moisture content of

the ceftazidime (API) and ceftazidime for injection (dosage

form) samples was found to be 0.69 and 2.38% w/w, and

the values were used for all assay calculations. The

specificity of the method was evaluated by injecting the

diluents and the sample solution prepared as per the pro-

posed method to check for interference, if any, at the

retention time of the ceftazidime peak from the diluents.

There was no peak eluting at the retention time of cef-

tazidime from the diluents.

The specificity of the method was further evaluated by

analyzing the sample solution spiked with known related

substances of ceftazidime at a 1% level in triplicate. The

assay difference between the related substances spiked

sample preparation and the unspiked preparation of cef-

tazidime (API) and ceftazidime for injection (dosage form)

was found to be 0.17 and 0.87% w/w. The acceptance

criteria for specificity include the assay difference between

spiked and unspiked samples, which is not more than 1%.

The peak purity plots, which indicate the ceftazidime

peaks, are homogeneous and no co-eluents are present. The

purity angle should be less than the purity threshold. This

confirms the specificity of the method.

3.2.2 Stress Degradation

The results of the degradation of stress are summarized in

Table S2. This indicates the effectiveness of the developed

method for the separation of degradation products from

ceftazidime (API) and ceftazidime for injection (dosage

form) for peak injection and thus the specificity of the

method.

3.2.3 Linearity

The calibration result for ceftazidime is shown in Table 1.

As the area count is plotted against the concentration, it

reveals that the method was linear over the specified range,

as seen in Fig. 1. The value of the correlation coefficient

(R2) was estimated to be 0.9994 from the calibration plot.

The Y-equation for ceftazidime concentrations was found

to be y = 11,136 x -134,493.

3.2.4 Precision

System Precision.

The results of system precision are shown in Table S3.

The system precision was found to be 0.14% RSD. The

acceptance criterion for system precision of % RSD is not

more than 1%, which means that the precision is below the

limits.

Method Precision.

The findings of method precision are shown in Table 2.

The acceptance criterion for method precision is that the

percentage RSD of ceftazidime (API) and ceftazidime for

injection (dosage) assay from six-sample preparation is not

more than 1%. The % RSD for the assay value of six

different sample preparations for ceftazidime (API) and

ceftazidime for injection (dosage) was observed to be 0.10

and 0.44%, indicating that the method is precise. The

representative chromatograms of blank solution, standard

solution, and sample solution are shown in Fig. 1.

Intermediate Precision.

The findings of intermediate precision are shown in

Table 3. The acceptance criterion for method precision is

that the percentage RSD of ceftazidime (API) and cef-

tazidime for injection (dosage) assays from six-sample

preparation is not more than 1.0%. The percentage RSD for

the assay values of six different sample preparations for

Table 1 Linearity analysis of calibration graph for ceftazidime

S. no Concentration (lg/mL) Area counts (lV * sec)

1 70 657,529

2 80 763,772

3 90 861,693

4 100 970,107

5 110 1,098,521

6 120 1,196,847

7 130 1,333,515

Beers law range ( lg/mL) 70 – 130

Slope 11,136

Intercept -134,493

Correlation Coefficient 0.99944
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ceftazidime (API) and ceftazidime for injection (dosage)

was observed to be 0.22 and 0.62%, indicating that the

method is precise.

3.2.5 Accuracy

The accuracy of the method was determined by preparing

the sample solution at three different levels (70, 100, and

130% of the nominal sample concentration) in triplicate

and analyzing it as per the proposed method. The

percentage recovery of each level was calculated and found

to be within the acceptance criteria (99.89–100.69), which

indicates the accuracy of the method. The results of

accuracy are shown in Table 4 (a & b).

3.2.6 Ruggedness

The ruggedness of the proposed method was calculated

using the method and intermediate precision. The mean,

standard deviation, and percentage RSD of the assay values
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Fig. 1 Calibration plot of

ceftazidime

Table 2 Results of Method

Precision
S. no Assay of Ceftazidime (% w/w)

API Dosage

1 98.78 88.03

2 98.69 88.17

3 98.64 88.76

4 98.69 88.2

5 98.91 88.75

6 98.7 88.42

Mean 98.74 88.39

Standard deviation 0.10 0.31

% Relative Standard deviation (RSD) 0.10 0.35

Table 3 Results of intermediate

precision
S. no Assay of ceftazidime (% w/w)

API Dosage

1 98.71 88.85

2 98.55 88.15

3 98.65 88.60

4 98.46 88.99

5 98.86 88.13

6 98.23 88.13

Mean 98.58 88.48

Standard deviation 0.22 0.39

% Relative standard deviation (RSD) 0.22 0.44
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are shown in Table S4. Within the acceptance criterion, the

standard deviation of ruggedness was found to be 0.18 and

0.38%. The percentage RSD of ruggedness was found to be

0.18 and 0.51, which were found to be well below the

acceptance criteria limit of 1%. The observation shows that

this method can be used in different laboratories without

any significant variation.

3.2.7 Robustness

At these various conditions, the assays of ceftazidime

(API) and ceftazidime for injection (dosage) samples were

performed in triplicate as per the proposed method. The

system suitability criteria were evaluated, and the obtained

assay values were compared with the data of method pre-

cision. The data given in Tables S5 and S6 indicate that the

method is robust under these varied conditions. The

robustness of the method was evaluated by deliberately

varying the chromatographic conditions such as flow rate

(10%), the organic modifier in the mobile phase by 2%

absolute, the wavelength of detection by 5 nm, and the

column oven temperature at (5 �C). At these varied con-

ditions, the assay of ceftazidime (API) and ceftazidime for

injection (dosage) samples was performed in triplicate as

per the proposed method, and the robustness criteria were

evaluated, and the assay values so obtained were compared

with the data of the method precision. The acceptance

criterion for robustness is that the overall percentage of

RSD should not be more than 1%. All the robustness

parameters show that the overall percentage RSD was

below 1%, which means that the method is robust.

3.2.8 System Suitability

System suitability must be assessed in order to confirm the

chromatographic system’s suitability and reproducibility

for analysis. System suitability was determined from six

replicate injections of the standard solution containing

100 lg/mL of ceftazidime prior to the sample analysis

(API). The acceptance conditions were less than 2% rela-

tive standard deviation (RSD) for peak areas, the USP

tailing factor was less than 2.0, and the USP plate count

was more than 5000 for ceftazidime peaks from the stan-

dard solution. The critical parameters tested that met the

acceptance criteria are shown in Table S7.

3.2.9 Solution Stability

A study to establish the stability of the ceftazidime test

solution at 5 �C bench top was conducted on an hourly

basis. The area of ceftazidime in the test solution was

Table 4 Accuracy study

Recovery

level

Ceftazidime (API) Ceftazidime for injection (dosage) Mean Recovery

(%)

Standard

deviation

%RSD

Added Recovered Recovery

(%)

Added Recovered Recovery

(%)lg/mL lg/mL

70% 70.63 70.23 100.6 71.23 70.98 100.4 100.6 0.2095 0.21

70.75 70.15 100.9 71.06 70.86 100.3

70.90 70.45 100.6 70.90 70.45 100.6

100% 100.3 100.7 99.60 100.2 100.7 99.50 99.90 0.3469 0.35

100.9 100.5 100.3 101.2 100.9 100.2

100.6 100.8 99.70 100.3 100.6 99.8

130% 132.0 131.1 100.7 130.5 130.2 100.2 100.1 0.2963 0.30

131.2 131.4 99.87 130.9 131.0 99.89

131.3 131.3 100.0 131.1 131.1 100.0

Table 5 Solution stability @ 5 �C

S. no Time (hrs) Area counts (lV* sec) Cumulative % RSD

API Dosage API Dosage

1 initial 634,121 574,072 - -

2 2 636,557 569,157 0.27 0.61

3 6 629,773 569,111 0.54 0.50

4 8 632,491 573,106 0.45 0.46

5 10 634,054 574,983 0.39 0.49

6 12 637,581 588,497 0.44 1.24

7 24 632,190 569,621 0.42 1.19
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estimated at regular intervals against the initial test solution

area each time.

The cumulative percentage RSD values of ceftazidime

(API) and ceftazidime for injection (dosage) were found to

be 0.42 and 1.19, respectively, which indicates that the

sample solution is stable for at least 24 h at 5 �C. The
results of accuracy are shown in Table 5.

4 Conclusion

The method was validated as per the ICH guidelines and

acceptable results were obtained. According to the find-

ings of the extensive validation study, the approach is for

linearity, specificity, precision, ruggedness, accuracy,

solution stability, robustness, and system suitability, and

stability-indicating. Using the validation settings, it was

possible to produce findings that were acceptable in

terms of the acceptance criteria. In this study, it was

discovered that the approach was suitable for use in

ordinary laboratory analysis and that it had a high degree

of accuracy and precision. Based on the results of the

extensive validation research that was done, it was

determined that the method is stability-indicating and

that it may be used throughout the shelf life of the drug

product. Many companies investing in fast LC instru-

ments such as the RRLC, UPLC, and UFLC strive hard

to develop methods that are faster and cost-effective in

terms of money, time, and resources. This method has

advantages in terms of minimum analysis time, increased

sample throughput and productivity, reproducibility and

robustness, high efficiency and resolution, less solvent

consumption, development of a fast LC method and

rapid validation.
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