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Introduction  

Rocephin is the brand name of ceftriaxone sodium.
1
 

Ceftriaxone is a semi-synthetic antibacterial or antibiotic
2
 injection. It 

is chemically known as [6R-[6a,7b, (Z)]-5-thia-1-azabicyclo-[4.2.0]-

oct-2-ene-2-carboxylic acid, 7-[(2-amino-4-thiazolyl) 

(methoxyimino)-acetyl]amino]-8-oxo-3-[[(1,2,5,6-tetrahydro-2-

methyl-5,6-dioxo-1-2,4-triazin-3-yl)-thio]methyl], in the hydrated 

disodium salt and contains about 83 mg of sodium per gram of 

ceftriaxone.
3
 Ceftriaxone belongs to the third-generation 

Cephalosporin antibiotics.
4
 It is a drug that prevents bacteria from 

producing muco-peptide in their cell walls.
5 

A component of 

ceftriaxone's beta-lactam binds to endopeptidases, transpeptidases, and 

carboxypeptidases found in the cytoplasmic membrane of bacteria. 

When ceftriaxone binds to these enzymes, it causes abnormal cell wall 

formation and cell death. Ceftriaxone is a medication that is absorbed 

entirely and administered intramuscularly and intravenously. Its 

lengthy duration of action is due to two factors: a high fraction of 

protein binding in the plasma and delayed urine elimination.
6 
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Ceftriaxone can be found in urine at concentrations ranging from 33 to 

67%.  

Furthermore, some concentrations are eliminated as microbiologically 

inactive molecules in the bile and feces.
7 

The majority of solvents and 

chemicals used in the pharmaceutical analysis are toxic, expensive, 

endangering workers' health, and the environment.
8
 Green chemistry 

saves the environment by substituting greener solvents for harmful 

solvents or reducing solvent volume.
9
 The pharmaceuticals and their 

contaminants are quantified using an environmentally friendly and 

cost-effective High-Performance Liquid Chromatography (HPLC) 

technique. Because of the method's relative standard deviation and 

linearity, it is a more ecologically friendly technique that saves time 

and solvents.
10

 The solvent's profile is environmentally friendly, more 

efficient, and uses less solvent. A binary cocktail of antibiotics, 

ceftriaxone sulfate, and streptomycin sodium was analyzed by ‘ratio 

spectra 2nd derivative’ and ‘zero-crossing 3rd derivative 

spectrophotometry’. The detection limits for ceftriaxone and 

streptomycin were calculated to be 0.15 and 0.27 mg/mL, 

respectively.
11

 Tigecycline (TGC) has previously been shown to have 

clinical efficacy and safety in the treatment of complex intra-

abdominal infection (CIAI) when compared to imipenem/cilastatin.
12

 

Microbiological responses were similar in the two treatment groups, 

with 68.1 % (94/138) and 71.5 % (98/137) of TGC-treated and 

ceftriaxone-onemetronidazole-treated subjects, respectively, achieving 

microbiological eradication at total plate count (TOC).
13

 Using a 

conductometric approach in water and the presence of different salts, a 

recent study investigated the interaction among cephalosporin, 

ceftriaxone sodium trihydrate, a cationic surfactant, cetyl trimethyl 

ammonium bromide such as NaCl, Na2SO4, and Na3PO4 at various 

temperatures.
14

 A single chamber microbial fuel cell with an air 

cathode has been successfully developed using glucose–ceftriaxone 
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Ceftriaxone sodium is a beta-lactam antibiotic with bacteriocidal activity. This drug is 

eliminated in the urine, although only in a 33-67% concentration. Many High-Performance 

Liquid Chromatography (HPLC)-based methods for the analysis of ceftriaxone have been 

developed using various solvents, but these solvents are expensive, poisonous, and harmful. This 

study was therefore aimed at developing an eco-friendly and cost-effective HPLC-based 

approach for the quantitative determination of ceftriaxone sodium in pharmaceutical drug 

formulations. In the method development, the column used was X-Bridge C-18 (4.6 mm x 250 

mm, 5 µm) for the separation, identification, and determination. The mobile phase was a mixture 

of phosphate buffer and methanol in the ratio of 73:27 (% v/v) at a flow rate of 1 mL/min, while 

the temperature was maintained at 25
o
C. Throughout the method development, the photodiode 

array detector was at a wavelength of 254 nm. The developed approach demonstrated good 

system applicability, with an RSD of less than 2%. R
2
 was 0.9998, which is exact because the % 

RSD is less than 2% (repeatability with 0.5% RSD and intermediate precision with 0.22% RSD). 

The limit of detection (LOD) and limit of quantification (LOQ) for the method were 0.0472 and 

0.157 mg/mL, respectively. The R
2
 and RSD values suggested that the approach was linear, 

exact, and accurate, demonstrating that the developed method is environmentally friendly, cost-

effective, and green. 

 

Keywords: Ceftriaxone sodium, Cost-effective, Eco-friendly, High-Performance Liquid 

Chromatography, Method development, Pharmaceutical drug formulation. 
 

Copyright: © 2021 Haider et al. This is an open-

access article distributed under the terms of the 

Creative Commons Attribution License, which 

permits unrestricted use, distribution, and 

reproduction in any medium, provided the original 

author and source are credited. 
 

https://www.tjnpr.org/
mailto:dr.msajid@bzu.edu.pk
http://www.doi.org/10.26538/tjnpr/v1i4.5
https://creativecommons.org/licenses/by/4.0/


                                            Trop J Nat Prod Res, October 2021; 5(10):1716-1723                    ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1717 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

sodium combinations or ceftriaxone sodium as fuel.
15,16 

The 

elimination of any drug residues from the related equipment is a 

crucial step in the pharmaceutical industry. To regulate a cleaning 

procedure, an HPLC-UV technique for determining ceftriaxone 

sodium residues on stainless steel surfaces was developed and 

validated. The quantification of ceftriaxone in the presence of statin 

medications in the formulation and human serum was reported using a 

reverse-phase high-performance liquid chromatographic (RP-HPLC) 

approach that was accurate, sensitive, and time-consuming.
17,18

 The 

characterization of in vitro ceftriaxone sodium leads to an ideal 

biocompatibility recipe and cell assessment (hemolytic testing).
19,20

  

For the analysis of ceftriaxone sodium, several different methods have 

been published, including chromatographic and spectrophotometric 

approaches. The purpose of developing a novel method for the 

analysis of ceftriaxone sodium was to create a method that is more 

cost-effective, reliable, efficient, and less harmful (in terms of 

chemical utilization) while still providing reasonable accuracy and 

precision. The chemicals utilized are both environmentally acceptable 

and cost-effective (Methanol and buffers). The development of green 

technology for measuring ceftriaxone at extremely short intervals is a 

primary goal of adopting this mobile phase. 

Therefore, the aim of the current study was to develop an eco-friendly, 

cost-effective, reliable, efficient, and less harmful HPLC-based 

method for the quantitative determination of ceftriaxone sodium in 

pharmaceutical drug formulations. 

 

Materials and Methods 

Sources of chemicals 

The chemicals utilized in this research were of analytical quality and 

were used without further purification. Methanol (HPLC grade) was 

obtained from Fisher Chemicals. Potassium dihydrogen phosphate, 

disodium hydrogen phosphate, and orthophosphoric acid were 

purchased from VWR Chemicals, while Brooks Pharma supplied the 

Ceftriaxone sodium (STD) and Titan-1000 injections. 

 

Method development 

Different trials were made to develop a method for the quantitative 

determination of ceftriaxone sodium. Guidelines for method 

development were taken from British Pharmacopeia.
21

 Variation in the 

flow rate and composition of the mobile phase was made,
22

 to get the 

optimum results of ceftriaxone sodium determination in active 

pharmaceutical ingredient and pharmaceutical injection dosage form,
23

 

as shown in Table 1. After numerous trials, a phosphate buffer and 

methanol mixture in a ratio of 73:27 was chosen as the mobile phase 

for the analysis and validation of ceftriaxone sodium. A 73:27 mixture 

of buffer and methanol was utilized for the HPLC analysis. The 

composition of the buffer for the mobile phase was: 800 mL water, 3.5 

g potassium dihydrogen orthophosphate, and 11.6 g disodium 

hydrogen phosphate, with a pH of 7. 

 

Table 1: Chromatographic conditions for HPLC-based method 

development 
 

Column 

Used 

Mob. Phase 

Composition 

Flow 

Rate 

(mL/min) 

Temp. 

(ºC) 

Inj. 

Volume 

(µL) 

Detection 

Wavelength 

(nm) 

X-

Bridge 

C-18 

Buffer : 

Methanol 

73: 27 

0.8 25 10 254 

X-

Bridge 

C-18 

Buffer: 

Methanol 

73: 27 

1 25 10 254 

X-

Bridge 

C-18 

Buffer: 

Methanol 

73: 27 

1.2 25 10 254 

HPLC analysis of ceftriaxone sodium 

Ceftriaxone sodium (25 mg) was diluted in a 50 mL volumetric flask 

to a final volume of 50 mL, and a 0.04 mg/mL standard solution was 

produced from the stock solution. The mobile phase of buffer and 

methanol was used to evaluate the standard solution of ceftriaxone 

sodium on an AGILENT C-18 (250 mm x 4.6 mm, 5 m) analytical 

column (73:27). A photodiode array (PDA) detector was used to 

detect a wavelength of 254 nm. Because the usual solution peak 

occurred sooner than 5 minutes, the overall run time was estimated to 

be between 8 and 10 minutes.
24,25

 

 

Method validation 

The approach was validated using the British Pharmacopeia (BP), the 

United States Pharmacopeia (USP), and the International Conference 

of Harmonization (ICH) guidelines.
22

 Linearity, Specificity, Range, 

Limit of Quantification (LOQ), Limit of Detection (LOD), Precision, 

and Accuracy were the metrics investigated during the validation. 

Concentrations of 0.01, 0.02, 0.04, 0.06, 0.08, and 0.1 mg/mL were 

the solution ranges utilized for the method validation. The range for 

this method was measured between 0.01 and 0.1 mg/mL, by using six 

different concentrations (0.01, 0.02, 0.04, 0.06, 0.08, and 0.1 mg/mL) 

of ceftriaxone sodium. Accuracy (%) was obtained by spiking 50, 100, 

and 150% working standards in the target concentration. 

 

Method verification 
Method verification for quantitative analysis of ceftriaxone sodium 

injection dosage form was performed by taking two different brands of 

ceftriaxone sodium accessible in the market. 

 

Sample preparations of Ceftriaxone and Titan-1000 injections 

To get a uniform sample of ceftriaxone sodium in Ceftriaxone 

injection, the whole content of a vial containing 1000 mg of 

ceftriaxone was transferred to a 100 mL volumetric flask and 

dissolved in water, sonicated for 2 minutes in a sonicator, and cooled 

at room temperature. Then, 1 mL from the above first dilution was 

taken into another 50 mL volumetric flask and filled up to the mark. 

Furthermore, 5 mL from the second dilution was taken into another 25 

mL volumetric flask to prepare a final concentration of 0.04 mg/mL of 

ceftriaxone. The same method used for the Ceftriaxone sodium 

injection was also utilized for the Titan-1000 injection, for the dilution 

up to 0.04 mg/mL concentration of ceftriaxone. 

 
HPLC analysis for method verification 

HPLC was used to separate the product samples. The sample sequence 

was performed using the sequence set method (SSM) on the HPLC 

equipment. To test the stability of the HPLC system, five replicates of 

a ceftriaxone sodium standard solution were run. This was followed 

by three replicates of sample solutions from two different 

manufacturers; all under identical conditions as the standard solution. 

The separating column and system tubing were washed to eliminate 

any leftover excipients. 

 

Results and Discussion 

Ceftriaxone sodium is a third-generation antibacterial agent, belonging 

to the Cephalosporin class. Ceftriaxone contains a 3-thiamethyl group 

as a highly acidic heterocyclic system. When compared to previously 

reported methods, the approach developed for this medicine is simple, 

cost-effective, and produces better results. Acetonitrile (ACN), 

ammonia, and methanol were commonly employed in prior 

procedures. ACN and ammonia are both harmful and costly. The 

validation of a developed method is carried out following the 

requirements of the British Pharmacopeia (BP), the International 

Conference of Harmonization (ICH), and the United States 

Pharmacopeia (USP). 

 

Outcome of the method development  

HPLC chromatogram of ceftriaxone sodium obtained from the 

developed method is shown in Figure 1. The retention time of 

ceftriaxone sodium was 4.06 minutes. The results obtained by this 

method are very precise. 
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Five replicates of prepared standard solution (0.04mg/mL) were 

analyzed and the acquired data is given in Table 2, which shows the 

relative standard deviation of 0.5%. The method developed is cost-

effective, precise, less time-consuming, accurate, and eco-friendly as 

chemicals used in this method are easily available, non-toxic to the 

environment, and cheap. It also increases the lifetime of a Photodiode 

Array detector lamp. As the retention time of the peak is about 3 to 4 

minutes, solvent consumption is quite low, so the developed method is 

economical. 

 

Outcome of the method validation 

In this study, a green and low-cost method for the analysis of 

ceftriaxone sodium was developed and then validated to ensure the 

stability and authenticity of the results acquired by using the 

specifically developed method. The method was validated according 

to international guidelines; U.S Pharmacopeia, and International 

Conference of Harmonization. In the developed method, the following 

parameters were validated: the linearity, limit of detection, limit of 

quantification, range, precision, accuracy, and specificity.  

 

Linearity 

In this study, linearity was measured by analyzing six concentrations 

that range from 0.01 to 0.1 mg/mL (0.01, 0.02, 0.04, 0.06, 0.08, and 

0.1 mg/mL) under the same conditions as presented in the method 

(Table 3). Also, three replicates of each concentration were analyzed 

to check the accuracy of the developed method. Linearity is very 

significant. It describes the limits both from the lower and upper end 

in which the targeted concentration of the substance in the sample can 

be detected. To verify the linearity of the obtained results, the 

calibration curve was drawn between the areas of chromatographic 

peak against concentration of analyte in the sample. The correlation 

coefficient is highlighted in Figure 2. 

 

Limit of detection and limit of quantification  

The limit of detection (LOD) of the analytical method is the minimum 

amount of analyte which can be detected by using that specific 

method. In this case, from all the above three methods, the last method 

was used which involves the intercept and standard deviation 

calculation, and the obtained LOD for the ceftriaxone sodium was 

0.0472 mg/mL (Table 4). The process by which the minimum amount 

of analyte can be accurately quantitated is known as the limit of 

detection of the analytical procedure. Similarly, the limit of 

quantification for ceftriaxone sodium was 0.157 mg/mL as shown in 

Table 5. 

 

Precision 

A degree of closeness between observed values obtained by series of 

measurements of the same sample over an extended time by using the 

same method is known as precision. The precision of the analytical 

method (reproducibility, repeatability, and intermediate precision) was 

calculated. Reproducibility is only required when standardization of 

method is required by the International Conference of Harmonization, 

so it is an optional factor. Repeatability and intermediate precision 

were also calculated for the developed method. 

 

Limit of detection and limit of quantification  

The limit of detection (LOD) of the analytical method is the minimum 

amount of analyte which can be detected by using that specific 

method. In this case, from all the above three methods, the last method 

was used which involves the intercept and standard deviation 

calculation, and the obtained LOD for the ceftriaxone sodium was 

0.0472 mg/mL (Table 4). The process by which the minimum amount 

of analyte can be accurately quantitated is known as the limit of 

detection of the analytical procedure. Similarly, the limit of 

quantification for ceftriaxone sodium was 0.157 mg/mL as shown in 

Table 5. 

 

 

 

 

 

 
Figure 1: Chromatogram of ceftriaxone sodium standard. 

 

Table 2: Six replicates of HPLC standard solution. 
 

Concentration (mg/mL) Replicate Peak Area 

 

0.04  

1 2105635 

2 2128995 

3 2135637 

4 2131604 

5 2132577 

6 2133346 

Mean 2127964.7 

SD 11153.392 

%RSD 0.5 

 

 
Figure 2: Linearity curve for ceftriaxone sodium 
 

 

 



                                            Trop J Nat Prod Res, October 2021; 5(10):1716-1723                    ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1719 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

Table 3: Linearity for developed method validation 
 

Conc. of 

STD (mg/mL) 

Peak Area 

Replicate 1 Replicate 2 Replicate 3 Average 

0.01  481789.24 478934.611 474328.476 478350.77 

0.02  941282.49 934139.93 942392.92 939271.77 

0.04  1823190.55 1821575.95 1816060.17 1820275.55 

0.06  2786771.83 2787682.43 2791028.49 2788494.25 

0.08  3735204.66 3740140.93 3730788.36 3735377.98 

Correlation Coefficient 

(R
2
) 

Intercept %RSD of Mean Comments 

0.9998 -412.257 1.041288 Linear 

Table 4: Calculation of Limit of Detection 
 

Conc. of 

STD (mg/mL) 

Peak Area 

Replicate 1 Replicate 2 Replicate 3 Average 

0.01  481789.24 478934.611 474328.47 478350.77 

0.02  941282.49 934139.934 942392.9 939271.77 

0.04 1823190.55 1821575.95 1816060.17 1820275.55 

0.06 2786771.83 2787682.43 2791028.49 2788494.25 

0.08 3735204.66 3740140.93 3730788.36 3735377.98 

Correlation Coefficient 

(R
2
) 

Intercept %RSD of Mean Comments 

 0.9998 -412.257 1.041288 Linear 

Limit of Detection 0.0472 mg/mL 

 

Table 5: Calculation of Limit of Quantification 
 

Conc. of 

STD (mg/mL) 

Peak Area 

Replicate 1 Replicate 2 Replicate 3 Average 

0.01 481789.24 478934.61 474328.47 478350.77 

0.02 941282.49 934139.93 942392.92 939271.77 

0.04 1823190.55 1821575.95 1816060.17 1820275.55 

0.06 2786771.83 2787682.43 2791028.49 2788494.25 

0.08 3735204.66 3740140.93 3730788.36 3735377.98 

Correlation Coefficient 

(R
2
) 

Intercept %RSD of Mean Comments 

0.9998 -412.257 1.041288 Linear 

Limit of Quantification 0.157 mg/mL 

 

Precision 

A degree of closeness between observed values obtained by series of 

measurements of the same sample over an extended time by using the 

same method is known as precision. The precision of the analytical 

method (reproducibility, repeatability, and intermediate precision) was 

calculated. Reproducibility is only required when standardization of 

method is required by the International Conference of Harmonization, 

so it is an optional factor. Repeatability and intermediate precision 

were also calculated for the developed method. 

  

Repeatability 

Repeatability is the degree of closeness of results obtained by 

analyzing the number of replicates of the same sample under the same 

conditions. The repeatability of the method was studied by preparing a  

 

 

0.04 mg/mL concentration solution of ceftriaxone sodium. Six 

replicates of 0.04 mg/mL were analyzed on the HPLC (Table 6). 

 

Intermediate precision 

According to the international guidelines, intermediate precision of an 

analytical procedure is the ability to produce precise results either by 

analyzing the same sample by a different analyst, on a different instrument, 

or by analyzing it on different days. In this case, intermediate precision 

for the analytical method was studied by testing the sample on 

different days. A concentration (0.04mg/mL) of solutions was 

prepared and ran on the same HPLC instrument but on different days. 

Five replicates of the standard solution were prepared on both days 

and analyzed on the same HPLC instrument and the results acquired 

by these replicates are described in Table 7. The result obtained for the 

square root of ∑ (%RSD)
2 

was 0.22361. The results are within the 

specified limit. 
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Table 6: Calculation of Repeatability 
 

Concentration 

(mg/mL) 

Replicates Peak Area 

0.04 1 2105635 

2 2128995 

3 2135637 

4 2131604 

5 21322577 

6 2133346 

Mean  2127964.778 

SD  11153.392 

%RSD  0.5 

 

Table 7: Calculation of Intermediate Precision 
 

Concentration 

(mg/mL) 
Replicates of STD Day 1 Day 2 

0.04  

1 892371 862750 

2 888007 864142 

3 889171 863367 

4 890535 863651 

5 890720 862243 

Mean 890160.815 863230.639 

SD 1655.202 747.133 

%RSD  0.2 0.1 

(%RSD)
2
 0.04 0.01 

Sum of (%RSD)
2
              0.05 

SQRT of Sum           0.22361 

 

Accuracy  

Accuracy is the degree of closeness of the resultant values from the 

analytical method to the conventionally accepted reference values or true 

values of the analyte. In the method validation, three different 

concentration solutions were prepared by spiking with 50, 100, and 150% 

amount to the targeted concentration (0.04 mg/mL) of the sample. 

Three replicates of each concentration of the analyte were run on 

HPLC and the results acquired are presented in Table 8. The obtained 

recoveries for the 50, 100, and 150% spiked concentration showed 

recoveries up to 99.19, 98.40, and 98.48%, respectively (Table 8). 

These results demonstrate that the accuracy of the false method is 

close to each other (Figure 3). 

 

Uncertainty 

The square root of the sum of the squares of % RSD of all the 

parameters gives a combined uncertainty. The expanded uncertainty is 

shown in Table 9, while Table 10 highlights a detailed summary of the 

method validation. 

Uncertainty 

=                         
                                     

 

Method verification  

After the validation studies of the developed method were achieved, it 

was applied to the injection dosage form for qualitative and 

quantitative studies of the ceftriaxone sodium by using two different 

pharmaceutical brands as Cefxon and Titan-1000 injections. The 

developed method shows no interference by excipients and additives 

present in the dosage form. Chromatograms of the dosage forms are 

shown below: 

Ceftriaxone injection (1000 mg/vial): The developed method was 

successfully applied to Cefxon injection manufactured by Bosch 

Pharma. The results of the chromatogram of sample solution analysis 

(Figure 4A) were within the range of system suitability parameters. 

Titan-100 injection (1000 mg/vial): The developed method was 

successfully applied to Titan-1000 injection manufactured by Macter 

International Pharma. The results were within the range of system 

suitability parameters. A chromatogram of the analysis of sample 

solution is given in Figures 4A and B.   

 

 

Figure 3: Chromatogram and peak response for (A) 50; (B) 100; (C) 150 % spiking 
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Figure 4: Chromatogram of (A) Cefxon injection; (B) Titan-1000 injection 

 

Table 8: Accuracy and recovery calculation 
 

Conc. S-US Mean of (S-US) Added Amount SD % RSD % Recovery Mean % recovery 

50% spiked 0.0194 0.0195 0.02 

mg/mL 

0.000014 0.072 99.16 99.19 

0.0195 99.21 

0.0195 99.20 

100% spiked 0.0386 0.0387 

 

0.04 mg/mL 0.000056 0.146 98.36 98.40 

0.0387 98.48 

0.0386 98.35 

150% spiked 0.0589 0.0588 0.06 mg/mL 0.00016 0.282 98.97 98.84 

0.0589 98.91 

0.0586 98.65      

Table 9: Calculation of Uncertainty 
 

Parameter %RSD Square of %RSD 

Linearity 1.041288 1.084281 

Repeatability 0.5 0.25 

Intermediate precision 0.22361 0.050 

Practical Bias 0.039029537 0.001523 

Sum of square  1.38580 

Combined Uncertainty  1.177 

Expanded Uncertainty  2.35 

 

Conclusion 

This new method is more cost-effective, complex, precise, and 

accurate while still being environmentally friendly. The results 

acquired during the verification process were accurate and within the 

ICH and pharmacopeia-provided system suitability parameters. The 

results were repeatable on multiple days and times. As a result of this, 

any laboratory or industry can use this developed method for 

ceftriaxone sodium in bulk or injection dosage form as long as they 

follow the method parameters and allowable variations as defined by 

the United States Pharmacopeia, British Pharmacopeia, and 

International Conference for Harmonization. 
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Table 10: Detailed summary of method validation parameters 
 

Parameters Obtained Results Remarks 

Linearity  Correlation coefficient (R
2
) = (0.9999) Method is Linear 

Range  Correlation coefficient (R
2
) = (0.9999) 

%RSD = < 2 

0.01mg/mL to 0.08mg/mL 

Specificity  Chromatogram for the injection dosage form of Ceftriaxone Sodium was 

comparable and there was no interference by excipients of the dosage form. 

Method is Specific 

Precision  %RSD (Repeatability) = (0.5) 

% RSD (Intermediate Precision) = (0.22361) 

Method is Precise 

Accuracy  %age Recovery was in the range of (98.403% to 99.191%) Method is Accurate 
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