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Abstract
We optimized and validated an isocratic high-performance liquid chromatography (HPLC) assay for quantification of 
ceftiofur hydrochloride in bubaline plasma. Ceftiofur, its metabolic products and protein-bound residues were cleaved, 
derivatized into desfuroylceftiofur acetamide and injected into HPLC system. The mobile phase comprising of sodium di-
hydrogen phosphate (0.025 M, pH 7) and acetonitrile (34:66, v/v), was driven at a flow rate of 1 mL/min, and separation was 
achieved using C18 column. Isocratic elution was performed with an injection volume of 45 µL and analyte was scanned at 
310 nm. The linearity range, limit of detection and limit of quantification were 0.1–10 µg/mL, 0.03 µg/mL and 0.11 µg/mL 
respectively. Moreover, the accuracy, precision and recovery remained within the acceptable limits. The assay was effective-
ly applied for determining the concentration of ceftiofur in plasma samples collected from ceftiofur-treated buffalo calves.
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1. Introduction
Ceftiofur represents a broad-spectrum, bactericidal, 

third generation cephalosporin antibiotic specifically de-
veloped for use in veterinary medicine.1 It is available as 
ceftiofur hydrochloride, ceftiofur sodium and ceftiofur 
crystalline-free acid suspension. The chemical formula of 
ceftiofur hydrochloride is C19H17N5O7S3 . HCl with a mo-
lecular weight of 560.2 grams. The chemical structure of 
ceftiofur hydrochloride has been illustrated in Figure 1.2 

Many gram-positive, gram negative and anaerobic bacteri-
al pathogens of domestic animals are susceptible to ceftio-
fur.3 The ready-to-use, parenteral formulation of ceftiofur 
hydrochloride is predominantly used against the bacterial 
respiratory disease affecting cattle and pigs.4 Additionally, 
it is also approved for the treatment of acute foot rot and 
postpartum metritis in cattle.5 Desfuroylceftiofur consti-

tutes the primary metabolite of ceftiofur with proven anti-
microbial activity.6 The most primitive analytical assay for 
estimation of ceftiofur in biological fluids involved the 
derivatization of parent drug and resultant metabolites fol-
lowed by a time-consuming, solid-phase extraction pro-
cess.7,8 Furthermore, the suggested alternative method was 
only applicable for quantification of parent drug without 
determining the concentration of microbiologically active 
metabolic compounds.9 Subsequent modification of the 
conventional analytical method led to simplified assays in-
volving the direct HPLC injection of derivatized sample 
without solid-phase extraction clean-up.10,11 Nevertheless, 
there is scarcity of literature regarding the isocratic, HPLC-
based analysis of ceftiofur in water buffalo plasma. Conse-
quently, an isocratic, HPLC assay was optimized and vali-
dated for the quantitative assessment of ceftiofur 
hydrochloride in bubaline plasma.
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2. Experimental
2. 1. Reference Standard and Chemicals

The analytical reference standard and injectable for-
mulation of ceftiofur hydrochloride were generously pro-
vided by M/S International Pharma Labs, Lahore, Pakistan 
and M/S Nawan Laboratories (PVT) LTD., Karachi, Paki-
stan respectively. Dithioerythritol and iodoacetamide 
were supplied by Sigma-Aldrich (St. Louis, MO, USA). 
Acetonitrile, disodium tetraborate, sodium dihydrogen 
phosphate and sodium phosphate dibasic heptahydrate 
were procured from Merck Millipore, Germany.

2. 2. �Preparation of Standard Solutions, 
Buffers and Reagents
The stock solution of ceftiofur hydrochloride (1 mg/

mL) was prepared in distilled water and diluted further to 
obtain the quality control (QC) samples and calibration 
standards. The QC samples of low, medium and high con-
centrations were prepared in distilled water at concentra-
tions of 0.75, 2.5 and 12.5 µg/mL respectively. Whereas, 
the calibration standards of ceftiofur hydrochloride were 
prepared at concentrations of 0.1, 0.15, 0.2, 0.25, 0.5, 1, 5 
and 10 µg/mL in buffalo plasma. Borate buffer (0.05 M, pH 
7) was prepared by dissolving 1.9 grams of disodium tetra-
borate in 100 mL of distilled water. Moreover, 0.14 grams 
of sodium dihydrogen phosphate and 0.38 grams of sodi-
um phosphate dibasic heptahydrate were dissolved in 100 
mL of distilled water for the preparation of phosphate buf-
fer (0.025 M, pH 7). The working solutions of iodoacet-
amide (0.54 M) and dithioerythritol (0.66 M) were ob-
tained by separately dissolving 1 gram each of 
iodoacetamide and dithioerythritol in 10 mL of phosphate 
buffer and borate buffer respectively.

2. 3. �Synthesis and Derivatization of 
Desfuroylceftiofur
All plasma samples, calibration standards and QC 

samples were processed for the synthesis of desfuroylceft-

iofur and subsequent derivatization into desfuroylceftio-
fur acetamide. In brief, each sample was transferred into a 
2 mL microcentrifuge tube and 200 μL of methanol was 
added. The samples were vortexed for 30 seconds and cen-
trifuged at 13000 rpm for 10 min. The supernatants were 
collected in separate 2 mL microcentrifuge tubes, mixed 
with 100 μL of dithioerythritol solution (0.66 M) and kept 
in water bath at 50 °C for 15 min. Subsequently the tubes 
were allowed to attain room temperature and covered with 
aluminum foil after adding 100 μL of iodoacetamide solu-
tion (0.54 M). The contents of each tube were centrifuged 
at 350 rpm for 45 min and mixed with 25 μL of formic 
acid. Stirring was carried out at 22 °C and the tubes were 
placed in vortex mixer for 30 seconds. Final centrifugation 
was performed at 13000 rpm for 10 min and 45 μL of each 
supernatant was injected into the HPLC system.

2. 4. �HPLC System and Chromatographic 
Conditions
The HPLC system comprised of an auto-sampler 

(SIL-10AC), system control module (CBM-20A), pump 
(Schimadzu LC-20AT), column oven (CTO-20AC), de-
gasser (DGU-20A), ultraviolet-visible (UV-VIS) detector 
(SPD-M20A) and low pressure-gradient flow control valve 
(FCV-10AL). The chromatograms of QC and calibration 
samples obtained through C18 and PLRP-S columns were 
compared for the selection of appropriate analytical col-
umn. Several types of mobile phase having varying combi-
nations of 0.1% trifluoroacetic acid and sodium dihydro-
gen phosphate (0.025 M, pH 7) with acetonitrile were 
tested after filtration through 0.45 μm nylon filter (Sartori-
us, Gottingen, Germany) and sonication for 30 min. As-
sessment of various flow rates (0.5–1.5 mL/min) and wave 
lengths (254, 265, 266 and 310 nm) was also performed. 
Isocratic elution was carried out with an injection volume 
of 45 µL and the column oven was set at 37 °C. Liquid 
Chromatography (LC) Solutions’ software (SSI, Kyoto, Ja-
pan) was employed for instrument control and analysis of 
data.

2. 5. Validation of HPLC Method
The proposed assay was validated for linearity, sensi-

tivity, precision, accuracy, recovery and freeze-thaw stabil-
ity, in compliance with the recommendations of Interna-
tional Conference on Harmonization (ICH).12

2. 6. Linearity
The representative concentrations of ceftiofur (0.1 

to 10 µg/mL) were plotted against corresponding peak 
areas and resultant calibration curve was used to evalu-
ate the linearity of HPLC method.13 The correlation 
co-efficient, slope and intercept of standard curve were 
calculated.

Figure 1. Chemical structure of ceftiofur hydrochloride (modified 
from Palur et al.2)
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2. 7. Sensitivity

The sensitivity of HPLC method was established as 
the limit of detection (LOD) and limit of quantification 
(LOQ). The standard deviation of y-intercept of regression 
line and slope of calibration curve were used to calculate 
the LOD and LOQ by means of equations 1 and 2 respec-
tively.14

LOD = 3.3 (σ/S) 				     (1)

LOQ = 10 (σ/S) 				     (2)

where “σ” represents the standard deviation of y-intercept 
of regression line and “S” denotes the slope of regression 
line.

2. 8. Accuracy and Precision
The intra-day and interday precision, and accuracy 

were estimated in terms of percent relative standard devi-
ation (RSD %) and percent bias (bias %) respectively.15

2. 9. �Absolute Recovery (Extraction 
Efficiency)
Peak areas of extracted ceftiofur-containing plasma 

samples and un-extracted samples of equal concentrations 
prepared in mobile phase were compared for the calcula-
tion of absolute recovery.16

2. 10. Freeze-Thaw Stability
Six replicates of each low and high QC samples were 

analyzed over two freeze-thaw cycles within three days for 
freeze-thaw stability assessment. The samples frozen at 
–20 °C for 24 h were subjected to unassisted thawing at 
room temperature. Three replicates of each QC sample 
were evaluated, while the remaining samples underwent 
refreezing at –20 °C for 24 h. Freeze-thaw stability was es-
timated by comparing the relative concentrations of fresh-
ly prepared samples and QC samples following the 1st and 
2nd freeze-thaw cycles.17

2. 11. �Application of Assay for Quantification 
of Ceftiofur Hydrochloride in Buffalo 
Plasma

The analytical method was applied for estimation of 
ceftiofur in plasma samples, collected at 10 min after the 
intramuscular and subcutaneous administration of ceftio-
fur hydrochloride (Cefur® RTU injection; Nawan Labora-
tories (PVT) LTD., Karachi, Pakistan) in buffalo calves 
following a dose rate of 2.2 mg/Kg body weight.18 The pro-
cedures for care and handling of experimental animals 
were approved by the Institutional Ethical Committee, 

University of Veterinary and Animal Sciences, Lahore, Pa-
kistan (Letter No. DR/214, dated 30-03-2017).

3. Results and Discussion
3. 1. �Derivatization and Extraction  

of Desfuroylceftiofur

Desfuroylceftiofur was cleaved and stabilized to 
yield desfuroylceftiofur acetamide by mixing 0.2 mL of 
each sample with 0.1 mL each of dithioerythritol and io-
doacetamide respectively. Hence, the cleavage and derivat-
ization were carried out following the previously docu-
mented procedure10,11 with slight modification. Moreover, 
the final clean-up was successfully accomplished without 
solid-phase extraction, as described by earlier studies.10,11 
Whereas, typical analytical assays suggested either single, 
double or triple steps of solid-phase extraction for final 
clean-up.7,8,19

3. 2. Chromatographic Conditions
The μ-Bondapack C18 column (250mm × 4.6 mm; 

internal diameter, 5 μm; Supelco, Bellefonte, PA, USA) 
was chosen for analytical assay on the basis of retention 
time and peak symmetry. Beckoni-Barkar et al.19 and Ja-
cobson et al.10 also employed C18 column, whereas, De 
Baere et al.8 and Altan et al.11 used PLRP-S column. In 
current study, the combination of sodium dihydrogen 
phosphate (0.025 M, pH 7) and acetonitrile (34:66, v/v) 
provided most suitable results, while, earlier studies pri-
marily used the mobile phase consisting of 0.1% trifluo-
roacetic acid and acetonitrile or water.8,10,19 Under the 
prescribed HPLC conditions of isocratic elution, the re-
tention time was 6.8 min with a total run time of 10 min. 
In contrast, virtually all the previous methods were based 
on gradient elution, characterized by relatively longer re-
tention times.7,10,11,19 The selected flow rate of 1 mL/min 
provided optimum resolution thus reinforcing the find-
ings of earlier studies.7,10,19 Whereas, De Baere et al.8 and 
Altan et al.11 reported comparatively lower flow rates of 
0.4 mL/min and 0.3 mL/min respectively. The UV-VIS 
detector and column oven were set at 310 nm and 37 °C 
respectively. Conversely, relatively shorter wave lengths 
i.e., 254 nm7, 265 nm10 and 266 nm8,11,19 were previously 
used for peak detection.

3. 3. Validation of HPLC Assay
The calibration curve of ceftiofur was linear over the 

range of 0.1 to 10 µg/mL with r2 = 0.999 (Table 1). The 
LOD and LOQ of current analytical method were 0.03 µg/
mL and 0.11 µg/mL respectively. Former studies have re-
ported either comparable11,19 or relatively lower8,10 sensi-
tivities.
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Table 2 indicates the estimated accuracy and preci-
sion of HPLC assay. The within-day and between-day ac-
curacy ranged from –0.08 to –4.00% and –0.24 to –1.33% 
respectively. The precision levels of proposed assay were 
0.08 to 4.05% and 0.16 to 1.35% on intra-day and interday 
basis respectively. In all conditions, the accuracy and pre-
cision remained within the acceptable ranges of ±15% and 

Table 1. Linearity data of analytical assay 

	 Regression parameter	 Value

	 r2	 0.999
	 Slope	 55886
	 Intercept	 6245.2
	 Concentration range	 0.1–10 µg/mL

Table 2. Within-day and between-day accuracy and precision of analytical assay	

Spiked	
concentration	 Parameter		  Within-day (n = 6)		  Between-day
(µg/mL)		  Day 1	 Day 2	 Day 3	 (n = 18)

	 Mean nominal concentration
	 (µg/mL)				  
0.75		  0.74	 0.72	 0.73	 0.74
2.5	 	 2.46	 2.48	 2.49	 2.48
12.5	 	 12.48	 12.46	 12.49	 12.47
	 Standard deviation	 			 
0.75	 	 0.03	 0.02	 0.02	 0.01
2.5	 	 0.02	 0.02	 0.01	 0.01
12.5	 	 0.01	 0.03	 0.01	 0.02
	 Accuracy (% Bias)	 			 
0.75		  –1.33	 –4.00	 –2.66	 –1.33
2.5	 	 –1.60	 –0.80	 –0.40	 –0.80
12.5	 	 –0.16	 –0.32	 –0.08	 –0.24
	 Precision (**RSD %)	 			 
0.75	 	 4.05	 2.77	 2.73	 1.35
2.5	 	 0.81	 0.80	 0.40	 0.40
12.5	 	 0.08	 0.24	 0.08	 0.16

Table 3. Absolute recovery of HPLC method

Spiked 	 Mean peak area	 Mean peak area		
Standardconcentration	 of plasma samples	 of QC samples	 % Recovery	
deviation

	 RSD %
(µg/mL)	 after extraction	 without extraction			 

0.75	 49018	 53397 	 92.1 	 0.25	 0.28
2.5	 147221	 157237	 93.2 	 0.29	 0.31
12.5	 696076	 731958	 94.9	 0.31	 0.33

Table 4. Freeze-thaw stability of quality control samples

Storage condition	 Quality control level		                                          Parameters
		  Spiked concentration 	 Mean nominal	 Standard
		  (µg/mL)	 concentration (µg/mL)	 deviation	

% Stability

Fresh samples					   
	 Low concentration	     0.75	     0.75	 0.003	 100
	 High concentration	 12.5	 12.5	 0.126	 100
Freeze thaw cycle 1		  			 
	 Low concentration	     0.75	   0.73	 0.012	     97.3
	 High concentration	 12.5	 12.25	 0.130	     98.0
Freeze thaw cycle 2		  			 
	 Low concentration	     0.75	   0.71	 0.016	     94.6
	 High concentration	 12.5	 11.92	 0.096	     95.3
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< 15% respectively.20 These values are in agreement with 
the findings of Jacobson et al.10

The values of extraction recovery were calculated as 
92.1%, 93.2% and 94.9% for low, medium and high QC 
samples respectively (Table 3). Hence the recovery of ana-
lyte was rather equivalent to that documented by Jacobson 
et al.10 but higher than the findings of Jaglan et al.7 and De 
Baere et al.8

Furthermore, the proposed assay exhibited efficient 
quantification of ceftiofur in QC samples exposed to 
freeze-thaw cycles. The stability of low QC samples follow-
ing the 1st and 2nd post-thaw cycles were estimated as 
97.3% and 94.6% respectively. Likewise, the high QC sam-
ples remained 98% and 95.3% stable after the 1st and 2nd 
post-thaw cycles respectively (Table 4).

3. 3. Analysis of Buffalo Plasma Samples
Representative chromatograms of blank plasma 

sample, plasma spiked with 10 µg/mL of ceftiofur, and 
samples collected at 10 min after the intramuscular and 
subcutaneous injections of ceftiofur hydrochloride in buf-
falo calves at 2.2 mg/kg body weight have been presented 
in Figure 2.

4. Conclusion
Ceftiofur, its metabolic derivatives and pro-

tein-bound residues were converted into desfuroylceftio-

fur, derivatized and directly estimated as desfuroylceftio-
fur acetamide using an isocratic HPLC assay. Under the 
recommended chromatographic conditions, the linearity, 
accuracy, precision, sensitivity and recovery of proposed 
method remained within the acceptable limits. The sug-
gested assay can be effectively used in pharmacokinetic 
studies for quantitative determination of ceftiofur hydro-
chloride in buffalo plasma.
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Povzetek
Optimizirali in validirali smo izokratsko metodo na osnovi tekočinske kromatografije visoke ločljivosti (HPLC) za kvan-
titativno določanje ceftiofur hidroklorida v plazmi bivolov. Ceftiofur, njegove metabolne produkte in na beljakovine 
vezane ostanke smo derivatizirali v desfuroilceftiofur acetamid in injicirali v HPLC-sistem. Ločba je potekala v koloni 
C18 z uporabo mobilne faze sestavljene iz natrijevega dihidrogenfosfata (0,025 M, pH 7) in acetonitrila (34:66, v/v). Pre-
tok je bil 1 mL/min, volumen injiciranja pa 45 µL. Detekcijo smo izvedli pri 310 nm. Območje linearnosti je bilo 0,1–10 
µg/mL, meja zaznave 0,03 µg/mL, meja določitve pa 0,11 µg/mL. Točnost, natančnost, izkoristek so ustrezali kriterijem.
Metodo smo uporabili za določanje koncentracije ceftiofurja v vzorcih plazme bivoljih telet zdravljenih s ceftiofurjem.
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