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Cefquinome sulfate is a veterinary, parenteral,
fourth-generation cephalosporin. A significant
enhancement of activity and an extension of the
antibacterial spectrum were achieved by the intro-
duction of a methoxyiminoñaminothiazolyl moiety
into the acyl side chain of cephalosporins, which
made them resistant to inactivation by β-lactamases
(1ñ3).

Fourth-generation cephalosporins have a broad
spectrum of antibacterial activity against Gram-pos-
itive and Gram-negative bacteria, including
Pseudomonas aeruginosa and Enterobacteriaceae
(4ñ6). Those compounds are also easily transported
across the blood-brain barrier (7ñ14). Fourth-gener-
ation cephalosporins are used to treat infections of
the urinary tract, lungs, skin and soft tissues as well
as in post-operative prophylaxis (7, 15).

Cefquinome sulfate is an aminothiazolyl
cephalosporin with a broad spectrum of activity
against the majority of strains found in animal infec-
tions (16) such as Actinobacillus spp., Haemophilus
spp., Clostridium spp., Corynebacterium, Erysipelo-
thrix rhusiopathiae, Proteus spp., Salmonella spp.,
Streptococcus spp., Pasteurella spp., Staphylococcus
spp., Pseudomonas aeruginosa, Escherichia coli and
Enterobacteriaceae. Cefquinome sulfate is often

applied in the treatment of meningitis-mastitis-
agalactiae (MMA) (17, 18).

Pharmaceutical dosage forms should be stable
during preparation, administration and action. fl-
Lactam antibiotics (penam analogues, cephalospo-
rins and carbapenems) are susceptible to degrada-
tion both in aqueous solutions (19ñ27) and in the
solid state (28ñ38). Determination of cephem
analogs is the result of different physical and chem-
ical factors activity.

The guidelines of the International Conference
on Harmonization (ICH) require the development of
stability-indicating assay methods (SIAMs) appro-
priate for the determination of drugs after stability
analysis (Q1A-R2) (39).

During stress tests, the effect of temperature
and air humidity should be determined in solid state.
For solutions, the effect of temperature, light, oxi-
dizing agent, buffer pH and infusion liquid need to
be analyzed. The impact of biochemical processes
on the formation of metabolites has to be considered
as well. Finally, the chemical structure and toxicity
of principal degradation products, impurities and
metabolite(s) should be established. 

The aim of this work was to develop and vali-
date an HPLC method with UV detection suitable
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for the identification, determination, and stability
study of cefquinome sulfate.

EXPERIMENTAL

Chemicals

Cefquinome sulfate was obtained from
Bepharm Pharmaceuticals, China. All other chemi-
cals and solvents (acetonitrile, disodium hydrogen
phosphate, orthophosphoric acid) were obtained
from Merck KGaA (Germany) and were of analyti-
cal grade. High-quality pure water was prepared
using an Exil SA 67120 purification system
(Millipore, Molsheim, France). Acetanilide 98.5%
grade (Sigma-Aldrich, USA) was used as an internal
standard.

Equipment

The LC system used for method development,
forced degradation studies and method validation
was from Shimadzu (Japan) and was composed of
LC-6A pump, C-R6A CHROMATOPAC interface
and UV-Vis Shimadzu SPD-6AV detector. The
Rheodyne injection valve had 50 µL volume.
Photostability studies were carried out using a
Suntest CPS+ device (AtlasÆ) with a Solar ID65 fil-
ter, USA. Thermal stability studies were performed
in a Wamed KBC ñ 125W heat chamber, Poland.

Chromatography

The chromatographic column used was
LiChroCART 125 mm ◊ 4 mm (5 µm), No. 019297
(Merck, Darmstadt, Germany). The mobile phase
consisted of 10 volumes of acetonitrile and 90 vol-
umes of an 0.02 M phosphate buffer (pH = 7.0) and
was also used as a diluent. The flow rate of the
mobile phase was 1.0 mL/min. The eluents were
monitored by a UV-VIS detector at 268 nm. The
injection volume was 50 µL. 

Preparation of standard solutions

Fifty milligrams of cefquinome was accurately
weighed into 25 mL volumetric flask, dissolved and
diluted to 25.0 mL with the mobile phase (standard
solution).

Twenty milligrams of acetanilide was accu-
rately weighed into a 100 mL volumetric flask, dis-
solved and diluted to 100.0 mL volume with ace-
tonitrile (internal standard solution).

Specificity/application of stress (forced degrada-

tion study)

The degradation of cefquinome sulfate in aque-
ous solutions was studied at 313 K in hydrochloric

acid (0.1 M) and in sodium hydroxide (0.1 M). The
ionic strength of all solutions was adjusted to 0.5 M
with a solution of sodium chloride (4.0 M).
Degradation was initiated by dissolving an accurate-
ly weighed 5.0 mg of cefquinome sulfate in 25.0 mL
of the solution equilibrated to 313 K in a stoppered
flask. At specified time intervals, samples of the
solutions were withdrawn and instantly cooled with
a mixture of water and ice. 

In order to perform oxidative degradation, 5.0
mg of cefquinome sulfate was accurately weighed
and dissolved in 5.0 mL of the mobile phase, to
which 20.0 mL of a 3% H2O2 solution was added
and kept at room temperature for 20 min. Samples of
reaction solutions were withdrawn and instantly
cooled with an ice/water mixture.

Thermal degradation was involved weighing
5.0 mg of cefquinome sulfate into a 5 mL vial and
placing it in a heat chamber at 373 K (RH = 0%).
After 1 week the vial was removed, cooled to room
temperature and the content was dissolved in the
mobile phase. The so obtained solution was trans-
ferred into measuring flasks and diluted with the
mobile phase to 25.0 mL.

UV degradation was conducted by weighing
5.0 mg of cefquinome sulfate and exposing it to sun-
light for 48 h (1.2 × 10-6 lux/h. The samples were dis-
solved and diluted with the mobile phase to 25.0 mL.

Method validation

The HPLC method was validated with respect
to specificity, linearity, precision, accuracy and
robustness, according to the ICH guidelines (38).

Precision
The precision of the method was determined

by injecting six samples 20 mg/mL in triplicate on
the same day. The %RDS area of cefquinome was
calculated. 

Sensitivity
LOD (limit of detection) = 3.3σ/S and LOQ

(limit of quantitation) = 10σ/S, ( σ = the standard
deviation of the response, S = the slope of the cali-
bration curve) were determined from the regression
equation for cefquinome sulfate.

Linearity and range
Method linearity was evaluated in the concen-

tration range 0.034 ñ 0.1 mg/mL (50 ñ 150% of the
nominal concentration of cefquinome sulfate during
the degradation studies). Samples of each solution
were injected three times and each series comprised
6 experimental points.
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Accuracy
The accuracy of the method was determined by

recovering cefquinome sulfate from the placebo. At
three levels (80, 100 and 120%) of the nominal con-
centration of cefquinome sulfate during the degrada-
tion studies, three samples were prepared for each
recovery level. The solutions were analyzed and the
percentage of recovery was calculated.

Robustness
To determine the robustness of the method, the

experimental conditions were changed and the purity
and shape of the peak was evaluated. The following
parameters were altered: the composition of the mobile
phase (content of acetonitrile 5% and 20%), the mobile
phase flow rate (flow rate 0.8 and 1.4 mL/min), wave-
length of absorption (258 nm), temperature (20 and
30OC), the pH of the phosphate buffer (6 and 8). The
influence of each parameter on the retention time, res-
olution, area and peak shape was evaluated (Table 1).

Solution stability and mobile phase stability

The solution stability of cefquinome sulfate in
the assay was examined by leaving the test solutions
in tightly capped volumetric flasks at room temper-
ature and at 4OC for 24 h. The samples were assayed
against a freshly prepared standard solution. The
stability of the mobile phase was evaluated by deter-
mining the samples against a freshly prepared refer-
ence standard solutions at 0 and 24 h. 

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

A satisfying resolution of cefquinome sulfate
and its degradation products formed under various

Table 1. Results of robustness studies.

Parameter 
Retention time Purity

[min] 
Area of peak Shape of peak

[%]

Optimal 8.54 946484 High, sym. 100.00

ACN = 5% 8.16 943662 High, asym. 100.00

ACN = 20% 1.68 934631 Asym. 95.68

pH = 6 1.69 940015 High, sym. 100.00

pH = 8 8.86 941895 High, asym. 100.00

f = 0.8 mL/min 10.5 1141293 High, asym. 100.00

f = 1.4 mL/min 5.84 929714 High asym. 100.00

λ = 258 nm 8.08 937399 High, asym. 100.00

T = 20OC 8.67 934385 High, sym. 99.99

T = 30OC 7.62 1028480 High, asym. 99.94

Figure 1. The HPLC chromatogram of a blank sample of cef-
quinome sulfate (C ñ cefquinome sulfate, IS ñ internal standard)
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stress conditions was achieved when the stressed
samples were analyzed by using an RP C-18 column
and a mobile phase composed of 10 volumes of ace-
tonitrile and 90 volumes of phosphate buffer (pH 7).
Detection was carried out at 268 nm. The mobile
phase flow rate was 1.0 mL/min. The retention time
of cefquinome sulfate was 8.54 min, and the internal
standard (acetanilide) 10.65 min (Fig. 1). The purity
of the sample peak was 100%. 

Method validation

The method was validated for parameters such
as specificity, linearity, precision, accuracy and
robustness.

Photodiode array detection was used to demon-
strate the specificity of the method and to evaluate
the homogeneity of the cefquinome sulfate peak.
The peak purity values were more than 98.5% at 268
nm, what proves that the degradantion products did
not interfere with the main peak.

The linearity of the method was determined in
a range 50ñ150% of the assay concentration. The
calibration plots were linear in the concentration
range 0.03 ñ 0.1 mg/mL (n = 13, r = 0.9963) The
calibration curves were described by the equation y
= ac + b, y = (4.816 ± 0.252)c, b = 0.014 ± 0.018.
The b values were not statistically significant.

The intra-day and inter-day precision values
were calculated for concentration 6.67 ◊ 10-2 mg/mL
of cefquinome sulfate (Table 2). The RDS value was
0.95% and proved that the method was precise.

The recovery test was performed at three lev-
els (80, 100 and 120%) of the nominal concentra-
tion of cefquinome sulfate .The recovery values
ranged from 99.10 to 101.31% for each concentra-
tion, which proved that the method was accurate
(Table 3).

Under the chromatographic conditions applied,
the LD of cefquinome was 6.14 10-3 mg/mL and the
QL was 18.61 ◊ 10-3 mg/mL. The robustness of the
procedure was evaluated by changing the composi-
tion of the mobile phase, its flow rate (0.8ñ1.2
mL/min), temperature (20ñ30oC (±1OC)) and pH
(6.0ñ8.0). The effect of those changes on retention
time, peak resolution, shape and area was evaluated.
It was found that those alternations did not effect
those parameters. Modifications of the mobile phase
composition (organic to inorganic component ratio)
resulted in significant changes in peak retention
time.

Results of forced degradation experiments

Cefquinome sulfate, similarly to other
cephalosporins, is vulnerable to degradation under

Figure 2. Chromatograms for cefquinome sulfate (C) after basic hydrolysis (a), sunlight (b) and xidizing stress (c), IS ñ internal standard.

Table 2. Precision studies (n = 6).

Acefq/Ais

0.322   

0.315   
SD = 0.003

0.315  
RDS = 0.95% 

0.318   

0.321   

0.320

A = peak area, cefq = cefquinome sulfate, is = internal standard
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the influence of physical and chemical factors. It
was observed that 8ñ93% of cefquinome sulfate was
degredated during acidic hydrolysis, basic hydroly-
sis, oxidation, UV irradiation and exposure to an
increased temperature (Table 4).

CONCLUSIONS

This HPLC method for assay cefquionome sul-
fate was successfully developed and validated for its
intended purpose. The method was shown to be spe-
cific, linear, precise, accurate and robust. Cefqui-
nome sulfate was found to be very susceptible to
basic hydrolysis, oxidizing and photolysis (Fig. 2).
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