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Abstract 

Nonsteroidal anti-inflammatory drugs are widely used in veterinary practice and are, therefore, of growing interest 
for the residue control of animal-derived food. Last years, an increased use of anti-inflammatory agents is 
observed, administered with or without antibiotics, for treatment of mastitis, because of the increase in the 
efficiency of these agents over antibiotics alone.A high performance liquid chromatography method with DAD 
detector has been developed for the simultaneous analysis of ketoprofen (KPF) and phenylbutazone (PB) in the 
animal plasma samples. The chromatographic system consisted of a column SYNERGI-MAX RP 80A 250mm x 
4.6mm x 4μm (Phenomenex). We used o-phosphoric acid (0.010M)/ acetonitrile (65%/35%) mixture as mobile 
phase with gradient elution and the detection wavelengths were chosen 230nm and 254nm. Limit detection for 
KPF was 12.5 μg/kg and for PB μg/kg. Limit of quantification of KPF and PB was 50 ppb each. During 2009, in 
Albania, are analyzed 87 sheep and bovine plasma samples. Five of them were found positive. This study 
indicates that this method is suitable for routine analysis of the phenylbutazone and ketoprofen in the various 
animal plasma samples and other biological materials.  
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1. Introduction 

NSAIDs are widely used in veterinary medicine in 
the treatment of food producing animals. Their use can 
cause several toxic side effects, such as gastrointestinal 
bleeding, aplastic anaemia, inhibition of platelet 
aggregation, changes in renal function and intestinal 
ulceration (Goodman et al., 1992). Because of toxicity 
and the lack of established maximum residue limit 
(MRL), are not approved for use in food producing 
animals.  

Two most commonly used NSAIDs are 
Ketoprofen and Phenylbutazone. In spite of lack of 
approval there is some evidence of extra–label use of 
phenylbutazone in food producing animals, for the 
treatment of various inflammatory conditions (for 
example mastitis in lactating dairy cows). This can 
result in residues of phenylbutazone in food, and 
because of its good oral availability and high toxicity, 
can pose health risk to the consumers (Dascanio  et al., 
1995). For this reason, the use of NSAIDs in animal 

production is strictly regulated in the EU, with residues 
monitored in plasma, serum and milk, to prevent 
potentially harmful drug residues entering the food 
chain. 

There are several methods described for the 
determination of phenylbutazone in plasma. Some of 
them use liquid-liquid and solid-phase extraction 
(SPE) for sample preparation and liquid 
chromatography with UV (De Veau,1999) or diode 
array (Gowik et al., 1998) for detection. Other methods 
use GC-MS or LC/MS/MS techniques (Gallo et al., 
2006, 2008 ). Some of the authors addressed the 
problems of the decomposition of PB and OPB during 
sample preparation (Gupta,1990, Hyde and Ambrisco 
1992 ). 

Liquid chromatography conditions and gradient 
elution described in this procedure to obtain good 
separation of target analytes and attenuation of matrix 
interferences. Validation parameters and calculated 
performance criteria: (decision limit, CCα and 
detection capability, CCβ) indicate that the method is 
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suitable for analysis of plasma samples for 
phenylbutazone and ketoprofen. 

2. Materials and Methods 

Reagents. All reagents used for sample 
preparation were of analytical grade and all reagents 
used for chromatography were HPLC grade: 
acetonitrile, methanol, n-hexane, diethyl ether. Bond 
Elut C18 SPE columns (6 ml, 500 mg) were purchased 
from “Varian”. Ketoprofen phenylbutazone, o-
phosphoric acid and ascorbic acid were purchased 
from Sigma. Water used for analysis was obtained 
from Millipore Q Plus Station. 

Standard solutions. All standard solutions were 
prepared in methanol. Stock solutions of KPF and PBZ 
(1 mg/ml) were stored in –20 0 C until used (stable for 
at least 6 months). Working standard solutions (10 
μg/ml) and mixed standard solution (1 μg/ml of each 
KPF and PBZ) were prepared on the same day of 
analysis. 

HPLC conditions. Instrumental analysis was 
performed on HPLC (HP 2100) equipped with 
quaternary pump, degasser, SYNERGI-MAX RP 80 A 
250 mm x 4.6 mm x 4 μm (Phenomenex) and DAD 
detector (230 and 254 nm), controlled by Chemstation 
software. Mobile phase was pumped in gradient (A - 
O-phosphoric acid 0.010 M, B - acetonitrile; 0-2 min: 
65 % A, 25 min: 25 % A , 30 min: 0 % A, 35 min: 0 % 
A, 37 min: 65 % A, 47 min: 65 % A ) with 1.2 ml/min 
flow. Column temperature was set at 30 0 C. 

Samples. Drug free (blank) bovine plasma was 
prepared from heparinized blood collected from cows 
in the slaughter house. Plasma was checked for 
interferences during analysis and stored in 50 ml 
polypropylene screw-capped tubes in the freezer 
(below -180 C). Before using, sub-samples were 
thawed overnight in the refrigerator (4ºC). 

Analytical Procedure. A 5 ml plasma sample was 
transferred to glass centrifuge tube 50 ml. Blank 
samples were fortified at levels 25, 50, 75 μg/kg by 

adding 125, 250 and 375 μL portions of mixed 
standard solution (1 μg/ml of each KPF and PBZ). 
Control (fortified) samples vortex-mixed during 1 min, 
and were held for 15 min prior to extraction. HCl 1 M 
was added up to pH 3 and let to hydrolyze in ambient 
temperature for 10 min. After that, SPE C18 column 
preconditioned with 3 ml n-hexane/ diethyl ether (1/1 
v/v) and 3 ml of methanol, equilibrated with 5 ml 0.01 
M ascorbic acid (pH 3). In hydrolyzed sample was 
added 25 mL 0.01 M ascorbic acid with pH 3 and were 
passed through the column C18 with flow rate 
1ml/min. To elute interferences, SPE C18 column was 
washed with 3 ml 0.01 M ascorbic acid (pH 3) and 3 
ml water. After this step column bed was dried under 
vacuum for 10 min. Phenylbutazone and Ketoprofen 
were eluted with a 3 ml mixture of hexane/ diethyl 
ether (1/1, v/v). The elute was accurately evaporated to 
dryness under stream of nitrogen at 40ºC. Dry residue 
was reconstituted in 500 μl of HPLC grade methanol. 
An aliquot (50 μL) was injected on the LC column. 
(Gallo et al., 2008), 

Calibration. Matrix matched standards (MMS) 
were used and spiked in serum at concentrations of 0, 
12.5, 25, 50 and 75 μg kg-1. The matrix calibration 
curves were in the region of 0-75 μg /kg. 

Method validation. The method was validated in 
cattle plasma samples according to procedures 
described in Commission Decision 2002/657/EC. The 
specificity, linearity, precision (repeatability and 
within-laboratory reproducibility), recovery (trueness), 
decision limit (CCα), and detection capability (CCβ) 
were evaluated. For validation purposes, blank samples 
were collected from farm animals not treated with 
NSAIDs, and they were spiked with working solution 
at concentrations corresponding to 25, 50 and 75 μg 
/kg. 

3. Results and Discussion 

Validation parameters: repeatability, 
reproducibility, decision limit and detection capability 



Determination of ketoprofen and phenylbutazone by high performance liquid chromatography 

Albanian j. agric. sci.    International Conference of Ecosystems (ICE) 

Special edition online    4-6 June, 2011, Tirana  
 

67

were calculated from the results of analysis of 3 series 
(analyses in different occasions) of the control 
samples. Control samples of serum were spiked with 
Phenylbutazone and Ketoprofen on three concentration 
levels (25, 50, 75 ng/ml) and analysed in six replicates. 
The concentration of each drug was determined and 
intra- and inter-assay coefficients of variations (CV) 
were calculated. Decision limits (CCα) and detection 
capabilities (CCβ) were calculated according to 
requirements of Commission Decision 2002/657/EC, 
using results of reproducibility analysis. The detection 
limits were calculated as the concentration with a 
signal to noise ratio equal 3 to 1. The limits of 
quantitation corresponded to the lowest concentration 
that could be determined with a coefficient of variation 
(CV) less than 15%. 

Linearity of the method of the response of 
Phenylbutazone and Ketoprofen from serum was 
determined by analysis of calibration curves which was 
generated running through HPLC analysis calibration 
standard solution in the concentration levels over the 
working range ((0-75 μg/kg), and plotting the recorded 
peak areas versus concentrations. A correlation 
coefficient > 0.99 was obtained (see table 1). This 
mean confidence in the ability of the method to 
quantitative accurately. The matrix calibration curves 
were prepared from the results of analysis of blank 
serum samples fortified at the corresponded levels of 
Phenylbutazone and Ketoprofen carried out through 
the whole procedure. The matrix standard curves were 
statistically compared to an analytical standard curve 
with points at the same concentration using a two 
tailed paired t test.   

Table1. The matrix standard curves were statistically compared to an analytical standard curve. 

 Correlation Slope Intercept t calc t crit 
Matrix In matrix 

curve 
Std curve In matrix 

curve 
Std curve In matrix 

curve 
Std curve   

Phenylbu. 0.998 0.995 0.992 0.78 -0.762 -2.056 4.463 2.364 
Ketoprof. 0.998 0.996 0.869 0.158 -0.638 -1.641 4.356 2.364 

Table 2: The intra-laboratory coefficients of variation CV(%), repeatability 

 Phenylbutazone (µg/kg) Ketoprofen  (µg/kg) 
25  50   75   25   50   75   

CV % 2.3 5.3 2.8 2.6 6.2 2.5 
AOAC target 18.5 16.6 15.7 18.5 16.6 15.7 

Table.3: The intra-laboratory coefficients of variation CV (%), reproducibility 

Analyte 25 µg/kg 50 µg/kg 75 µg/kg 
Phenylbutazone 1.8 1.7 1.2 
Ketoprofen 4.9 5.5 5.5 

 Table.4: Results of decision limit CCα and dedection capability CCβ for Ketoprofen and Phenylbutazone 

Analite Nr.  
replicates 
n 

Conc. in 
serum  
(μg /kg) 

Recovery 
(%) 

CV 
coefficient 
of variation 
(%) 

RT, 
retention 
time (min) 

CCα 
decision 
limit 
(μg /kg) 

CCβ 
detection 
capability 
(μg/ kg) 

Ketoprofen 6 25 115 4.9 10.7 54.23 57.0 
 6 50 102 5.5    
 6 75 110 5.5    
Phenylbutazone 6 25 104 1.8 18.7 53.82 56.6 
 6 50 100 1.7    
 6 75 102 1.2    
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Table.5. The number of samples from Albania’s different zones 

 
Zona Nr. of 

samples to 
analyse 

Phenylbutazone 
μg /kg 

Ketoprofen 
μg /kg 

Korce 7 n.d n.d 
Vlore 11 2 positive samples 1 positive samples 
Shkoder 10 n.d n.d 
Berati 5 n.d n.d 
Durres 3 n.d n.d 
Corovode 1 n.d n.d 
Rrogozhine 1 n.d n.d 
Tirane  6 n.d n.d 
Kavaje 9 n.d n.d 
Gjirokaster 11 n.d n.d 
Lushnje 3 2 positive samples n.d 
Librazhde 1 n.d n.d 
Fier  6 n.d n.d 
Gramshi 4 n.d n.d 
Elbasani 1 n.d n.d 
Kukesi 6 n.d n.d 
Dibra 3 n.d n.d 
Klosi 3 n.d n.d 
Delvina 2 n.d n.d 
Mati 3 n.d n.d 

Table. 6. Positive samples 

Zone Nr. of 
positive 
samples 

Phenylbutazone 
ug/kg 

Ketoprofen 
ug/kg 

Vlore 1 87.4 n.d. 
Vlore 1 n.d 589.4 
Vlore 1 479.6 n.d. 
Lushnje 1 196.9 n.d. 
Lushnje 1 175.3 n.d. 

The t calculated values are > t crit=2.364 (see table 1). 
This demonstrates that there is a matrix effect on 
response of the detector to the Phenylbutazone and 
Ketoprofen. However, the correlation of the matrix 
standard curves for Phenylbutazone and Ketoprofen is 
> 0.97, demonstrating that a matrix standard curve can 
be used to quantify residue with confidence.  

Repeatability determined at three concentration 
levels analyzed in 3 series of samples (n=6), (25, 50, 
75 µg/kg), expressed as coefficient of variation CV %. 
The coefficients of variation CV are listed in tab 2. 

They all comply with the Horwitz-equation which 
states that for each fortification level the intra-

laboratory CV should not exceed AOAC target (see 
table 2). 

Intra-laboratory reproducibility determined at 
three concentration levels analyzed in 3 series of 
sample, expressed as coefficient of variation CV % 
(see table 3). 

Sensitivity is defined as the slope of the matrix 
standard curve 0.992 and 0.869 (see table 1). 

The specificity was assessed studying the absence 
of any interference at the elution times of the analytes. 
For this purpose twenty blank serum samples were 
analyzed. The adopted cleanup gives chromatograms 
free of interferences. 

CCα, CCβ. According of Commission Decision 
2002/657/EC CCα and CCβ replace the limit of 
detection and the limit of quantification, respectively. 
The decision limit or CCα, is in the case of banned 
substances the lowest concentration level at which the 
method can discriminate with a statistical certainty of 
1-α whether the identified analyte is present. CCα was 
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determinate by analyzing 20 samples spiked at a 
concentration for which a signal-to-noise ratio of 3 was 
obtained. The detection capability or CCβ is the lowest 
concentration at which the method is able to detect 
truly contaminated samples with a statistically 
certainty 1-β. Twenty blank samples were spiked at the 
decision limit and analyzed and quantified using a 

calibration graph for the matrix. The value of the 
decision limit plus 1.64 times the standard deviation of 
the measured content equals the detection capability. 
The detection limits of Phenylbutazone and Ketoprofen 
in serum were 12.5 µg/kg and limits of quantitation of 
Phenylbutazone and Ketoprofen 50 µg/kg (see table 4).  

  

 

Figure 1.  A chromatogram of positive serum sample, 

 

 

Figure. 2.  A chromatogram of positive serum sample 
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A simple method for the Phenylbutazone and 
Ketoprofen in serum has been described. Liquid 
chromatography conditions and gradient elution 
described in the procedure permit to obtain good 
separation of target analytes and attenuation of matrix 
interferences. Validation parameters and calculated 
performance criteria: decision limit (CCα) and 
detection capability (CCβ) indicate that the method is 
suitable for confirmatory analysis serum samples for 
Phenylbutazone and Ketoprofen. 

This method is particularly useful for monitoring 
involving a large number of samples and for routine 
checks where repetitive analysis is required.  

The method was used to test 87 sheep and bovine 
plasma samples, during 2009-2010, (see table 5). Five 
of them were found positive (see table 6).  

A chromatogram of positive serum sample, is 
shown in Fig 1. The retention time of phenylbutazone 
is 18.748 min. A chromatogram of positive serum 
sample, is shown in Fig. 2. The retention time of 
ketoprofen is 10.953 min. 

Phenylbutazone was analyzed by two other 
methods:  

Method A where was analyzed phenylbutazone 
and limits were CCα=70.0 and CCβ=78.2 (Riitta et al., 
2000) 

Method B where was analyzed phenylbutazone 
and limits were CCα=69.5, CCβ=69.9. 
(Jedziniak.,2005) 

Both methods were specific for bovine plasma, 
but decision limit (CCα) and detection capability 
(CCβ) of methods were higher than our method.  

4. Conclusions 

 A simple method for the Phenylbutazone and 
Ketoprofen in serum has been described. Liquid 
chromatography conditions and gradient elution 
described in the procedure permit to obtain good 
separation of target analytes and attenuation of matrix 
interferences. Validation parameters and calculated 

performance criteria: decision limit (CCα) and 
detection capability (CCβ) indicate that the method is 
suitable for confirmatory analysis serum samples for 
Phenylbutazone and Ketoprofen. This method is 
particularly useful for monitoring involving a large 
number of samples and for routine checks where 
repetitive analysis is required.  

HPLC with DAD detection showed to be an 
effective technique for confirmatory analysis some of 
NSAIDs, that can be used as an alternative to mass 
spectrometry, in compliance with the Decision 
2002/657/EC (European Commission. Council 
Decision 2002/657/EC, 2002). The methods developed 
were successfully applied to the analysis of field cattle 
and sheep serum samples.  

5. References 

1. Dascanio JHJ, Mechor  GD, Gron YT, Kenny DG, 
Broker CA, Thompson P, Chifelle CL, Musser  
JMM, Warnic LD: Effect of phenylbutazone and 
flunixin meglumine on acute tonic mastitis in 
dairy cows. Am J Vet Research 1995, 56: 1213-
1218. 

2. De Veau EI: Determination of non-protein 
bound phenylbutazone in bovine plasma using 
ultrafiltration and liquid chromatography with 
ultraviolet detection. J Chromatogr B 1999, 721: 
141-145. 

3. Gowik P, Jülicher B, Uchlig S: Multi-residue 
method for non-steroidal anti-inflammatory 
drugs in plasma using high performance liquid 
chromatography –photodiode array detection. 
Method description and comprehensive in-
house validation. J Chromatogr B 1998, 716: 
221-232. 

4. European Commission. Council Decision 
2002/657/EC. 2002. Off. J European Communities. 
L221: 8. 

5. Gallo P, Fabbrocino S, Vinci F, Fiori M, Danese 
V, Nasi A, Serpe L: J. Chrom 2006. 44(10), 585-
590, 1057. 

6. Gallo P, Fabbrocino S, Vinci F, Fiori M, Danese 
V, Serpe L: Rapid Communications in Mass 
Spectrometry accepted for publication 2008. 



Determination of ketoprofen and phenylbutazone by high performance liquid chromatography 

Albanian j. agric. sci.    International Conference of Ecosystems (ICE) 

Special edition online    4-6 June, 2011, Tirana  
 

71

7. Goodman Gilman A, Rall TW, Nies AS, Taylor P: 
The Pharmacological basis of Therapeutics. Mc 
Graw-Hill, Singapore 1992, 1: 638. 

8. Gupta RN: Improved stability of 
phenylbutazone for its determination by liquid 
chromatography. J Chromatogr 1990, 550: 160-
163. 

9. Hyde W, Ambrisco K: Sample degradation 
consideration in phenylbutazone quantitation. 
In: Proceedings, 9th International Symposium of 
Racing Analysts and Veterinarians New Orleans 
1992. 

10. Riitta Rannikko, Anneli: () Determination of 
phenylbutazone and oxyphenbutazone in cattle 
urine by liquid chromatography and the effects 
of storage temperature on stability Department 
of Chemistry. National Veterinary and Food 
Research Institute, Finland 2000, 
EURORESIDUE 4. 

11. Jedziniak P, Szprengier Juszkiewicz T, Gierak A: 
Determination of phenylbutazone and 
oxyphenbutazone in bovine plasma using high 
performance liquid chromatography with uv 
detection. Poland, April 14, 2005. 

 

 


