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Abstract: A method for the simultaneous determination of parecoxib and its metabolite

valdecoxib in beagle plasma by UPLC-MS/MS was developed and validated. After the

plasma was extracted by acetonitrile precipitation, the analytes were separated on an

Acquity UPLC BEH C18 column (2.1 mm × 50 mm, 1.7 μm) using acetonitrile-formic

acid as the mobile phase in gradient mode. The analytes were monitored by multiple reaction

monitoring (MRM) in electrospray negative ion mode. The mass transfer pairs were m/z

368.97→119.01 for parecoxib, m/z 312.89→118.02 for valdecoxib, and m/z 379.98→316.02

for celecoxib (internal standard, IS). The correlation coefficients of parecoxib and valdecoxib

ranged from 5 to 4000 ng/mL were greater than 0.9998. The recovery of parecoxib and

valdecoxib was greater than 82.54%. The inter- and intra-day precision RSD values were

1.36~3.65% and 2.28~5.91%, respectively. The accuracy of RE values were −1.38%~1.96%.

Finally, the matrix effect (ME) and stability were also within acceptable criteria. This method

had been successfully applied to the pharmacokinetics of parecoxib and valdecoxib in beagle

plasma after injection of parecoxib (1.33 mg/kg, intramuscular injection).
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Introduction
Nonsteroidal anti–inflammatory drugs (NSAIDs) were widely used clinically for

the relief of osteoarthritis, various fevers, and various pain symptoms. NSAIDs act

by suppressing cyclooxygenase cyclooxygenase-1 (COX-1) and cyclooxygenase-2

(COX-2) enzymes.1,2 COX-1 was important for maintaining homeostasis, such as

platelet aggregation, and regulating gastric acid secretion.3,4 COX-2 was the leading

cause of pain and inflammation.4 NSAIDs have severe gastrointestinal symptoms,

nephrotoxicity, hepatotoxicity, platelet dysfunction and other adverse reactions.5–7

COX-2 inhibitors has a lower risk of detrimental gastrointestinal (GI) effects, and

the analgesic effect of COX-2 selective NSAIDs was the same as that of nonselec-

tive NSAIDs.3,4 In addition, COX-2 inhibitors did not affect platelet aggregation

and therefore has a lower risk of perioperative bleeding.7

Parecoxib (Figure 1A) was a prodrug of valdecoxib (Figure 1B), a COX-2

selective inhibitor that could be given intravenously and intramuscularly.8 In the

clinical, parecoxib was mainly used for the short-term treatment of postoperative

pain, and it could also be used for the treatment of perioperative analgesia to
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prevent or reduce severe postoperative acute pain.9 For

a long time, opioids has been one of the most important

drugs for the treatment of postoperative moderate and

severe pain.10 But as the understanding deepens, more

and more doctors and patients have realized that opioids

were not safe. Related studies showed that there were

several adverse reactions (respiratory depression,11

addiction,12 nausea and confusion13) and the risk of hyper-

algesia after opioid administration, which were positively

correlated with dose.14 In addition to analgesic effect,

opioids could also activate the injury promoting mechan-

ism in the body, leading to increased sensitivity of the

body to pain, thus inducing opioid induced hyperalgesia

(OIH) and chronic post-surgical pain (CPSP).15,16

Compared with opioids, COX-2 inhibitors could effec-

tively reduced the synthesis of peripheral and central

prostaglandins, inhibited hypersensitivity to pain and

improved the pain threshold.17 The analgesic efficacy of

parecoxib had been confirmed in several studies including

anesthesiology,8 orthopedics,18 gynecology,19 and general

surgery.20 Parecoxib was a second-generation specific

inhibitor of COX-2, that could be rapidly converted to its

metabolite valdecoxib by liver enzyme hydrolysis.

Compared with other selective COX-2 inhibitors, valde-

coxib was more likely to cause severe, potentially lethal

skin reactions, including severe erythema multiforme and

toxic epidermal necrolysis. So, the valdecoxib tablet

Bextra was withdrawn from the market.21 The combina-

tion of fast and long-lasting analgesic properties and good

safety of parecoxib provided a better choice for postopera-

tive analgesia.8

Parecoxib was rapidly and almost completely converted

to valdecoxib and propionic acid in cats with t1/2 about

24 mins.22 The elimination of valdecoxib was extensively

carried out in a variety of ways in the liver, including

cytochrome CYP3A4 and CYP2C9 enzyme metabolism

and sulfonamide glucose hydroformylation (about 20%).23

The rapid onset and long-lasting analgesic effects of pare-

coxib were related to valdecoxib. Therefore, there was

a need for a rapid and sensitive method for evaluating the

pharmacokinetics of parecoxib and valdecoxib. Nowadays,

HPLC with an UV, HPLC with DAD and HPLC-MS/MS

has been widely used to analyze valdecoxib and

parecoxib.21,24 However, these research methods were rela-

tively complex, with low sensitivity and long analysis time.

LC-MS/MS had been widely used for the determination of

drug concentrations in various biological matrices, which

had many advantages such as short time, high sensitivity

and strong specificity. So, LC-MS/MS would be an ideal

method for the determination of parecoxib and valdecoxib.

Although it has been reported to detect valdecoxib and

parecoxib by LC-MS/MS.25,26 In contrast, the experimental

animal in our experiment was the beagle, which was closer

to human drug metabolism. The plasma sample processing

method we used was also simpler and the mobile phase

conditions were easier to achieve. The analysis time of our

methods was only 3 min, and the analysis time reported was

7.5 mins.26 We have more data on plasma drug concentra-

tions and the experimental data were more accurate after

injection of parecoxib (1.33 mg/kg, intramuscular injection).

Therefore, we developed a new rapid and sensitive

UPLC-MS/MS method for simultaneous determination of

parecoxib and valdecoxib, and described the pharmacoki-

netic characteristics of parecoxib and valdecoxib in bea-

gles after injection of parecoxib.

Materials and Methods
Chemicals and Reagents
Parecoxib (purity >98%), valdecoxib (purity >98%) and

celecoxib (purity >98%, IS, Figure 1C) were obtained

from Sigma (USA). Methanol and acetonitrile of LC-

grade were purchased from Tianjin Kermel Chemical

Reagent Co., Ltd. Trifluoroacetic acid was procured from

Sigma-Aldrich. Other chemicals were analytical grade.

Figure 1 The chemical structure of parecoxib, valdecoxib and celecoxib (IS) (A) parecoxib, (B) valdecoxib, (C) celecoxib (IS).
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Instrumentation and Conditions
The analysis was carried out on a Waters UPLC system

(USA). Two analytes and IS were separated on an Acquity

BEH C18 column (2.1 × 50 mm, 1.7 μm) by gradient

elution with the mobile phase of 0.1% formic acid (A)

and acetonitrile (B) at the temperature of 45°C and the

flow rate of 0.4 mL/min. The gradient program was as

follows: 0.00–0.50 min, 10% B; 0.50–1.00 min, 10→90%

B; 1.00–2.00 min, 90% B; 2.00–2.10 min, 90→10% B;

2.10–3.00 min, 10% B. The column temperature was set at

45°C and the auto-sampler was conditioned at 4°C.

Mass spectrometry was measured by XEVO TQ-S

triple quadrupole mass spectrometer with an electrospray

ionization (ESI) interface in negative ionization mode.

Multiple reaction monitoring (MRM) conditions are

shown in Table 1 and Figure 2. The Masslynx V4.1 soft-

ware were used to get the data.

Preparation of Calibration Standards
Ten milligrams of parecoxib, valdecoxib and celecoxib

were accurately weighed, respectively, in a 10 mL volu-

metric flask, dissolved in methanol and volume to the

scale. Through gradient dilution of the original solution,

various working solutions of calibration curve and quality

control (QC) in methanol were obtained. Plasma standard

solutions with parecoxib and valdecoxib concentrations of

5, 10, 50, 100, 500, 1000, 2000 and 4000 ng/mL were

prepared, respectively. QC samples in plasma were

similarly prepared, and the concentrations were set 10,

800, and 3000 ng/mL for parecoxib and valdecoxib,

respectively.

Sample Preparation
Fifty microlitre of beagle plasma was accurately drawn to

1.5 mL of EP tube, 10 μL of diazepam internal standard

working solution (50 ng/mL) was added, then vortex for

15 s. 200 μL of acetonitrile was added to the mixture and

vortexed for 1.0 min. The mixture was centrifuged at

10,000 r/min for 15 min, and 2 μL of the supernatant

was taken into the UPLC-MS/MS system for detection.

Method Validation
The UPLC-MS/MS method was validated in accordance

with the guidelines of the United States Food and Drug

Administration (FDA).27

Specificity

The specificity was assessed by comparing the chromato-

grams of individual blank beagle plasma samples, blank

plasma spiked with parecoxib, valdecoxib and IS, and

a plasma sample after injection of parecoxib (1.33 mg/

kg, intramuscular injection).

Linearity and Carryover Effect

A series of concentrations of parecoxib and valdecoxib QC

samples were prepared in triplicate on three consecutive

days to evaluate linearity of the method. The peak areas of

parecoxib or valdecoxib were As and the peak area of the

IS was Ai, the ratio of As/Ai was the ordinate (y), the ratio

of the concentration of parecoxib or valdecoxib to the

concentration of IS was plotted on the abscissa (x), with

a weighted factor (1/χ2). The lower limit of quantitation

(LLOQ) was defined as the lowest concentration of the

calibration curve of parecoxib and valdecoxib. The carry-

over test was performed by injecting a blank plasma sam-

ple spiked with IS (50 ng/mL) or parecoxib and

valdecoxib (4000 ng/mL) followed by injecting a blank

sample. In this blank sample, each analyte should be less

than 20% of the LLOQ.

Accuracy and Precision

The precision and accuracy were analyzed using QC sam-

ples at 10, 800 and 3000 ng/mL concentration levels for

parecoxib and valdecoxib with six replicates at each con-

centration on three consecutive validation days. The pre-

cision was expressed in terms of relative standard

deviation (RSD%≤15%), which were determined by com-

paring the measured concentration to its true value. The

accuracy was expressed in terms of relative error (RE

%≤±15%), which were determined by comparing the mea-

sured value minus true value concentration to its true

value.

Table 1 MS Parameters of Two Analytes and IS

Analytes ESI Source RT (min) Parent (m/z) Daughter (m/z) Cone (V) Collision (V)

Parecoxib – 1.41 368.97 119.01 10 38

Valdecoxib – 1.36 312.89 118.02 30 25

Celecoxib – 1.48 379.98 316.02 20 20
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Recovery and Matrix Effect

The extraction recovery of parecoxib and valdecoxib was

evaluated by repeating six times at 10, 800 and 3000 ng/

mL, respectively. The extraction recovery of parecoxib and

valdecoxib were compared by comparing the peak area of

the conventional pretreated QC sample with the peak area

after extraction of the corresponding concentration of

blank plasma (after extraction). The ME of parecoxib

and valdecoxib was measured with six different beagle

plasma at 10, 800 and 3000 ng/mL. The ME was evaluated

by comparing the peak area ratio of the analyte in the

sample after extraction and the corresponding water sub-

stitution sample. The ME values between 85% and 115%

were acceptable.

Stability

The QC samples replicated six times under each condition

were analyzed to evaluate their stability at 10, 800 and

3000 ng/mL for parecoxib and valdecoxib, respectively.

The short-term temperature stability of using untreated QC

samples was assessed at room temperature for 12 h. The

auto-sampler tray stability of using untreated QC samples

was assessed for 12 h in processed samples. The freeze-

thaw stability was assessed after three freeze-thaw cycles

using the QC samples (−20°C to 25°C). The long-term

stability was assessed after storage of the untreated QC

samples at −20°C for at least 4 weeks. The RE was less

than ± 10% and the RSD was less than 15%, and the

sample was considered stable.

Figure 2 The ion transitions from parent ion to daughter ion of (A) Parecoxib, (B) valdecoxib, (C) Celecoxib.
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Figure 3 (A) a blank plasma sample, (B) a blank plasma sample spiked with parecoxib, valdecoxib and IS, (C) a beagle plasma sample 1.5 h after injection of parecoxib.
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Stock Solution Stability

The stock solutions stability of the parecoxib, valdecoxib

and IS (10 μg/mL) at room temperature stability and freeze

stability were investigated by six replicates tests. The

room temperature stability was evaluated comparing the

portion of the stock solution stored at room temperature

for 24 h against the remainder of the stock solution stored

in a −20°C freezer. The freezing stability was evaluated by

comparing the newly configured stock solution with the

stock solution stored in a −20°C freezer for 3 months. The

solution was considered to be stable if the test value was

within acceptable accuracy (RE%≤±10%) and precision

(RSD%≤15%).

Pharmacokinetic Study
Six healthy beagles weighing from 5.20 to 7.15 kg were

selected. These beagles were provided by the

Experimental Animal Center of Henan University of

Science and Technology (Henan, China). The experiment

obtained the necessary approval from the Animal Ethics

Committee of Henan University of Science and

Technology. The experiment was approved according to

the Laboratory animals-guidelines for ethical review of

welfare (GB/T 35892–2018). The institutional approval

number for the preclinical study of this experiment was

2,018,080,004. After ten o’clock in the evening before

the experiment, the beagles were free to drink water but

could not eat. Blood samples (0.5 mL) were collected

from the forelimb cephalic vein or the small saphenous

vein of the hind limb and put into heparinized tubes at

0.17, 0.33, 0.67, 1.00, 1.50, 2.00, 3.00, 4.00, 6.00, 9.00,

12.00 and 24.00 h after injection of parecoxib (1.33 mg/

kg, intramuscular injection). After centrifugation of the

blood samples, the supernatant was taken and frozen at

−20°C until analysis.

Data Analysis
The pharmacokinetic parameters of the two analytes were

calculated by the noncompartmental analysis using DAS

software (version 2.0). The concentration data of pare-

coxib and valdecoxib in each beagle dog were analyzed

and the pharmacokinetic parameters were evaluated.

Results and Discussion
Method Development
We had established an UPLC-MS/MS method for the

determination of parecoxib and valdecoxib concentrations

in beagle plasma. The method has high sensitivity and

short analysis time (3 min).

The endogenous substances in the beagle plasma sam-

ples did not interfere with the determination of the content,

and the specificity of the method was higher. The RSD

values of inter- and intra-day precision of parecoxib and

valdecoxib were need to be less than 15%, the precision

results were good, the recovery rate was high, and the

stability of plasma samples were stable.

In this experiment, we finally found that Acquity

UPLC BEH C18 column was more suitable for experi-

mental requirements. With acetonitrile and 0.1% formic

acid as the mobile phase, parecoxib, valdecoxib and IS

were well separated. The 0.1% formic acid could further

improve the chromatographic and mass response curves.

We also evaluated flow rates, gradient elution procedures,

column temperatures, injection volumes, and more. In

addition, we found that parecoxib and valdecoxib showed

high specificity in the negative mode. At the same time,

MS parameters were optimized with infusion and flow

injection analysis. For more details, please refer to

“Instrumentation and Conditions”.

Protein precipitation was a common method of plasma

sample treatment at present, which had the advantage of

Table 2 Regression Equation, Linear Ranges, Correlation

Coefficients and LLOQ of Two Analytes

Analytes Regression

Equation

Linear Ranges

(ng/mL)

R2 LLOQ

(ng/mL)

Parecoxib y = 0.0151

x - 0.1342

5–4000 0.9999 5

Valdecoxib y = 0.1744

x - 0.0206

5–4000 0.9998 5

Table 3 Precision and Accuracy of Parecoxib and Valdecoxib in

Beagle Plasma (n=6, Mean ± SD)

Compounds Spiked

(ng/mL)

Intra-Day Inter-Day

RSD (%) RE (%) RSD (%) RE (%)

Parecoxib 10 3.65 −1.38 5.91 −0.33

800 2.81 −0.57 3.85 0.45

3000 1.67 −0.76 2.28 −0.54

Valdecoxib 10 3.22 −0.51 4.71 −0.49

800 2.39 1.96 3.91 −0.43

3000 1.36 −0.68 2.41 −0.25
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relatively easy and faster removal of proteins and potential

interference with sample preparation, different types of

precipitants had been tested to extract analyte.28–30 After

multiple screenings, we chose acetonitrile the method of

protein precipitation method with acetonitrile. Acetonitrile

could provide higher protein precipitation efficiency and

better reproducibility for analytes.

Several internal standard candidates were selected for

the experiment. Considering into account retention time,

impurity interference and other factors, we employ cele-

coxib as an internal standard for negative ion mode.

Method Validation
Specificity

The specificity of the sample was examined by comparing

the chromatograms of the blank plasma samples of beagle,

plasma samples with parecoxib, valdecoxib and IS, and the

beagle plasma samples after injection of parecoxib (1.33 mg/

kg, intramuscular injection). Under the above experimental

condition, parecoxib, valdecoxib and IS were well separated

from endogenous substances. Representative chromatograms

are shown in Figure 3. No significant interferences were

found in the chromatograms of six randomly selected beagle

plasma samples at the respective retention position of ana-

lyte. The mean retention times of parecoxib, valdecoxib and

celecoxib (IS) were 1.41, 1.36 and 1.48 min, respectively.

Linearity and Carryover Effect

The standard curve and LLOQ of parecoxib and valde-

coxib in this study are shown in Table 2. It could be seen

that the standard curve of parecoxib and valdecoxib had

a good linear relationship. The results of the carryover test

showed that the analyzer did not detect residual analyte or

IS injected into the sample at the next injection. In the

UPLC-MS/MS analysis, carryover did not affect the deter-

mination of parecoxib and valdecoxib.

Precision and Accuracy

The intra- and inter-day precision and accuracy of pare-

coxib and valdecoxib were investigated and shown in

Table 3. The precision (% RSD) and accuracy (% RE)

for parecoxib and valdecoxib under investigation did not

exceed 10%. The results indicated that the method was

reliable, accurate and reproducible.

Recovery and ME

The recovery and ME values were investigated and shown

in Table 4. The recovery values were all between 83.06%

and 89.69% and the ME was all between 97.13% and

102.29%. These results indicated that this method was

reliable.

Stability

The stability of parecoxib and valdecoxib in beagle plasma

were evaluated under different conditions. The stability

test results are shown in Table 5. It could be seen from

the experimental results that parecoxib and valdecoxib

were stable under the experimental conditions.

Table 4 The Recoveries and ME of Parecoxib, Valdecoxib and IS

in Beagle Plasma (n=6, Mean ± SD)

Compounds Spiked (ng/mL) Recoveries (%) ME (%)

Parecoxib 10 83.46 ± 2.70 99.64 ± 2.95

800 83.06 ± 3.98 100.17 ± 4.76

3000 87.58 ± 0.62 99.75 ± 4.15

Valdecoxib 10 88.87 ± 2.23 102.29 ± 2.33

800 89.69 ± 0.94 99.98 ± 1.99

3000 82.54 ± 2.37 100.50 ± 4.29

IS 50 81.53 ± 3.34 97.13 ± 5.54

Table 5 The Stability of Parecoxib and Valdecoxib in Beagle Plasma (n=6, Mean ± SD)

Compounds Spiked

(ng/mL)

Room Temperature, 12 h Autosampler 4 °C, 12 h Three Freeze-Thaw −20°C, 4 weeks

RSD(%) RE(%) RSD(%) RE(%) RSD(%) RE(%) RSD(%) RE(%)

Parecoxib 10 2.76 −0.41 3.09 0.37 2.91 −0.75 1.78 −1.96

800 2.49 2.94 2.52 3.95 1.98 2.38 1.46 0.33

3000 2.11 0.23 2.21 −1.20 1.57 −0.42 1.79 0.60

Valdecoxib 10 2.47 −0.59 3.12 −1.04 2.09 0.27 4.64 −1.88

800 3.84 −0.74 4.44 −2.71 4.58 1.70 3.06 −1.93

3000 1.09 −1.09 2.50 −0.73 1.21 1.90 2.28 −0.29
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Stock Solution Stability

Under the experimental conditions, the stock solution sta-

bility is shown in Table 6. It can be seen from the experi-

mental results that the parecoxib, valdecoxib and IS stock

solutions were stabilized.

Pharmacokinetic Study
The pharmacokinetic parameters of parecoxib and val-

decoxib included Tmax, Cmax, AUC(0-t), AUC(0-∞), t1/2,

MRT were determined. The calculation of non-

compartmental is listed in Table 7. The curve of plasma

concentrations-time of parecoxib and valdecoxib was

shown in Figure 4. After intramuscular injection dosage,

the concentration of parecoxib in the beagle rapidly

decreased and was metabolized to valdecoxib. The t1/2
of valdecoxib was about 2.27 h, and the Tmax was about

1.36 h. Parecoxib and valdecoxib were metabolized fas-

ter in beagles after muscle administration. The UPLC-

MS/MS method for detecting parecoxib and valdecoxib

concentrations in this study could be used for the phar-

macokinetic study of parecoxib in beagle.

Conclusion
This study established a sensitive, rapid and specific

UPLC-MS/MS method for simultaneous determination of

parecoxib and its active metabolite valdecoxib in beagle

plasma. This method required a simple acetonitrile preci-

pitation process with a short analysis time (3.0 min). This

method was successfully applied to the pharmacokinetic

study of beagle, which provided a reference for the study

of drug interactions.
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Cmax (ng/mL) 1967.59±418.18 1944.84±247.68

AUC(0-t) (ng·h/mL) 2502.79±370.09 4960.31±630.49

AUC(0-∞) (ng·h/mL) 2508.19±368.28 4967.02±629.81

Abbreviations: t1/2, Half-life; Tmax, Time of peak concentration; MRT(0-t), Mean

residence time of 0-t time; MRT(0–∞), Mean residence time of 0-infinity time; Cmax,

Peak concentration; AUC(0-t), Area under curve of 0-t time; AUC(0-∞), Area under

curve of 0-infinity time.

Figure 4 The mean plasma concentration-time curve of parecoxib and valdecoxib

(zoomed 1 h to 4 h pharmacokinetic profile).
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