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Abstract: Systematic reviews and original research articles should have a structured abstract of
around 250 words and contain the following headings: Background/Objectives, Methods, Results,
and Conclusions. Background/Objectives The study involves assessment of bioequivalence of a
locally manufactured etoricoxib film-coated tablet (test) relative to the reference product, followed
by Physiologically based pharmacokinetic (PBPK) modeling. Methods: In-vitro dissolution testing
was performed in media of pH 1.2, 4.5, and 6.8 using USP Apparatus II (paddle method). A
randomized, open-label, two-treatment, two-period, single-dose crossover study was conducted in
12 healthy Pakistani male volunteers under fasting conditions. Subjects received a single 120 mg dose
of either the test (Etoxib®) or reference (Arcoxia®) product, with a 14-day washout. Plasma etoricoxib
concentrations were quantified over 72 hours using a validated HPLC-UV method, and
pharmacokinetic parameters were determined via non-compartmental analysis. Results: The
geometric mean ratios (90% confidence intervals) for Cmax, AUC,—t, and AUCy—e were 0.946 (0.8855—
1.0135), 0.923 (0.8705-0.9795), and 0.960 (0.8955-1.0255), respectively, within the regulatory
bioequivalence range. Both formulations were well-tolerated, with no serious adverse events
reported. PBPK modeling of in vivo pharmacokinetic data demonstrated acceptable fold errors for
assessed parameters, supporting the bioequivalent findings. Conclusions: The study confirms that
the locally made etoricoxib tablet is bioequivalent to the reference product, with pharmacokinetic
parameters that meet regulatory standards. The PBPK modeling showed acceptable results, proving
the test product is a therapeutically equivalent option.

Keywords: PBPK; physiologically based pharmacokinetic; Etoricoxcib; bioequivalence

1. Introduction

Etoricoxib (CisHisCIN20:S), a selective cyclooxygenase-2 (COX-2) inhibitor [1], is prescribed for
the management of inflammatory conditions including osteoarthritis, rheumatoid arthritis, and acute
pain [2,3]. It offers effective anti-inflammatory and analgesic benefits while minimizing
gastrointestinal adverse effects commonly attributed to selective nonsteroidal anti-inflammatory
drugs (NSAIDs) [4,5]. It has also been found safe and effective in the management of inflammatory
bowel disease [6,7]. Given its clinical significance, ensuring the bioequivalence of generic
formulations with the reference product is crucial to maintaining therapeutic efficacy and safety.
Bioequivalence studies facilitate regulatory approval of generic versions by demonstrating
comparable pharmacokinetic profiles, thereby ensuring interchangeability with the innovator drug
[8]. The assessment of bioequivalence involves a multi-step approach, beginning with pharmaceutical
assay and comparative dissolution profiling of the test and reference products. Pharmaceutical assay
in context of bioequivalence studies ensures the similarity in quality and potency of the reference and
test formulations [9]. The dissolution testing serves as an in vitro surrogate for in vivo drug release
characteristics. Comparative dissolution profiling evaluates whether the test product exhibits a
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similar dissolution behavior to the reference product under bio-relevant conditions, which is a
prerequisite for establishing bioequivalence [10]. The in vitro assessment is followed by
bioequivalence study involving healthy human subjects under controlled conditions. This study
evaluates key pharmacokinetic parameters like maximum plasma concentration (Cmax), time to
reach Cmax (Tmax), and area under the plasma concentration-time curve (AUC), comparing these
metrics between the test and reference formulations. The results determine whether the test product
falls within the accepted bioequivalence range set by regulatory agencies, typically 80-125% for Cmax
and AUC [11]. The present study aims to establish the bioequivalence of a test formulation of
etoricoxib compared to the reference product through a comprehensive approach encompassing
pharmaceutical assay, comparative dissolution profiling, bioanalytical method development and
validation and bioequivalence assessment. The findings will facilitate the regulatory approval of the
generic product and provide insights into the pharmacokinetic properties of etoricoxib, ultimately
supporting its safe and effective use in clinical practice.

2. Materials and Methods

Etoricoxib (99.43% pure) standard was obtained as a gift from Glenmark Pharmaceuticals (Pvt.
Ltd). All solvents were of HPLC grade, while the rest of the materials were of analytical grade and
procured from Sigma-Aldrich. The test product Etoxib® (120mg) was manufactured by Hiranis
Pharmaceuticals (Pvt. Ltd), Karachi while the reference product Arcoxia® (120mg) manufactured by
Merck Sharp and Dohme GmbH was imported from Dubai, UAE.

2.1. Instruments

The analysis was conducted on a Shimadzu LC-20A system equipped with a UV-VIS detector
(SPD-M20A, Shimadzu, Kyoto, Japan), an auto-sampler (SIL-20AC, Shimadzu, Kyoto, Japan), a
column oven (CTO-20A, Shimadzu, Kyoto, Japan), and a degasser (DGU-20A5R, Shimadzu LC-20A).
Data acquisition was performed using Lab Solution software (version 5.65, Shimadzu, Kyoto, Japan).
Sample preparation involved the use of a vortex mixer (Biobase, California, USA), a centrifuge
(Mikro, Hettich, Germany), and micropipettes (Eppendorf, Germany). The filtration assembly
(Sartorius, Germany) used to degas and filter mobile phase prior to use.

2.2. Chromatographic Conditions for Assay of Etoricoxib Products

The mobile phase composition was 0.05M Potassium Di hydrogen phosphate (KH2POs4) and
acetonitrile in the ratio 50:50. The flow rate was set at 1.5mL/min while the detection was performed
at 283nm while the column was maintained set at 40°C temperature and the injection volume was
20ul [12].

2.3. Preparation of Standard and Product Samples

For preparation of ETO standard, accurately weighed 120mg of ETO was transferred to 100ml
volumetric flask and dissolved in 50ml of diluent (Water:ACN) (50:50). The volume was made up to
100ml with the same diluent. Subsequent dilution (60pg/ml) was prepared from the stock solution.
Samples of both test and reference products were prepared separately by weighing and crushing
20tablets and transferring amount equivalent to 120mg of active ingredient to 100ml volumetric flask.
It was dissolved in the same diluent as the standard and diluted to nominal concentration of 60ug/ml.

2.4. Comparative Dissolution Testing

The three distinct dissolution media i.e. 0.1 N hydrochloric acid, acetate buffer pH 4.5, and
phosphate buffer pH 6.8, were prepared according to United States Pharmacopeia. The dissolution
testing was performed on a USP paddle II apparatus (Pharma Test, PT-DT70, Germany) operated at
50rpm paddle speed and 900mL dissolution medium in each vessel. The absorbance measurements
for both standard and sample solutions were conducted using a UV-Vis spectrophotometer (UV-1800
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Shimadzu, Kyoto, Japan) at a wavelength of 283 nm, with the dissolution medium serving as the
blank. Samples were withdrawn at intervals of 5 min, 10 min, 15 min, and 30 min from each vessel.
An additional sample was collected at 60 min for pH 4.5 and 90, 120 and 150 min samples were also
collected in buffer pH 6.8 owing to reported poor dissolution. A portion of 10mL was collected and
adequately diluted with the same buffer for determination of absorbance while the buffer was
immediately replaced in each vessel after sample collection.

2.5. Bio-Analytical Method Development and Validation

2.5.1. Chromatographic Conditions

The separation of analyte from plasma matrix was performed on a Welchrom C-18 column (150
mmx4.6mm, 5pm) equipped with a guard column (LiChrospher® 100, 5 pm, LiChroCART® 4-4). The
column oven temperature was maintained at 35 °C. The mobile phase consisted of acidic aqueous
medium (0.1% formic acid in water) and acetonitrile with 0.1% formic acid. The two solvents were
mixed in the ratio of 78:22 (v/v), delivered at 1 mL/min flow rate [13]. UV detector was set at a
wavelength of 254 nm, while diclofenac (10 pg/mL) was used as the internal standard. The injection
volume was 50 uL, and the total run time was 14 minutes.

2.5.2. Preparation of Calibration Standards and Quality Controls

The stock solution of etoricoxib (1 mg/mL) was prepared in methanol and diluted to 10 pg/mLin
plasma. Similarly, the stock solution of the internal standard, diclofenac (1 mg/mL), was prepared by
weighing 10 mg of diclofenac, dissolving it in methanol, and diluting the solution to 10 mL with
methanol. Furthermore, calibration standards of ETO were prepared in plasma ranging in
concentrations 0.175ug/ml to 3.5ug/ml. A system suitability sample containing 2.1 pg/mL etoricoxib
and 1 pug/mL diclofenac was prepared for method validation.

2.5.3. Plasma Sample Pre-Treatment

In a 2 mL Eppendorf tube, 400 uL of spiked or blank plasma was added with 50 puL of the I.S (5
pg/mL of Diclofenac) and 400 pL of acetonitrile. The mixture was thoroughly mixed on vortex mixer
for 30 seconds, then heated at 56 °C for 5 minutes. After heating, the sample was centrifuged at 12,000
rpm for 10 minutes. About 600 pL of the upper layer was carefully collected, filtered into a 0.5 mL
micro-centrifuge tube.

2.5.4. Bio-Analytical Method Validation

The proposed bio-analytical method was fully validated according to ICH guidelines on
bioanalytical method validation for selectivity, sensitivity, accuracy, precision and stability [14]. The
selectivity was rigorously evaluated on six different blank plasma to ensure accurate quantification
of ETO in the presence of potential endogenous matrix interferences. The chosen chromatographic
conditions yielded retention times for Etoricoxib and diclofenac to 11.0 + 1 minute and 6.6 + 1 minute
respectively.

The stability of ETO in plasma was investigated under various storage and handling conditions
at three concentration levels of quality control samples: low (0.525pg/mL), medium (1.75ug/mL), and
high (3.15pug/mL). The stability parameters evaluated include stock solution, auto-sampler, freeze-
thaw, and long-term stability at -70°C. Stock solution stability was assessed by comparing the initial
and one-week concentrations of ETO and the internal standard (Diclofenac). Working solutions of
ETO (1 pg/mL) and Diclofenac (1pug/mL) were prepared in the mobile phase from freshly prepared
stock solutions. Triplicate analyses of these solutions were performed by HPLC after a one-week
interval.

For freeze-thaw stability, QC samples were prepared and initially analyzed to establish a
baseline (zero-hour) concentration. Subsequently, the samples were kept at -20°C. After 24 hours,
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these QCs were thawed unassisted at room temperature, a portion (0.4mL) was analyzed, and the
remainder was refrozen. The cycle was repeated twice, corresponding to 48 and 72h post-initial
preparation. The chemical integrity of ETO was assessed by determining the percent recovery at each
time point. Long-term stability at -70°C was assessed using the quality control samples stored at -
70°C, and each concentration was analyzed periodically for up to four weeks following the
preparation of the initial long-term stability samples.

Recovery was determined by comparing the peak area of ETO extracted from plasma samples
to that of ETO in mobile phase samples. Though complete (100%) recovery is not required, consistent
and reproducible recovery is essential. Recovery assessments were performed over three consecutive
days to evaluate reproducibility. Linearity was assessed by injecting a series of standards at seven
distinct concentrations spanning the anticipated concentration range. This procedure yielded the
standard curve, thus demonstrating the method's linearity. During the validation of the ETO assay,
the calibrators demonstrated linearity across the concentration range of 0.175ug/mL to 3.5pg/mL.
Best-fit calibration lines, derived from plotting the chromatographic response against concentration,
were generated.

Accuracy was defined as the percentage ratio of the calculated mean concentration of spiked
samples in comparison to the nominal (theoretical) concentrations. Both intra-day and inter-day
accuracy were assessed using the standard curves generated during the linearity assessment. Five
replicate injections of each QC and lower limit of quantification (LLOQ) sample were analyzed, and
their concentrations were calculated from the respective standard curve. Intra-day and inter-day
accuracy was specifically evaluated for the QC samples. Precision was determined using the same
data acquired for the accuracy assessment. Precision was expressed as the percent coefficient of
variation (%CV). Intra-day and inter-day precision was evaluated for both calibrators and QC
samples over three days using the generated standard curves. The %CV was calculated for the QC
samples across their respective concentration ranges. The sensitivity was established by determining
the lower limit of quantification (LLOQ). Ten replicate injections of the LLOQ sample were analyzed,
and the measured concentrations were determined based on the peak area ratio. This assessment
provided a robust measure of the method's ability to accurately quantify ETO at low concentrations.

2.6. Bioequivalence Study Design and Ethical Approval

2.6.1. Subject Selection

A controlled clinical investigation was conducted involving twelve (n=12) healthy male adult
volunteers (designated as V1-V12). The eligibility of participants was ascertained through
comprehensive physical examinations, medical history assessments, and clinical laboratory
evaluations. Individuals presenting with clinical laboratory values deviating from the standard
reference range, those afflicted with acute infections or chronic pathologies, and individuals with
documented hypersensitivity to NSAIDS were excluded from enrollment. Additionally, subjects with
a history of smoking, alcohol consumption, or tobacco use, as well as those who had recently donated
blood for therapeutic or research purposes, were precluded from participation.

2.6.2. Study Design and Blood Sampling Protocol

This investigation followed an open-label, randomized, single-dose, two-treatment, two-period,
two-sequence crossover bioequivalence design. The reference formulation, Arcoxia® (120 mg film-
coated tablet), was designated as treatment A, whereas the test formulation, Etoxib®® (120 mg film-
coated tablet), was identified as treatment B. Subjects were admitted to the clinical facility 12 hours
prior to drug administration to ensure a fast state for at least one-hour post-dosing. Pharmacokinetic
(PK) profiling involved the collection of 15 venous blood samples in heparinized tubes (5 mL per
sample) at predefined intervals: 0, 0.25, 0.50, 0.75, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 24.0, 48.0, and
72.0-hours post-dosing. A washout period of one week was observed between crossover phases.
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Immediately following collection, samples underwent centrifugation at 2500 rpm for 5 minutes at
ambient temperature to isolate plasma and stored at -20°C until further analysis.

2.6.3. Pharmacokinetic Analysis

The pharmacokinetic parameters of both the test and reference formulations were determined
through plasma drug concentration assessments utilizing validated bioanalytical methods. Non-
compartmental analysis was executed on Kinetica® version 5.1 (Thermo Electron Corp., Waltham,
USA) to derive key PK parameters, including the time to reach maximum plasma concentration
(Tmax), maximum plasma concentration (Cmax), area under the plasma concentration-time curve
from zero to the last time point (AUCO-t), and area extrapolated to infinity (AUCO-e).

2.6.4. Statistical Evaluation

In compliance with U.S. FDA regulatory guidelines on statistical approaches to bioequivalence
assessment, a Latin square-design two-way ANOVA was employed on log-transformed
pharmacokinetic data using a general linear model framework to evaluate the impact of formulation,
period, sequence, and inter-subject variability within sequences using a = 0.05significance level. A
two one-sided t-test (TOST) was conducted to compare the mean pharmacokinetic parameter values
between the test and reference products. Bioequivalence was confirmed if the 90% confidence
intervals for the geometric mean ratios (GMR) of the pharmacokinetic parameters fell within the
regulatory acceptance range of 0.80-1.25, signifying comparable systemic exposure between the
formulations [11].

2.6.4. Physiologically Based Pharmacokinetic (PBPK) Modeling of Pharmacokinetic Data

A physiologically based pharmacokinetic (PBPK) model for Etoricoxib® 120 mg immediate-
release tablets was developed using the Advanced Compartmental Absorption and Transit (ACAT)
model in GastroPlus® version 9.8.3 (Simulations Plus, Inc., Lancaster, CA). This model aimed to
simulate drug absorption in a healthy male population. Physicochemical, physiological, and
pharmacokinetic properties required for the model were gathered from experimental data and
literature sources, as summarized in Table 1.The initial step involved validating the model by
comparing the simulated intravenous (IV) bolus profile of Etoricoxib with corresponding in vivo data
from adult studies4.Furthermore, the simulated plasma concentration-time profile for the immediate-
release tablets was cross-checked against observed in vivo oral data. Before establishing the
correlation, the plasma concentration-time profile of the optimized formulation was analyzed using
the PKPlus™ module, and the resulting compartmental parameters were integrated into the
pharmacokinetic section of GastroPlus®. The accuracy of the model was assessed by calculating the
fold error (FE) between the predicted and observed pharmacokinetic parameters using a standard
formula [16,17].

Table 1. Input values for physiologically based pharmacokinetic (PBPK) model of etoricoxib.

Parameter Value Reference
Log P 2.794 18
pKa 4.96 18
Molecular Weight (M/W g/mol) 358.842 g/mol 18
Aqueous Solubility S mg/ml 0.0767 + 0.0018 mg/mL 19
Jejunal Effective Permeability (Peff) 4.75 x 104 cm/s 18
(cm/sec x 10-4, Fasted State
Unbound percent in human Plasma (%Fup) 8%
Human Blood to plasma concentration ratio 9.2:0.8 (plasma:blood)
(Rbp)

CIIV (L/h) 49 ml/min 4
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Cl Renal (L/h) 57ml/min 20
Cl Biliary (mcL/min/106) 14.95 20
Vss (L/kg) 119L 4

3. Results
3.1. Pharmaceutical Assay of Test and Reference Products

The HPLC method for the pharmaceutical assay was developed and comprehensively validated
in-house. The mobile phase consisted of a binary mixture of phosphate buffer and acetonitrile in a
50:50 ratio. Chromatographic separation was achieved using a conventional C-18 column (25 cm x
0.46 cm) with particle size of 5 um. Detection of the analyte was performed using a UV detector set
at a wavelength of 283 nm. The assay results for both the reference and test products were found to
be within the specified acceptance criteria of 90-110% of the label claim, as per the standards outlined
in the USP. Additionally, for bioequivalence studies, it is a regulatory requirement that the test and
reference products do not exhibit a difference exceeding 5% [9].

3.2. Comparative Dissolution Test

Comparative dissolution profile was conducted in buffers of three different pH values i.e. 1.2,
4.5 and 6.8 to obtain insight about the expected in-vivo drug release behavior of the developed
product. As depicted in Figure 1 more than 85% of drug dissolution was observed within 15minutes
in buffer pH 1.2. A relatively slower dissolution rate was observed at pH 4.5 for both the products,
i.e. around 85% after 30min whereas the slowest dissolution rate was observed at pH 6.8 with around
85% drug dissolution observed after two hours.

Comparative dissolution of Arcoxia®tablets vs
Etoxib®tablets

120
X 100
- 80
2 60
Q 40
R 1)
o
o O
> 0 20 40 60 80 100 120 140 160
) . .
Time (min)
—e—pH1.2 —e—pH6.8 pH4.5
pH1.2 —e—pHé6.8 —e—pH4.5

Figure 1. Comparative Dissolution Profile of test and reference and test products.

3.3. Bio-Analytical Method

The bioanalytical method underwent thorough validation, encompassing all critical validation
parameters, including selectivity, sensitivity, accuracy and precision, linearity of the calibration curve
and various stability studies as recommended by ICH M10 guidelines for bioanalytical method
validation [14].The chromatographic conditions employed provided a highly selective assay, as
demonstrated by the absence of interfering peaks in the elution regions of both the analyte (ETO) and
the internal standard (IS) in representative plasma sample chromatograms (Figure 2). Critically, no
interfering peaks were observed at the retention times corresponding to ETO or the IS, confirming
the method's selectivity. The lower limit of quantification (LLOQ) was established at 0.175ug/mL.
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The calibration curves demonstrated linearity across the concentration range of 0.175-3.5 pg/mL
(Figure 3).

£

=, Y e 1o T eeaies

Figure 2. Chromatograms of A. analyte and I.S. in mobile phase. B. Blank plasma C. etoricoxib with L.S. and D.

Plasma sample collected at 2hours.

Linearity curve for Etoricoxib in plasma
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Figure 3. Linearity curve of etoricoxib in human plasma.

In terms of precision and accuracy, the method was deemed satisfactory for both intra-day and
inter-day analyses, ensuring high reproducibility and reliability of the method. This was evident from
the accuracy and precision values within #15% of the nominal values (Tables 2 and 3). Different
stability assessments representing varying environmental conditions indicated that samples
remained stable with reference to three freeze thaw cycles (-20 °C), stock solution stability and long-
term stability for up to 72 hours and up to four weeks respectively at =70 °C (Table 4). These stability
findings were crucial for ensuring proper sample preservation prior to and during analysis, thereby
enabling accurate quantification of drug concentrations in biological fluids. Overall, all validation
parameters satisfied the pre-defined acceptance criteria in accordance with ICH bioanalytical method
validation guidelines, confirming the method's reliability and suitability for the quantification of ETO

in human plasma.


https://doi.org/10.20944/preprints202504.1893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2025 d0i:10.20944/preprints202504.1893.v1

8 of 16
Table 2. Accuracy and precision of the bioanalytical method.
Accuracy and Precision Accuracy and Precision
Day 1 Day 2 Accuracy and Precision Day 3

Concentration

Level (ug/ml) Mean(ug/ml) SD %CV  Mean(ug/ml) SD %CV  Mean (ug/ml) SD %CV

3.5 3.51 0.05 1.43 3.45 0.16 4.53 3.50 0.13 3.74
2.8 2.84 0.044 1.54 2.75 0.08 2.75 2.75 0.10 3.49
2.1 21 0.022 1.06 2.08 0.10 4.64 2.05 0.06 3.05
14 1.38 0.029 211 1.35 0.04 2.77 1.38 0.05 3.32
0.7 0.71 0.035 491 0.71 0.03 4.80 0.71 0.03 3.75
0.35 0.37 0.003 0.8 0.35 0.01 3.82 0.35 0.02 5.16
0.175 0.17 0.003 191 0.18 0.01 4.37 0.17 0.01 4.11

Table 3. Inter-day Accuracy and precision for 3 days.

Calculated concentration (ug/ml
Concentration Level (ug/mD

Mean (ug/ml) SD %CV
(ug/ml)
Dayl Day2 Day3
3.5 3.53 3.33 341 3.43 0.10 2.88
2.8 2.8 2.69 273 274 0.06 2.06
2.1 2.07 2.00 2.06 2.04 0.04 1.75
14 1.35 1.29 1.34 1.33 0.03 2.36
0.7 0.73 0.70 0.69 0.71 0.02 3.01

Table 4. Results of stability studies of Etoricoxib in plasma.

% Recovery
QCL QCM QCH

Stability parameter

Freeze-thaw (24 h) 98.89 100.59 96.30
Freeze-thaw (48 h) 98.42 93.43 97.70
Freeze-thaw (72 h) 95.55 96.16 98.56
Long term (week 1) 96.67 102.20 97.15
Long term (week 2) 95.97 100.00 98.08

Long term (week 3) 9699 9955  96.46

96.29
Long term ( week 4) 102.19 98.69

Stability week Week1l Week2 Week3
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Stock solution (%) ETO  98.96 97.46 96.83

Stock solution (%) 1.S 98.57 96.86 96.30

3.4. Bioequivalence Study Design

The current study was a conventional two treatment, two period two-way crossover study
between the reference product (Arcoxia®) and test product (Etoxib®). The demographic analysis of
the study population, comprising 12 subjects, revealed an average age of 24 years, with a range
spanning from 19 to 27 years. The mean height was observed to be 66 inches (range 61-72 inches),
while the average weight was 60.9 kg, (range 50.4-78.4 kg). The BMI distribution indicated a mean of
21.71 kg/m?, with a minimum of 18.68 kg/m? and a maximum of 27.14 kg/m2. The observed
demographic parameters fall within accepted physiological ranges, suggesting a relatively
homogenous study population in terms of age, height, weight, and BMI. The absence of extreme
values enhances the reliability of the dataset for further analysis.

3.5. Pharmacokinetic and Statistical Analysis

The pharmacokinetic profile of the etoricoxib (120 mg) reference formulation from this study
showed a Cmax of 2.915ug/mL, a Tmax of 0.729 hours, an AUC,-t of 38.93pug-h/mL, and an elimination
half-life (T1/2) of 25.18 (6.10) h (Table 4). Compared to previous research, the Cmax values were
23.69ug/mL for Setiawati and 19.86pg/mL for Harikrishnan et al. Tmax values were 1.75 hours for
Setiawati and 1.26 hours for Harikrishnan et al. AUC,-t values were 4495.03 ng-h/mL for former and
23.47pg-h/mL for latter. AUCy-o¢ values showed a 12% difference compared to Setiawati, and a 2.29%
difference compared to Harikrishnan et al. Setiawati's T1/2 was 19.20 (8.0) h. There are other notable
studies addressing bioequivalence of ETO but their results cannot be compared here owing to lower
doses administered to the subjects21, 22.The comparative pharmacokinetic evaluation of Arcoxia®
120 mg and Etoxib®120 mg (Figure 4) revealed that the Cmax values were 3.124 + 0.496 ug/mL for
Arcoxia® and 2.91 + 0.350ug/mL for Etoxib®, with a geometric mean ratio (GMR) of 0.947 and a 90%
confidence interval (CI) within the 80%-125% bioequivalence range. Tmax values were 0.729 + 0.198
h for Arcoxia® and 0.791 = 0.208 h for Etoxib® (Table 5). while AUC,-t values were 3.893 +
0.839ug-h/mL for Arcoxia® and 3.639 + 1.308g-h/mL for Etoxib®, with a GMR of 0.923 and a 90% CI
within the 80%-125% bioequivalence range. AUCy- values were 4.554 + 0.886p1g-h/mL for Arcoxia®
and 4.450 = 1.280ug-h/mL for Etoxib®, with a GMR of 0.961 and a 90% CI within the bioequivalence
criteria. The elimination half-life (T ¥2 ) was 25.175 + 6.10 h for Arcoxia® and 23.73 + 6.71 h for Etoxib®.
Two one-sided t-tests confirmed bioequivalence for Cmax and AUC,-.

Table 5. Pharmacokinetic parameters of Etoricoxib (120mg) reference and test products.

Pharmacokinetic parameter ~ Arcoxia (120mg)  Etoxib (120mg)

Conax 3124.56 +0.496 2915.25 +0.350
Tonax 0.729 +0.198 0.791 +0.208
AUC o+ 3893.91 £839.58  3639.12 £1308.0
AUC o-inf 4554.0 +886.4 4450.68+ 1280.68

T2 25.175 +6.10 23.73 +6.71

d0i:10.20944/preprints202504.1893.v1
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Figure 4. Concentration vs Time profile of Reference vs test products.

The geometric mean ratio (GMR) for Cmax was calculated as 0.947, indicating that the peak
plasma concentration of Etoxib® is approximately 94.7% of that of Arcoxia® (Table 6). The 90%
confidence interval (CI) for Cmax falls within the accepted bioequivalence range of 80%-125%, as
confirmed by the two one-sided t-tests, supporting the bioequivalence of the formulations. The Tmax
values for Arcoxia® (0.729 + 0.198 h) and Etoxib® (0.791 + 0.208 h) were also similar, demonstrating
a comparable rate of absorption between the two formulations. The AUCy-t and AUCy->> values,
representing the extent of drug exposure, were slightly higher for Arcoxia® (3.893 + 0.839 ng-h/mL
and 4.554+0.886 ng-h/mL, respectively) compared to Etoxib® (3.639 + 1.308 ug-h/mL and 4.450 +
1.280pg-h/mL, respectively). The geometric mean ratio (GMR) for AUC,-t was calculated as 0.923,
indicating that Etoxib® achieved approximately 92.3% of the systemic exposure of Arcoxia®. The
90% confidence interval (CI) for AUC,-t also falls within the accepted bioequivalence range of 80%-
125%, supporting the conclusion of bioequivalence between the two formulations. Similarly, the
geometric mean ratio (GMR) for AUCy--> was determined as 0.961. The 90% confidence interval (CI)
for AUCy-e= confirms that the two formulations meet the bioequivalence criteria. The elimination half-
life (T1/2) for Arcoxia® (25.175 + 6.10 h) and Etoxib® (23.73 + 6.71 h) exhibited minor variations,
suggesting similar elimination kinetics and duration of systemic drug exposure. The comparable half-
life values indicate that both formulations maintain effective plasma concentrations over a similar
time period. The pharmacokinetic parameters of Arcoxia® and Etoxib® demonstrate a high degree
of similarity, with minor differences observed in Cmax and AUC values. These variations may be
attributed to formulation differences or inter-individual variability in drug absorption. However, the
Tmax and T %2 values remain consistent between the two formulations, supporting their comparable
pharmacokinetic behavior.

Table 6. Geometric mean ratios at 90% CI of mean pharmacokinetic parameters (log-transformed) of test

formulations versus reference product under fasted state.

Arcoxia (120mg) Etoxib (120mg)  Geometric Mean
Parameter . 90% CI
(GeoMean) (GeoMean) Ratio (B/A)
Conax 3.059 2.896 0.946 (0.8855, 1.0135)
AUC o+ 40.845 37.715 0.923 (0.8705, 0.9795)
AUC g-in 44.7056 42.944 0.960 (0.8955, 1.0255)



https://doi.org/10.20944/preprints202504.1893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2025 d0i:10.20944/preprints202504.1893.v1

11 of 16
Table 7. Predicted pharmacokinetic parameters of etoricoxib reference and test products.
Etoxib® Arcoxia®
Result Observed Simulated fold error Result Observed Simulated fold error
Conar (ug/mL): 2.44 1.792 1.361 Cinax (ug/mL): 2.81 1.792 1.568
Tmax (h): 0.6 1.1 1.833 Tmax (h): 0.75 1.1 1.466
AUC o-inf (ug-h/mL): 37.744 39.988 1.059 AUC o-inf (ug-h/mL): 38.256 40.168 1.049
AUC o+ (ug-h/mL): 33.618 33.318 1.009 AUC o+ (ug-h/mL): 34.588 35.246 1.019

Overall, the PBPK model demonstrated reasonable predictive performance, with all fold errors
within the generally acceptable range. However, the discrepancies in Cmax and Tmax suggest the
need for further refinement of absorption kinetics to improve the accuracy of the model. Mitra et al
[28] investigated absorption kinetics of etoricoxib from the tablet products manufactured at two
different sites. They used comparative dissolution and PBPK modeling of etoricoxib film coated
tablets of three different strengths followed by a bioequivalence study against reference products.
They obtained similar drug dissolution results in acidic medium while significant difference was
observed at pH 4.5 and 6.8. Upon simulation to PBPK model they predicted bioequivalence of the
products manufactured at different sites which was further verified by the bioequivalence study.
These observations were found in-line with the current study.

4. Discussion
4.1. Pharmaceutical Assay of Test and Reference Products

There was no official testing method available for ETO in reputed international Pharmacopoeia.
Therefore, an in-house method was developed and validated as per general ICH guidelines (Q2 R1)
[23] for quantitative determination of active ingredients in dosage form. Topalli et al [24] and
Gangane et al. [25] reported HPLC based analytical methods for quantification of ETO in tablet
dosage forms and bulk material. They used the A max wavelength 233nm for detection of APL
Though ETO exhibits two wavelengths of maximum absorbance, the second wavelength 285nm as
reported by Cacciari et al [26] was selected in the current study. This may enhance specificity of the
method since excipients may show absorbance at lower wavelengths. The chromatographic
conditions thus applied yielded acceptable results with reference to system suitability parameters.
By applying this method, the assay was found to be more than 99% and within +5% of the reference
product.

4.2. Comparative Dissolution Test

It was evident from the observed results that the pH dependent solubility of the drug and the
best model for predicting oral absorption can be explained by the drug dissolution at pH 1.2. These
observations are in concordance with those reported by Ashokraj et al. [27] while slight difference
(around 15%) was observed as reported by Mitra et al. [28]. The difference may be attributed to the
developed formulation since they tested formulation variability between products developed at an
old and new site. The results also signify that due to the high solubility at lower pH, the absorption
and bioavailability of immediate release formulation is expected to be primarily influenced by their
initial dissolution in the acidic environment of the stomach (pH < 3). This is further supported by the
high absolute bioavailability of Etoricoxib (~100%), indicating that solubility does not limit its
absorption [29].

4.3. Bio-Analytical Method
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A new bioanalytical method was developed and validated for quantification of ETO in human
plasma. Though there are few previously reported bioanalytical methods which used either LC-MS
13, [30-32] with stable isotope labeled internal standards (SIL-IS) or used solid phase extraction as
sample preparation technique. These approaches are very expensive and require sophisticated
instrumentation. Therefore, a simple HPLC-UV-based analytical method was developed on the basis
of a literature survey. Matthews et al. [33] used Fluorescence detection after converting ETO to a
fluorescent chemical derivative. Secondly, they opted for solid-phase extraction in 96 well plate
system. The derivatization technique itself is very laborious and requires extensive validation
specifically to optimize derivatization reaction. Ashok et al [27] used a mixture of diethyl ether and
Dichloromethane (6:4) in large volume (6mL) for extraction of ETO. These solvents are hazardous
and using large volumes is not economically viable. Radwan et al. [34] conducted pharmacokinetic
studies of etoricoxib on rats and thus used smaller sample volumes for drug extraction. They used
simple protein precipitation and analysis on HPLC -UV with detection wavelength 245nm. They
used gradient elution mode for chromatographic separation and applied the method to
pharmacokinetic studies of ETO in rats.

4.4. Pharmacokinetics of Reference and Test Products

The observed variations in Cmax values across the studies, with this study reporting the highest
value, suggest potential differences in absorption rates or extent. The 14.0% difference between this
study and Setiawati's Cmax indicates relatively good agreement, while the 38.0% difference with
Harikrishnan et al. [35,36] suggests more substantial variability, possibly due to study conditions,
population characteristics, or bioavailability. The 25.0% difference between Setiawati and
Harikrishnan et al. reinforces this variability. The variability in Tmax values, with this study
reporting the fastest absorption, suggests differences in absorption phases. The greater comparable
Tmax between Setiawati and Harikrishnan et al. suggests more similar absorption between those two
studies. The significant difference in AUC,-t between this study and Harikrishnan et al. may reflect
differences in drug metabolism, study design, or bioanalytical methods. The relatively small
difference in AUC,-t between this study and Setiawati suggests similar overall drug exposure. The
better alignment of AUC,-> values across all studies, despite variations in Tmax and AUGC,-,
indicates overall consistency in total drug exposure. The moderate variation in elimination half-life
between this study and Setiawati, with both values within the expected range for etoricoxib, indicates
comparable elimination kinetics.
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4.5. Statistical Analysis for Establishing Bioequivalence

The comparative pharmacokinetic evaluation demonstrated similar pharmacokinetic profiles
for Arcoxia® and Etoxib®, with minor differences observed in absorption, distribution, and
elimination parameters. The slightly higher Cmax values for Arcoxia suggest marginally higher peak
plasma levels, though the difference is not substantial, indicating comparable bioavailability. The
GMR and 90% CI for Cmax and AUC values confirmed the bioequivalence of the two formulations,
as supported by the two one-sided t-tests. Similar Tmax values indicate a comparable rate of
absorption. The slight differences in AUCy-t and AUC,- values suggest minor variations in the
extent of drug exposure, but these variations are within the accepted bioequivalence range. The
comparable elimination half-life (T %2) values indicate similar elimination kinetics and duration of
systemic drug exposure. These minor variations in Cmax and AUC values may be attributed to
formulation differences or inter-individual variability in drug absorption. However, the consistent
Tmax and T V2 values support the comparable pharmacokinetic behavior of both formulations.

4.6. Physiologically Based Pharmacokinetic (PBPK) Modeling of Pharmacokinetic Data

The PBPK model predictions for Etoxib® and Arcoxia® were evaluated by comparing key
pharmacokinetic parameters, including Cmax, Tmax, AUCO0-inf, and AUCO-t (Table 6). The fold error
was calculated to assess the predictive accuracy of the model. The model showed a moderate under-
prediction of Cmax, while Tmax was notably overestimated (Figure 5). In contrast, the predictions
for AUCO-inf and AUCO-t were in close agreement with observed values, indicating a good model fit
for drug exposure parameters.

Etoricoxib 120 mg Oral Tablet (Arcoxia) Etoricoxib 120 mg Oral Tablet (Etoxib)
v Cp-Etoricoxib 120 mg Oral Tablet (Arcoxia) = Cp-Etoricoxib 120 mg Oral Tablet (Etoxib)
v a Cp-Etoricoxib 120 mg Oral Tablet (Arcoxia) Obs v = | Cp-Etoricoxib 120 mg Oral Tablet (Etoxib) Obs
¥ ——T_ Cp-Etoricoxib 120 mg Oral Tablet (Arcoxia) Err ¥ ——T__ Cp-Etoricoxib 120 mg Oral Tablet (Etoxib) Err
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Figure 5. Observed and predicted plasma concentration vs time curve for A. etoricoxib reference product and B.

Test product.

Overall, the PBPK model demonstrated reasonable predictive performance, with all fold errors
within the generally acceptable range. However, the discrepancies in Cmax and Tmax suggest the
need for further refinement of absorption kinetics to improve the accuracy of the model. Mitra et al?
investigated absorption kinetics of etoricoxib from the tablet products manufactured at two different
sites. They used comparative dissolution and PBPK modeling of etoricoxib film coated tablets of three
different strengths followed by a bioequivalence study against reference products. They obtained
similar drug dissolution results in acidic medium while significant difference was observed at pH 4.5
and pH6.8. Upon simulation to PBPK model they predicted bioequivalence of the products
manufactured at different sites which was further verified by the bioequivalence study. These
observations were found in-line with the current study.
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5. Conclusions

The study successfully established the bioequivalence of the locally manufactured etoricoxib
tablet, showing pharmacokinetic parameters meeting the regulatory acceptance criteria. PBPK
modeling yielded acceptable fold errors, supporting the consistency of the findings and thus
establishing the test product as a therapeutically equivalent alternative to the reference formulation.
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