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Aim: To develop a simple HPLC-DAD method for simultaneous determination of febuxostat (FEB) and
diclofenac (DIC) in biological samples to assess pharmacokinetic outcomes of their coadministration.
Methodology & results: Sample preparation was performed by liquid-liquid extraction. Drugs analysis was
done on C18 column using methanol-formic acid pH 2.1 (76:24, v/v) as mobile phase and time-programmed
UV detection. Lower limits of quantitation for FEB and DIC were 10 and 20 ng/ml, respectively. Baseline
pharmacokinetics were similar to published data on either drug alone. Coadministration led to more than
twofold increase in FEB C,,.x and AUC together with a reduced hepatic uptake in rats. Conclusion: DIC in-
terfered with initial distribution and terminal clearance of FEB potentially due to reduced FEB hepatic
uptake.
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Gout is common arthritic condition of adulthood that is associated with increased serum uric acid concentration.
Treatment of gout usually involves uric acid lowering therapy in addition to anti-inflammatory and analgesic
medication to control joint pain [1]. Febuxostat (FEB; 2-[3-cyano-4-(2-methylpropoxy) phenyl]-4-methylthiazole-
5-carboxylic acid) is a nonpurine xanthine oxidase inhibitor that is used to lower serum uric acid levels [1]. NSAIDs,
including diclofenac (DIC), are used to manage inflammation and pain associated with joint disorders [2]. They
are commonly coadministered or coformulated together with FEB to treat symptoms of inflammation and pain
associated with gout [1]. Rapid absorption of FEB is reported following its single or multiple dosing showing peak
plasma concentration (Cy,,y) in the range of 1.5-1.6 g/ml, which was achieved after (ty.) of 1.0-1.5 h following
a 40-mg dose [3,4]. It is metabolized by both conjugations, via uridine diphosphate glucuronosyl transferase (UGT)
enzymes and oxidation, via the CYP450 system [5]. On the other hand, DIC exhibits good oral bioavailability with
a reported tma and Ca of 2 h and 2.24 pg/ml, respectively, following a 100-mg oral dose in healthy human
volunteers [6].
Similar to other NSAIDs, DIC exerts a potent inhibitory effect on UGT (7). This poses a potential for phar-
macokinetic interaction since UGT is a major route for FEB metabolism [5]. Indeed, a previous study on the
pharmacokinetic interaction between FEB and naproxen showed 28 and 40% increases in C,,, and AUC for FEB,
respectively, however, these changes were deemed not to be clinically significant [s]. Yet, these changes were not
uniform across different NSAIDs studied [s] indicating possible interference from other pharmacokinetic effects.  newlands
In particular, an additional mechanism of interaction might cause further alteration of FEB pharmacokinetic press
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profile in combination with DIC through the DIC-mediated inhibition of organic anion transporting polypeptide
(OATP) possibly interfering with FEB liver uptake and distribution 91. The potential impact of both effects on the
pharmacokinetics of FEB is unknown. Given the wide use of DIC in gout [10] as well as many other indications,
the study of such an interaction is warranted.

Yet in terms of analytical techniques, many methods were developed for the simultaneous estimation of FEB and
DIC in their combined dosage forms [11,12]. Moreover, FEB and DIC were analyzed individually in human plasma
using, HPLC [13-16], and LC-MS/MS ones [17-20]. On the other hand, literature reported only one HPTLC [21]
method for the simultaneous determination of both FEB and DIC in human plasma, which was applied for the
analysis of the two drugs in plasma only 1 h after their coadministration. Detailed description of the interaction
was not forthcoming and no HPLC methods for simultaneous determination in biological samples were found.

Thus, the aim of this work is to develop a highly sensitive and simple HPLC-DAD method for the simultaneous
determination of FEB and DIC in biological samples (plasma and liver homogenate) allowing pharmacokinetic
investigation. The newly developed method shows advantages over the only existing HPTLC method (for si-
multaneous determination of FEB and DIC in plasma) including the ease of automation of the HPLC method
compared with HPTLC permitting high-throughput investigation of large number of samples over a smaller period
of time making it appropriate for pharmacokinetic studies. In addition, the proposed method shows approximately
ten-times higher sensitivity compared with the reported HPTLC method allowing determination of very small
concentrations of the two drugs up to 24 h postdosing. The proposed method proved to be of excellent accuracy and
precision. Its specificity and sensitivity encouraged us to apply it to study the possible pharmacokinetic interaction
between single doses of FEB (40 mg) and DIC (100 mg) in eight healthy human volunteers for 24 h postdosing
making this the first report for a full pharmacokinetic interaction study between FEB and DIC. Moreover, the
current method was applied to study the effect of DIC on FEB distribution to liver, using liver homogenates of
16 male rats, where no previous attempts to conduct such a study have been previously reported. A significant
alteration of the pharmacokinetic profile of FEB was observed and thus caution is warranted for its concomitant
use with DIC.

Experimental

Materials & reagents

FEB (99.90%) and DIC (99.80%) authentic standards were supplied as a gift from Medizen Pharmaceutical
Industries, Egypt. The internal standard (IS) celecoxib (CEL, 99.80%) was provided by Amoun Pharmaceutical
Co., Egypt. Two dosage forms were purchased from the market and used in this study namely Donifoxate®
tablets (Eva Pharmaceutical Co., Cairo, Egypt) labeled to contain 40 mg FEB per tablet and Cataflam® tablets
(Novartis Pharma, Cairo, Egypt) labeled to contain 50 mg DIC per tablet. HPLC grade methanol (Fisher Scientific,
Loughborough, UK), formic acid and diethyl ether (SD Fine Chemicals Limited, Mumbai, India) were used.

Instrumentation & chromatographic conditions
Agilent 1200 series HPLC-DAD system was used consisting of vacuum degasser, quaternary pump, autoinjector,
diode array (G1315 C/D) and multiple wavelength detector (G1365 C/D). The HPLC system is linked to a
computer using Agilent ChemStation Software (Agilent Technologies, CA, USA). The chromatographic separation
was achieved using Agilent Zorbax SB-C18 column (4.6 x 250 mm, 5-pm particle size) attached to Agilent HC-
C18 (4.6 x 12.5 mm, 5-pum particle size) guard column. The DAD was switched online to measure each analyte
at its Aax. For the determination of FEB and DIC in human plasma, the diode array detector (DAD) wavelength
was set at 255, 282 and 315 nm from 0 to 7.1 min, 7.1 to 9 min and from 9 min till end of the run (11 min)
for the detection of CEL, DIC and FEB, respectively. For FEB determination in rat liver homogenate, the DAD
wavelength was set at 255 and 315 nm from 0 to 7.9 min and from 7.9 min till the run end for the detection
of CEL and FEB, respectively. The mobile phase consisted of methanol-formic acid pH 2.1 (76:24, v/v) and was
filtered and pumped at a flow rate of 1 ml/min. Injection volume was 100 pl. All determinations were performed
at ambient temperature.

Evaporation of the organic solutions to dryness was performed using Christ rotational vacuum concentrator
(Germany). All pH measurements were made with a pH-Meter Model pH211 (Hanna Instruments, RI, USA).
Calibration was done using standard buffers of pH 4 and 7 at room temperature.
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Table 1. Regression and statistical parameters for the proposed HPLC-DAD method.

Parameters Human plasma (matrix) Rat liver homogenate (matrix)
FEB DIC FEB

Linearity range (ng/ml) 0.01-14 0.02-14 0.01-7

Intercept (a) -3.62 x 1073 -1.63 x 1072 0.13

Slope (b) 0.74 0.35 1.47

Correlation coefficient (r) 0.9999 0.9999 0.9990

Sa 3.47 x 102 1.23 x 102 0.08

Sb 5.52 x 1073 1.97 x 103 0.03

Sy/x 6.79 x 102 2.40 x 10 0.14

Sp % 0.75 0.56 2.04

F 17,862.17 32,327.62 1663.14

Significance F 9.24 x 107 3.79 x 107 3.24 x 10°

Sa is standard deviation of intercept, Sy is standard deviation of slope and Sy, is standard deviation of residuals.
DIC: Diclofenac; FEB: Febuxostat.

Standard solutions

Stock standard solutions (100 pg/ml) of FEB, DIC and the IS CEL were separately prepared in methanol. Working
standard solutions (10, 1 and 0.1 pg/ml) of FEB and DIC were freshly prepared by successive 1/10 dilutions of
the stock solutions with a hydromethanolic solution (15% methanol). In addition, a working standard solution of
CEL (10 pg/ml) was also freshly prepared in the same hydromethanolic solution.

Preparation of liver homogenates

Aliquots of 1 g of excised rat liver were transferred into a set of centrifuge tubes, and homogenized with 3-ml
distilled water in three pulses of 20 s. The tubes were centrifuged for 10 min at 3000 rpm, and the supernatant
fluid was collected.

Calibration curves & quality control samples

In stoppered centrifuge tubes, 0.5-ml portions of drug-free human plasma (or liver homogenate) were spiked with
aliquots of the working standard solutions of FEB and DIC, to obtain final concentrations within the linearity
ranges listed in Table 1. To each tube, 125-pl aliquot of CEL 10 pg/ml working standard solution was added.

Liquid-liquid extraction was applied for sample preparation. To each tube, addition of aqueous formic acid
(pH 2.1, 0.5 ml) and diethyl ether (4 ml) was performed. Stoppering of the tubes was done followed by vortex
mixing at high speed (2 min), then centrifugation at 3000 rpm (10 min). Quantitative transfer of the organic
layer into new glass tubes was performed followed by evaporation to dryness under vacuum. The residues were
reconstituted in 0.5 ml mixture of methanol-formic acid pH 2.1 (76:24, v/v) and then filtered through 0.45 pm
polytetrafluoroethylene (PTFE; Teflon) syringe filter before injection.

For preparation of quality control samples, three drug-free samples of each of human plasma and rat liver
homogenate were spiked with appropriate aliquots of FEB, DIC and CEL working standard solutions, and
prepared in duplicates. The FEB concentrations were 0.03, 1.00 and 3.00 pg/ml while those for DIC were 0.06,
1.80 and 4.00 pg/ml. CEL concentration, in all samples, was 2.50 pg/ml.

Application to a pharmacokinetic drug-drug interaction study
Subjects

Our institutional Ethics Committee has approved a protocol (no. 170521, May 21st 2017) for conducting the
study design and for subject enrollment where eight healthy Egyptian male volunteers participated in this study
after signing an informed consent. They aged from 22 to 40 years old and their body mass index (BMI) was less than
30 kg/m?. The suitability of the volunteers to participate in the study was concluded after obtaining their medical
history and after conducting physical examination and electrocardiograms. In addition, various screening tests
were performed including hemoglobin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), fasting
blood sugar, serum creatinine, hepatitis-C virus (HCV), hepatitis-B virus (HBV) and human immunodeficiency
virus (HIV) tests. The acceptance criteria also omitted subjects who are smoking, having a history of drug abuse,
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taking any other medication during the study or having a history of hypersensitivity to NSAIDs drugs or FEB. In
addition, subjects having gout, repeated gastrointestinal disorders or any coexisting disease that need daily treatment
were excluded.

Study design

A three-step crossover sequential study design was adopted with a 7-day washout period. The first step involved
once daily oral administration of FEB (40 mg), one tablet Donifoxate 40®, at 8:00 am of day 1 through 5 days.
On day 5, intravenous blood samples were withdrawn at 0, 0.5, 1, 2, 4, 8, 12 and 24 h postdosing. The second step
started at day 13 and involved once daily oral administration of DIC (100 mg), two tablets Cataflam 509, ar 8:00
am for 5 days. On day 17, intravenous blood samples were withdrawn at 0, 0.5, 1, 2, 4, 8, 12 and 24 h postdosing.
The last step started on day 25 and involved once daily oral dosing of FEB/DIC (40/100 mg) combination at 8:00
am for 5 days. On day 29, intravenous blood samples were withdrawn at 0, 0.5, 1, 2, 4, 8, 12 and 24 h postdosing.
Blood samples were placed in tubes to which EDTA has been added as anticoagulant. The tubes were kept on ice
till plasma separation by centrifugation within 1 h after withdrawal. The separated plasma samples were kept at
-20°C till the analysis time.

Pharmacokinetic parameters were calculated using noncompartmental methods [22-24]. The terminal elimination
rate constant (K) was calculated by linear regression analysis of the plasma concentrations in the terminal phase. The
t/2 was calculated using the equation t;/, = 0.693/k. The 24-h AUC (0-24) was calculated using the combined
log-linear trapezoidal rule from time 0 h postdose to the concentration measured at 24 h. AUC 0—00 was required
to calculate oral clearance. It was calculated by the addition of (last measured concentration/K) to AUC 0-24. In
addition, oral clearance (CL/F) was obtained from the ratio (dose/AUC 0—00) while oral volume of distribution
(Vd) was obtained from the ratio (oral clearance/K). Paired t-test was used to perform statistical comparison
between the obtained PK parameters (mean =+ standard error) at p < 0.05.

In order to assess the potential effect of DIC on FEB liver uptake, two groups of eight rats (Sprague-Dawley) were
used. Rats were fasted overnight prior to the experiment day. One group received FEB (5 mg/kg), while the
other received both FEB (5 mg/kg) and DIC (10 mg/kg) by oral gavage. Rats were euthanized one hour after
administration, liver was excised, blood samples were collected, and plasma was separated as described above. FEB
plasma and liver concentrations were determined.

Validation
The US FDA guidelines for bioanalytical method validation were followed for method validation [25].

Selectivity

Matrix interference was checked after analysis of six blank human plasma samples and blank rat liver homogenate
samples that were obtained from different sources.

Accuracy, precision & recovery

Plasma and liver homogenate samples were fortified with IS and the studied drugs at different concentration levels
(including their LLOQs) namely: 0.01, 1 and 3 pg/ml for the analysis of FEB in plasma or liver homogenate and
0.02, 1.8 and 4 pg/ml for the analysis of DIC in plasma. Six replicate analyses were conducted on 1 day or on
various days to assess accuracy and intraday precision or interday precision, respectively. Regarding recovery testing,
low, medium and high concentration levels of the studied drugs were analyzed and the obtained peak area ratios
were compared with unextracted standards.

Linearity, range & sensitivity

Calibration graphs were constructed by preparation of blank sample, a sample fortified with IS (zero sample), in
addition to six plasma or liver homogenate samples fortified with the studied drugs (in addition to IS) within
concentration ranges listed in Table 1, including their LLOQs. These samples were chromatographed, and the peak
area ratios of each drug and the IS were constructed versus the corresponding drug concentration to obtain the

calibration graph for each drug,.

Reproducibility

Three replicate analyses of the QC samples and three real samples were performed.
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Stability

For conducting stability studies, low and high plasma and liver homogenate QC samples were prepared in triplicates
under various conditions and were compared with freshly prepared quality control samples. These conditions include
three freeze-thaw cycles (freeze at -20°C then thaw at room temperature for three cycles), bench-top stability testing
for 6 h at room temperature and long-term stability testing for 35 days at -20°C. In addition, stability of FEB, DIC
and CEL stock solutions were tested after being kept for 30 days at 4°C or for 6 h at room temperature. Moreover,
processed sample stability was assessed by keeping the extracted samples for 12 h in the autosampler at 4°C.

Results & discussion
Method development
Optimization of the chromatographic conditions

The different chromatographic conditions were carefully studied and optimized to achieve good separation of the
two drugs from each other, from the IS, from endogenous matrix components and from metabolites, within a
suitable run time. Several trials were carried out to select the optimum stationary phase, mobile phase, IS and the
detector wavelength settings.

Various types of columns were tried, including Agilent (SHC-C18 [2], 150 x 4.6 mm), Perkin Elmer (sphere-5,
RP-18, 220 x 4.6 mm), Perkin Elmer (sphere-5, RP-8, 220 x 4.6 mm) and Agilent Zorbax (SB-C18, 4.6 x
250 mm, 5 pm). Zorbax (SB-C18) column achieved the best results with respect to peak shape giving Ay in the
range 0.89-0.97 for the two drugs and IS peaks in addition to reasonable run time with K’ values between 1.64
and 3.75. The presence of a carboxylic group and basic nitrogen atoms in both drug molecules directed the HPLC
analysis to acidic pH values to obtain acceptable K’ values and avoid peak tailing. Phosphate buffer, formic and
acetic acids were tried. The use of phosphate buffer resulted in broader peaks (N <2000) and relatively greater K’
values (>5). This was attributed to the ion-pair formation between the protonated nitrogen of the drug molecules
and the phosphate counter anions [26]. Comparing between acetic acid and formic acid solutions as the aqueous
mobile-phase component, the latter resulted in sharper symmetrical peaks with N between 3251 and 12,374 and A¢
between 0.89 and 0.97, respectively, and consequently better resolution (>3.26) was obtained. So, formic acid was
selected and resulted in optimum separation using solutions of pH range of 2-2.3, of which pH 2.1 was selected.

Comparable results were obtained when using methanol or acetonitrile as organic modifier in different percent-
ages. However, methanol was selected as it is a greener solvent [27]. The best results, in terms of resolution (>3.26)
and suitable run time (K’ in the range of 1.64-3.75), were obtained when using methanol-formic acid (pH 2.1) in
the ratio of 76:24, v/v. Ketoprofen, ibuprofen, etodolac, naproxen, piroxicam, losartan and CEL were tried as IS.
CEL was chosen as it exhibited good separation from FEB, DIC and from plasma and liver matrices components.
In addition to having excellent extraction recovery (95.66 % 3.37%). In order to get the maximum sensitivity,
the DAD was programmed to measure each analyte at its hpa: 255, 282 and 315 nm for CEL, DIC and FEB,
respectively. Water and ether were tried for liver homogenization. Better results were obtained in case of aqueous
homogenization where large number of interfering peaks appeared in the chromatograms obtained after using ether
in homogenization.

Optimization of the extraction method

For optimizing the extraction of FEB and DIC from human plasma and rat liver homogenate, both liquid—
liquid extraction and protein precipitation were tried. Liquid-liquid extraction showed percentage recoveries
(89.21 £ 4.65%, 94.56 £+ 5.13% and 96.48 + 2.50% for FEB, DIC and IS, respectively) higher and more
consistent than those obtained from protein precipitation (85.73 £ 6.29%, 80.14 + 7.58% and 86.17 & 6.28%
for FEB, DIC and IS, respectively). Moreover, a better cleanup was attained by liquid—liquid extraction. Both ethyl
acetate and diethyl ether were tried as the extracting solvent. However, diethyl ether exhibited faster evaporation
(reducing sample preparation time) and gave better extraction recoveries, thus it was chosen as the extracting
solvent. Acetic and formic acids were tried for acidification of plasma samples where better percentage recoveries
were attained using formic acid. Using the optimized chromatographic conditions and the extraction method, good
resolution between FEB, DIC and IS, and separation from remaining endogenous plasma and liver homogenate
components was achieved within 11 min (Figures 1 & 2).
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Validation
Selectivity

Figure 1 shows chromatograms of blank human plasma, blank human plasma spiked with studied drugs at
their LLOQs and CEL (IS), in addition to real human plasma sample obtained from one volunteer after oral
administration of FEB/DIC (40/100 mg) combination, also spiked with the CEL (IS). On the other hand,
Figure 2 shows chromatograms of blank rat liver homogenate, blank rat liver homogenate spiked with FEB at its
LLOQ and CEL (IS), in addition to real liver homogenate obtained from one rat after oral administration of FEB
(5 mg/kg)/DIC (10 mg/kg) combination, also spiked with the CEL (IS). No interfering peaks appeared at the
retention times of FEB, DIC or CEL.
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Figure 2. Representative HPLC chromatograms of rat liver homogenate samples at 255 and 315 nm from 0-7.9 and
7.9-11 min, respectively. (A) Blank liver homogenate; (B) blank liver homogenate spiked with Febuxostat (FEB) at
LLOQ and internal standard (IS) at 2.5 ug/ml and (C) liver homogenate obtained after 1 h of oral administration of
FEB (5 mg/kg)/Diclofenac (DIC) (10 mg/kg) combination. Peaks are represented as mAU against retention time. Peak
1, IS; peak 2, DIC; and peak 3, FEB.

mAU: Milli-absorbance unit.

Moreover, selectivity was confirmed by checking the purity of FEB, DIC and CEL chromatographic peaks, in
the extracted samples, recorded by DAD. The overlying of the spectra recorded during the registration of each
chromatographic peak (three points) indicates the purity of the peaks (Supplementary Figures 1 & 2). For more
confirmation of the peak purity, the similarity curve was plotted using all the spectra acquired during the elution
of each peak, rather than only three points (Supplementary Figures 1 & 2). The calculated purity factor for each
peak of the three drugs was within the purity threshold limit (990< purity factor <1000) indicating peak purity
of the studied drugs. The results obtained from peak purity tests indicated the absence of any interference from
endogenous plasma and liver homogenate components or drugs’ metabolites, proving the high degree of reliability
of the proposed method.
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Accuracy, precision & recovery

The percentage recovery and RSD% values did not deviate by more than 15% even at the LLOQ levels, indicating
high accuracy and precision of the developed HPLC method. The method showed maximum E, % values of -4.39
and -6.45% for the analysis of FEB and DIC, respectively, in human plasma and -9.90% for FEB determination in
liver homogenate. Intraday RSD% values did not exceed 7.80 and 7.09 for FEB and DIC, respectively, in plasma
and 6.53% for FEB in liver homogenate. On the other hand, interday RSD% values did not exceed 11.92 and
13.14 for FEB and DIC, respectively, in human plasma and 13.80 for FEB in liver homogenate. The detailed
results are presented in Supplementary Table 3. In addition, the mean extraction recoveries from human plasma
were found to be 89.21 + 4.65% and 94.56 % 5.13% for FEB and DIC, respectively. The extraction recovery
for the IS was found to be 96.48 £ 2.50%. Regarding the rat liver homogenate, the mean extraction recoveries of
FEB and IS were 84.07 = 3.96% and 101.59 % 1.83%, respectively. The obtained recovery values were consistent,
precise and reproducible, providing reliable determination of both drugs in human plasma or rat liver homogenate.

Linearity, range & sensitivity

All samples, used for establishment of the calibration curves, were back-calculated and were found to be £20%
(for LLOQ) or £15% (for other concentrations) of their theoretical values. Such values indicated reliability of
the obtained linearity parameters (Table 1). Good linear relationships between concentrations of the investigated
analytes and the corresponding relative peak areas were concluded from the calculated correlation coefficient values,
which were >0.999 in addition to small standard deviation of the intercept (S,), slope (Sp) and residuals (S, /),
Table 1. In addition, the RSD% of the slope (S, %) was calculated and it was <2% indicating that there are no great
variation between the individual slope values at each point used for construction of the calibration graph (Table 1).
Moreover, high variance ratio F-test values with very small significance-F values were obtained indicating that the
mean of squares due to regression are extremely higher than the mean of squares due to residuals (Table 1). LLOQ
was determined as concentration with signal:noise ratio of 5:1 and was found to be 0.01 and 0.02 pg/ml for FEB
and DIC, respectively, in human plasma or rat liver homogenate. Such concentration limits provided sufficient
sensitivity that allowed investigation of pharmacokinetic interaction between single doses of FEB and DIC, with
respect to the reported blood levels of both drugs.

Reproducibility
Excellent RSD% values were obtained in plasma (<1.94% for FEB and <2.15% for DIC), while the RSD% was

less than 2% for the determination of FEB in rat liver homogenate. Nevertheless, the RSD% values of re-injection
did not exceed 1.85, indicating high reliability of continuing analysis in case of instrument interruption.

Stability
Stability of the investigated drugs was assessed in the cited matrices and conditions (Table 2). The concentrations of

the drugs in all samples, involved in the stability studies, were back-calculated and found to be acceptable (£10%
of their theoretical values), Table 2.

System suitability testing
The system suitability tests were performed according to the United States Pharmacopeia (USP) [28]. The calculated
parameters were found to be acceptable (Table 3).

Pharmacokinetic drug-drug interaction study
Different pharmacokinetic parameters observed for each of FEB or DIC when given alone were in the range of values
previously reported in the literature (Table 4) [3,4,6,29-31]. As shown in Figure 3, concomitant oral administration
of FEB and DIC led to a significant alteration of the plasma concentration profile of FEB. Initially, over twofold
increase in FEB maximal plasma concentration was observed, Table 4. The observed increase in Cy,, was associated
with an equivalent increase in AUC 0-24 (Table 4). As expected, the increase in AUC 0-24 was coupled with
a reduction of the FEB elimination rate constant and an increased t;/, and reduced clearance. As well, this was
associated with a reduction of the calculated V4. On the other hand, while there was no increase in C,,,x of DIC
upon coadministration, similar changes in clearance, elimination rate constant and t;, were observed.

The enhanced AUC and the observed decrease in elimination rate constant and clearance together with the
accompanied increases in t;/, could be explained on the basis of the reported potent inhibitory effect of DIC on
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Table 2. Stability of febuxostat and diclofenac in human plasma and rat liver homogenate using the proposed HPLC-DAD

method (n = 3).

Stability Human plasma (matrix) Rat liver homogenate (matrix)
FEB DIC FEB
0.037 3.001 0.06" 4.007 0.03f 3.007
Freeze and thaw stability
Recovery% 103.10 96.72 97.84 99.00 90.56 93.18
RSD % 2.41 1.59 3.80 2.06 4,07 2.59

Bench-top stability

Recovery% 93.56 95.22 95.19 104.38 92.40 95.67
RSD% 1.93 2.70 3.43 1.78 6.74 5.12
Long-term stability

Recovery% 91.38 94.00 92.84 97.60 91.32 95.09
RSD% 3.70 1.18 5.00 2.21 3.26 3.55
Stock solution stability (4°C)

Recovery% 96.72 103.18 98.06 101.54 96.77 93.94
RSD % 1.85 3.20 2.49 0.87 1.80 2.73
Stock solution stability (room temp.)

Recovery% 98.21 97.00 102.95 103.44 105.10 97.14
RSD % 2.43 2.72 3.98 2.00 0.92 2.15
Processed sample stability

Recovery% 102.57 96.35 99.04 101.92 102.68 98.11
RSD% 1.86 0.90 2.89 2.16 1.54 3.07

T Concentration in png/ml.
DIC: Diclofenac; FEB: Febuxostat.

Table 3. System suitability parameters for the proposed HPLC-DAD method.

Analyte Rt (min) Capacity factor (K’) Selectivity («) Resolution (Rs) Asymmetry factor Theoretical plates, Injection precision’
(Af) n (plates/m)

Human plasma

CEL (IS) 6.45 2.23 - - 0.89 10,681 1.29

DIC 8.50 3.25 1.32 7.39 0.97 12,374 0.52

FEB 9.50 3.75 1.13 3.26 0.91 11,068 0.83

Rat liver homogenate
CEL (1S) 5.27 1.64 - - 0.97 3980 1.89
FEB 8.49 3.25 1.39 8.05 0.93 3251 1.62

TCalculated as RSD% of five determinations.
CEL: Celecoxib; DIC: Diclofenac; FEB: Febuxostat; IS: Internal standard.

Table 4. Pharmacokinetic parameters of febuxostat and diclofenac following individual and combined oral

administration from in vivo study in eight human volunteers.

Pharmacokinetic parameter FEB FEB in studied combination DIC DIC in studied combination
AUC 0-24 (p1g.h/ml) 3.406 + 0.3156 6.414 + 0.2922F 2.34 + 0.4535 4.005 + 0.287F

Crnax (11g/ml) 0.9725 + 0.09344 2.349 + 0.3477F 1.533 + 0.3085 1.86 + 0.327

K (h") 0.1513 £ 0.0052 0.13 + 0.0038" 0.5363 + 0.0357 0.09625 + 0.0057F

t1/2 (h) 4.633 + 0.1475 5.871 + 0.3243% 1.34+0.1126 7.396 + 0.43641

Clearance (I/h/kg) 0.15 4+ 0.02 0.08 + 0.004" 0.66 + 0.1 0.26 + 0.017

Vq (I/kg) 1.02 +0.12 0.57 + 0.047 137 £0.31 2.81+0.2%

Tp < 0.05 as measured by paired t-test.
DIC: Diclofenac; FEB: Febuxostat; K: Terminal elimination rate constant; V4: Oral volume of distribution.
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Figure 3. Results of the in-vivo studies performed on eight human volunteers (for the determination of FEB and
DIC) or sixteen rats (for the determination of FEB). Mean plasma concentration versus time curves following
individual and combined oral administration of 40 mg FEB (A) and 100 mg DIC (B) from the in vivo study in eight
human volunteers. The inset represents mean serum concentration changes in the first 4 h of treatment.

DIC: Diclofenac; FEB: Febuxostat.

all glucuronosyl transferase (UGT) isoforms (7], which constitutes the major enzymatic pathway involved in the
hepatic metabolism of FEB [s]. However, this potential interaction is not sufficient to justify the initial increase
in FEB plasma concentration when given with DIC in the early absorption phase together with the reduction in
the apparent volume of distribution. Indeed, both observations could be reconciled with a possible reduction of
tissue uptake and distribution. Decreased hepatic uptake would be of particular relevance given the early increase
in FEB plasma concentration upon combined administration with DIC. Significantly, DIC was reported to inhibit
hepatic OATP (9], and thus could possibly preclude liver uptake of anionic drugs. This assumption was tested by the
experiments conducted in rats. Similar to human results, the DIC/FEB combined administration was associated
with an increased plasma concentration at the 60-min time point (Figure 4). However, FEB liver concentration was
reduced in the rat group receiving DIC, indicating a possible reduction in hepatic uptake (Figure 4). This particular
interaction mechanism would explain the much larger effect observed in this study compared with the changes in
FEB pharmacokinetics observed upon coadministration with other NSAIDs also known to inhibit UGT. Under
these circumstances, the likelihood of incidence of FEB adverse effects increases upon its combination with DIC
compared with other NSAIDs.

On the other hand, changes in the pharmacokinetic parameters of DIC upon combined oral administration
cannot be directly explained based on the reported data. While FEB was reported to have a mild inhibitory effect
of the liver microsomal enzyme CYP2D6 31], DIC is metabolized mainly by CYP 3A4 and 2C9 321. Whether the
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Figure 4. Results of the in-vivo studies performed on 2o *
eight human volunteers (for the determination of FEB o= 0.4+
and DIC) or sixteen rats (for the determination of FEB). SR
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* p < 0.05 as measured by unpaired t-test.
DIC: Diclofenac; FEB: Febuxostat.

competition for UGT and/or OATP can produce the observed change in DIC parameters remains to be confirmed.
Granted, there is no direct evidence as of yet implicating FEB as an OATP substrate or describing competition
kinetics with other drugs taken up by tissues via this transporter protein.

Comparison with reported methods

Compared with reported methods, this study represents the first report for a full pharmacokinetic interaction
study between FEB and DIC in humans, in addition to studying the effect of DIC on FEB distribution to liver,
using liver homogenates in rats. No previous attempts to conduct such a study were described. Only one HPTLC
method has been reported for the simultaneous determination of FEB and DIC in plasma [21] which involved
measurement of the two drugs at one time point only, 1 h after their coadministration, and did not report the
full PK profile of the two drugs. Significantly, the proposed HPLC method showed about tenfold better sensitivity
along with ease of automation compared with the former method [21]. Other reported chromatographic methods
involved the determination of either FEB or DIC alone in biological samples [13-20], making them unsuitable
for simultaneous determination of both drugs in a single run like the proposed HPLC method to decrease the
analysis time, which is essential in a pharmacokinetic interaction study. While some LC-MS/MS methods [20] or
HPLC method with electrochemical detection [13] showed better sensitivity than the proposed method for single
component determination of either FEB or DIC, respectively, this came at the expense of cost or the need of a
specific detector and unavailability in all laboratories, especially in developing countries. Moreover, the proposed
method exhibited comparable [19] or better [14-18] sensitivity compared with most of the reported methods for
determination of either FEB or DIC alone. Regarding the methods reported for the simultaneous determination of
FEB and DIC in dosage forms [13-16], none of them was applied for the determination of both drugs in biological
samples to ensure separation of the drugs from their metabolites and endogenous plasma components.

Conclusion

Drug interactions among urate-lowering therapy and NSAIDs in patients with gout are relevant given the painful
inflammatory manifestation of the disease. Previous studies showed variable effects of different NSAIDs on the
pharmacokinetic profile of FEB (30,33]. The effect of DIC, being a widely prescribed NSAID, on the pharmacokinetic
disposition of FEB was not described. The present study represents the first attempt for the simultaneous estimation
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of FEB and DIC in human plasma. The novel method was successfully validated according to the FDA guidance. Its
specificity, sensitivity and simplicity allowed its application for the study of possible pharmacokinetic interactions
between FEB and DIC in healthy male volunteers. Concomitant administration of FEB and DIC led to large
increases in FEB C,,,, suggesting a potential interference with its tissue distribution, unlike mild changes of
FEB pharmacokinetics reported in a previous study with naproxen. The present results highlight the potential for
significant differences in the pharmacokinetic interaction profile among members of the same therapeutic class and
emphasize the importance of individual pharmacokinetic assessment, especially for drugs used in combined dosage
forms.

Future perspective

Pharmacokinetic assessment of coadministered drugs is necessary to detect any alteration in disposition of individ-
ual drugs upon concomitant use. Such an alteration may warrant dose or regimen adjustment or increased clinical
vigilance for side effects and/or lack of efficacy. HPLC-DAD represents an excellent analytical tool alternative for
more complicated chromatographic instruments (LC-MS, GC-MS, LC-MS/MS, etc.) having emerging applica-
tions especially in developing countries, with limited health resources. It is easily automated and allows for the best
selection of wavelength(s) for actual analysis with better wavelength reproducibility compared with conventional
UV detectors. In addition, peak purity is assessed to reveal whether it corresponds to one or more components by
using absorbance rationing at several wavelengths. This is advantageous in analysis of biological samples to confirm
absence of interference from drug metabolites or endogenous plasma components. HPLC-DAD could be widely
used in many clinical applications including pharmacokinetic studies of coadministered drugs or peak/trough drug
blood levels necessary to modify therapy.

Summary points

e Treatment of gout usually involves urate-lowering therapy in addition to anti-inflammatory and analgesic
medication to control joint pain.

e NSAIDs exert a potent inhibitory effect on uridine diphosphate glucuronosyl transferase that is a major route for
febuxostat (FEB) metabolism, potentially altering FEB pharmacokinetics. Prior work on naproxen showed an
interaction that was not clinically significant.

e In addition to the above-mentioned mechanism, diclofenac (DIC) potentially interferes with FEB pharmacokinetics
through an additional mechanism comprising the inhibition of organic anion transporting polypeptide possibly
precluding FEB liver uptake and distribution. However, the DIC/FEB interaction was not previously studied.

e Asimple, sensitive and selective HPLC-DAD method for the simultaneous determination of FEB and DIC in human
plasma and rat liver was developed to study the possible pharmacokinetic interaction between single doses of
FEB (40 mg) and DIC (100 mg).

e According to the US FDA guidelines, validation data confirmed good precision, accuracy and adequate sensitivity
of the method without interferences from endogenous components of plasma or drug metabolites.

e Different pharmacokinetic parameters observed for each of FEB or DIC when given alone were in the range of
values previously reported in the literature.

e Concomitant administration of FEB and DIC led to a significant alteration of the plasma concentration profile of
FEB with over twofold increase in Cyax and AUC in addition to decreased hepatic uptake of FEB, which was
studied in rat liver homogenates.

e Pharmacokinetic interactions with FEB vary from one NSAID to the other. While naproxen does not produce
clinically relevant alteration, coadministration of DIC has a potentially more serious interaction.
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