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MEPIAHWH

ZKOIMOZX: H exTipnon tou delktn dlamepaTdTNTAC TOU APBPIKOL LPEVA ATTO TN OEAEKOEIUTIN KAl
TNV ETOPIKOEIUTN 0 aoBeveiC pe pAeypovwdn apBpiTida Kat N cLOXETION Tou SelKTN AUTOU PE TNV
OTTTIKY) avaAOyIKr BaBpoAoyia ridvou (VAS). MEO@OAOI: AcBeveic pe oAy apBPIKoD LyPOL OTNV
ApBpwon ToL yOVATOC TuXAIOTIOINBNKAV ava NAIKIA Kat TO GUAO oe TPEIC opadeg (N=17) N KaBepia:
NV opAda TNC OEAEKOEIUTING, TNV OPAdA TNG ETOPIKOEIUTING Kal TNV opdda eleyxou. Ot dOoeIC ATav
100mg 6LO GOPEC TN PEPA OTNV OpAda TNG oeAeKo&UNNG, 90mg pia ¢opd TNV NUEPA OTNV OpAda
NG ETOPIKOEIUTING KAl EVW N opada eAeyxou dev EAae kapia aywyr). Ot CUPUETEXOVTEC EKTIUNOAV
™ BaBpoAoyia VAS, kail Ta SelypaTa aipaTtod Kal apBpikol LYPoL CUMEXBNKAV OTN BACIKr YOauUn
KAl EMTA NUEPEC APYOTEPA KATA TOV XPOVO Crax VIO KABE PApUaKO. Ta ertineda 0eAeKOEUTING
KAl ETOPIKOEIUTING TIPOoCdlopioTNKaY o Selypata opoL Kal apBpikoL bypoL ard UPLC oculeuypévo
pye ICP-MS. H tavtoroinon twv evwoewv Oiegnxon pe QTOF-MS. ANMOTEAEZMATA: Meta
arod TPOCSIOPIOUO CLYKEVTPWONG PAPHUAKWY 0oL KAl APBPIKOD LYPOU, O EKTIUWHEVOC OEIKTNG
duiartepatodTnTac NTav 23,3% (SD 32,8) yia TN oeAekotiumn kat 49,5% (SD 21,1) yia v etoricoxib, (p
=0,031). 211G 2 opadeC aviXveLBNKE OTATIOTIKA ONUAVTIKN peiwon Tou tovou VAS (p <0,001), al\&
HOVO OPIOKA OTnV opada ereyxou (o = 0.047). H eTOpIKOEUTIN ATAV QvWTEPN OE OUYKPIoN UE TN
OENEKOEIUTIN OTN pEiWOoN TOL TIOVOUL, OTIWC TIPOCdOPICeTaramnd VAS (p = 0.02). Aev BpEBnKe CUOXETION
pETAED ToL O¢giktn dieiocduonc TNC aPBPIKAG peuBpavng, ouTe
ota ¢appaka, oute otn BeAtiwon tou novou. ZYMIMEPAZMA:
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In vivo study of the synovial membrane penetration index from celecoxib and etoricoxib
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ABSTRACT
OBJECTIVES: To estimate the synovial membrane penetration index of celecoxib and etoricoxib,
and determine their impact on pain visual analogue score (VAS). MATERIAL AND METHODS:
Patients with inflammatory synovial fluid accumulation of the knee joint were randomized in three
age- and gender-matched groups of 17 patients each: the celecoxib treated group, the etoricoxib
treated group, and the control group. Dosages were 100mg b.i.d. for celecoxib, 90mg o.d. for
etoricoxib, and no medication in the control group. The participants completed the pain VAS, and
blood and synovial fluid samples were collected at baseline and seven days later at the time of Ciax
for each drug. Celecoxib and etoricoxib levels were determined in serum and synovial fluid samples
by UPLC coupled to ICP-MS. Identification of compounds was performed by QTOF-MS. RESULTS:
After serum and synovial fluid drug concentration determination, the estimated penetration index
was 23.3% (SD 32.8) for celecoxib and 49.5 % (SD 21.1) for etoricoxib, (p=0.031). In the 2 coxib
groups, statistically significant reduction of pain VAS was detected (p<0.001), but only marginally
in the control group (p=0.047). Etoricoxib was superior compared to celecoxib in reducing pain, as
determined by VAS (p=0.02). No correlation was found between the synovial membrane penetration
index of either drug and pain improvement. CONCLUSION:
Etoricoxib had a better penetration index in the synovial fluid
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Athina Theodorcou, MD, PhD and stronger analgesic effect than celecoxib in the dosage
Rheumatologist used in patients with active inflammatory arthritis.
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INTRODUCTION

Celecoxib was classified as the first generation coxib
licensed in 1999, whilst the rest of coxibs were clas-
sified as second generation coxibs. Coxibs belong
chemically to different chemical classes such as sulfon-
amides (celecoxib, parecoxib and valdecoxib), methyl-
sulfones (etoricoxib) or products of phenyl acetic acid
(lumiracoxib).”? All these compounds have structural
similarities to classic non-steroidal anti-inflammatory
drugs (NSAIDs). The differences in their physicochem-
ical characteristics may affect their pharmacokinetics
and the variety in their actions and adverse reactions.®#
Data emerging from pharmacokinetic and pharmaco-
dynamic studies helped in determining the dosage of a
drug. Usually, pharmacokinetic and pharmacodynam-
ic studies are performed using blood sera, although
drugs act at the level of target tissues and not at the
level of serum. The distribution of a drug in tissues has
attracted less attention, mostly due to ethical reasons
and difficulties in accessing the tissues, hence it is
mentioned as the “forgotten relative” of clinical phar-
macokinetics.® The pharmacokinetic parameters of a
drug depend on its absorption, biocavailability, tissue
distribution and excretion. Its action and adverse re-
actions are correlated with plasma concentrations and
tissue distribution.*® Most NSAIDs, even these with
short half-lives, are distributed slower in joint fluid than
in plasma, while synovial fluid concentrations are more
steady with fewer fluctuations compared with plasma
concentrations. This fact may explain the sustained ac-
tion that these drugs exhibit in joints compared to the
action expected based on their half life time.”'° After
p.o. administration, the less lipophilic Celecoxib has
bioavailability 20-40%?2 ' and maximum concentrations
(Cmax) at 3 hours. Steady state conditions are achieved
after 5 days maximum using a bid dosage. Celecoxib
is metabolized via cytochrome P450 enzyme CYP2C9
into 3 inactive to cycloxygenase metabolites.>'3 There
are CYP2C9 polymorphisms, with variable actions on
celecoxib metabolism and adverse reactions.? 1416
Etoricoxib’s pharmacokinetic is linear to its dosage. It
is absorbed fast and its bioavailability reaches 100%.2
Crax is achieved at 1 hour after p.o. administration and
steady state conditions are reached in 7 days.'>'":18
The aim of this study was to determine serum and sy-
novial fluid concentrations of celecoxib and etoricoxib
in patients with inflammatory arthritis and synovial fluid
accumulation in knee joint, and estimate their synovial
membrane penetration index (Pl). We will also compare
celecoxib’s and etoricoxib’s impact on pain control,
and determine the correlation of their Pl of synovial
membrane with pain reduction.

MATERIALS AND METHODS

Study population

Patients were invited to participate in the study during
regular visit to the rheumatology clinics of our hospital.
Ninety-eight patients were screened. The inclusion crite-
ria were as follows: 1) age 18-80 years, 2) fluid accumu-
lation in a knee joint (monoarthritis) of a patient with a di-
agnosis of an inflammatory arthritis, such as rheumatoid
arthritis, psoriatic arthritis, seronegative spondyloarthri-
tis, undifferentiated arthritis, or inflammatory osteoarthri-
tis, 3) synovial fluids (SF) WBC >2000/mm?. The exclu-
sion criteria were: 1) septic arthritis diagnosed either at
baseline or during follow up, 2) treatment with biologic
agents and treatment changes of disease modifying an-
ti-rheumatic drugs (DMARDs) in the last two months, 3)
treatment with NSAIDs in the last 2 weeks before study
entry, 4) any kind of inflammation in the body either this
might be of infectious etiology or not, 5) intraarticular in-
jections of any kind in the knee from which synovial fluid
was drown in the last two months, 6) history of hyper-
sensitivity to aspirin, coxibs, or other NSAID. 7) Surgical
intervention of the knee in particular the last 6 months
before study entry, 8) knee trauma within the last six
months, 9) SF values of WBC <2000/uL or > 50.000/uL
at the first study visit.

From the 98 patients screened, 66 fulfilled inclusion
and exclusion criteria. Out of the 66 patients, only 51
completed the study (1 patient had septic arthritis two
days after first visit, 2 were lost to follow-up, and 12
did not have enough synovial fluid at second visit). No
change of concomitant medications was allowed to
patients of all groups and use of paracetamol as a res-
cue drug was only allowed to group C patients, and
was discontinued 48 hours before the second visit.
During the first visit, a detailed medical history was tak-
en and a physical examination of the patients was per-
formed. Also, a VAS for knee pain was completed by
the patients. Then, knee joint aspiration was performed
and 10ml blood was collected from every patient, using
21g needle syringes. The knee aspiration was diagnos-
tic at first visit (differential diagnosis from septic arthritis
in all cases). Immediately after aspiration, SF was cul-
tured, a cell count and differential was carried out, and
at least 5ml of synovial fluid were centrifuged in hepa-
rinized tube and were stored at -70. Blood serum was
also stored at -70. After that, every patient randomized
into three age- and gender-matched groups: In group
A, patients received celecoxib 100 mg b.i.d; in group
B, patients received etoricoxib 90 mg 0.d; and in group
C, patients received no NSAID, and started the appro-
priate treatment. Control group received no NSAID or
drug other than allowed by protocol; whereas parac-
etamol was allowed as a rescue drug, only to be dis-
continued 48 hours before second visit. Patients came
back for the second visit 7 days later so that steady
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state conditions could be achieved. We repeated the
same procedures as during the first visit, 3 hours after
the morning dose of celecoxib and one hour after the
daily dose of etoricoxib, in order to have Cya Of the
study drugs according to their known pharmacokinet-
ics. The serum and joint fluid collection were done in
steady state conditions in all cases.

This protocol was approved from our hospital Ethical
Committee. Patients were seen during scheduled vis-
its, were fully informed and had consented, according
to the ethical principles of the declaration of Helsinki.

METHODS

Determinations of Celecoxib and Etoricoxib Concentra-
tions in Joint Fluid and Serum were performed as ana-
lytically described in our previous paper.'® Briefly, High
Performance Liquid Chromatography was coupled to
Inductively Coupled Plasma Mass Spectrometry for the
measurement of Sulphur-containing compounds such
as both drug compounds. Ultra Performance Liquid
Chromatography was coupled to Quadrupole Time of
Flight Mass Spectrometry for quantitative determina-
tions and detection of drug metabolites.?-22
Penetration index of the study drugs was determined
in every patient according to the following form: pen-
etration index=joint fluid concentration/serum concen-
tration x100.

Statistical analysis

For data presentation, descriptive tests like mean value
and standard deviation were used. When comparison
was between the 3 study groups, Kruskal-Wallis was
used, and when comparison was between the first and
second visit, the measurement of the same variable of
a particular study group by Wilcoxon test was used for
statistic control. For correlations analysis, Pearson’s cor-

Table 1. Demographic Data

relation coefficient was used. Analysis of data was pro-
cessed by SAS 9.1.3 software (SAS Institute Inc., Cary,
NC, USA). Level of significance was determined at 0.05.

RESULTS

Patients were equally distributed to the 3 groups ac-
cording to gender (p=0.165) and age (p=0.19). There
were statistically significant differences between the 3
groups according to the BMI (p=0.01), with the con-
trol group having BMI 28.1 compared to the BMIs of
the celecoxib and etoricoxib groups, which were 25.91
and 24.77, respectively (Table 1).

Determination of serum and synovial fluid con-
centrations and penetration index of celecoxib
and etoricoxib

All patients in all groups had 1 blood and 1 synovial flu-
id sample from both first and second visits. Celecoxib
was determined in all 17 serum samples in concentra-
tions varying from 0.346 to 1.855 ug/mL, and in only
6 of the 17 synovial fluid samples in concentrations
varying from 0.333 to 0.789 pg/mL. Etoricoxib was de-
termined in all 17 serum samples and in all 17 synovial
fluid samples in concentrations varying from 1.023 to
3.301 pg/mL and from 0.494 to 2.292 pug/mL, respec-
tively. A statistically significant difference between the
two drugs was found regarding the penetration index
of the synovial membrane, with etoricoxib having the
better penetration (Table 2).

Evaluation of pain VAS

Table 3 shows the mean values of pain VAS at visit 1
and visit 2 (before and after study drug treatment). A
statistically significant pain VAS reduction was detect-
ed in the celecoxib (p<0.001) and etoricoxib (p<0.001)
group and in the control group (p=0.047). Table 4

Celecoxib Etoricoxib
Parameter Control group o}
group group
Gender male 5(29.41) 9 (562.94) 4 (23.53)
0.165
n (%) female 12 (70.59) 8 (47.06) 13 (76.47)
Age
56.18 (17.4) 57.18 (19.2) 67.35 (9.9) 0.19
Mean value (SD)
BMI
25.91 (6.5) 24.77 (3.1) 28.51 (2.7) 0.010

Mean value (SD)

n: number, BMI: body mass index, SD: standard deviation
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Table 2. Celecoxib’s and etoricoxib’s concentrations and penetration index.

Parameter

Celecoxib group (n=17)

Etoricoxib group (n=17)

Concentrations of

No of patients with drug detection/
total No of patients

No of patients with drug detection/
total No of patients

drug (range of concentrations) (range of concentrations)
Serum 17/17 17/17
(0.346-1.855 pg/mL) (1.023-3.301 pg/mL)
Joint fluid 617 A
(0.333-0.789 pg/mL) (0.494-2.292 ug/mL)
Penetration index Mean value (SD) Mean value (SD) o]
Values on % 23.3 (32.8) 49.5 (21.1) 0.031

Table 3. Mean values of visual analogue scale (VAS) in mm, according to study group, in the first and second visit
(before and after drug treatment).

parameter Celecoxib group Etoricoxib group® ControlsY
pain Vas mean value (SD) mean value (SD) mean value (SD)
15t visit 60 (25.09) 62.76 (19.25) 50.47 (18.29)
2 visit 42.65 (29.45) 36.71 (20.10) 46.82 (16.98)
a: p<0.001, B: p<0.001, y: p=0.047.
Values are in mm.
Table 4. Changes of pain VAS from 1t to 2" visit and comparison between groups.
Change of VAS of Celecoxib group Etoricoxib group Controls
pain

mean value (SD) mean value (SD) mean value (SD)

(values on mm)

17.4 (15) 26.1 (13.8) 3.6 (7.0)
Comparison Celecoxib Celecoxib Etoricoxib Celecoxib/Etoricoxib
between groups /etoricoxib /controls /controls /Controls
P 0.02 0.002 <0.001 p<0.001
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Table 5. Correlation between changes of pain VAS from 1st to 2nd visit and synovial fluid penetration index in
celecoxib and etoricoxib groups. Negative values correspond to reduction of pain VAS on second visit.

Celecoxib group penetration index

Etoricoxib group penetration index

Parameter
correlation coefficient r p correlation coefficient r p
Pain VAS -0.23 0.91 -0.01 0.65
changes

shows changes of pain VAS from the first to the second
visit in all the 3 study groups. Statistically significant
differences in pain reduction were found in the cele-
coxib or etoricoxib groups compared with the control
group (p=0.002 and <0.001, respectively). Pain VAS
reduction was more pronounced in the etoricoxib than
celecoxib group (p=0.02).

Correlation of synovium penetration index with
pain VAS change

As shown in Table 5, no correlation between pain VAS
changes and synovial fluid penetration index for cele-
coxib (p=0.91) and etoricoxib (p=0.65) was detected.

DISCUSSION

Generally the synovial fluid concentration of most
NSAIDs in steady state conditions is 60% of its plasma
concentration due to the lower albumin concentration
in synovial fluid.2®> Human studies on determination of
synovial fluid Pl of NSAIDs?* have been performed for
oxyphenbutazone (Pl, 57,1 + 13,4%), phenylbutazone
(P1, 55-100% in rheumatoid arthritis patients and 50%
in osteoarthritis patients), meloxicam (Pl, 47% after
just a single dose), piroxicam (Pl, 39%) and tenoxi-
cam (PI, 42-71%.25-%° Human pharmacokinetic studies
using other parameters have been performed in the
synovial fluid with thiaprofenic acid,®' alminoprofen,
indomethacin,®® lozonolac,® meloxicam,® salicylic
acid® and from the coxib lumiracoxib,® with excellent
results, especially for lumiracoxib, regarding the diffu-
sion of the drugs in the synovial fluid. Soren reported®
that the diffusion of salicylic acid in the synovial fluid
differs depending on the histopathology of the syno-
vial membrane. Regarding celecoxib, the only phar-
macokinetic study on synovial fluids to our knowledge
is that of Hunter et al.,*” who determined celecoxib’s
penetration in greyhounds’ joints. Celecoxib was de-
termined in all synovial fluids one hour after per os ad-
ministration, while synovial concentrations of the drug
were constantly less than those in serum except in sy-
novial fluid samples drawn 24 hours after the last p.o.

dose.® To our knowledge, there are no studies either
on etoricoxib’s penetration in synovial fluid or celecox-
ib’s and etoricoxib’s estimation of penetration index in
synovial fluid in humans. Moreover, in none of these
studies correlations of penetration or pharmacokinetics
in synovial fluid, with NSAIDs effect on pain VAS have
been reported.

In the present study, the presence of target molecules
in the clinical sample was certified with the analysis of
samples by Q-TOF-MS. Analysis in QTOF-MS provides
full scan MS and MS-MS data which offers additional
information about the analyzed samples and enhanc-
es the identification potential of the method. Recent
developments in this technology offer features that
enhance drug metabolism and pharmacokinetic analy-
sis, providing full product spectra, high specificity and
sensitivity.'%22 Using this highly specific and sensitive
method, we found that etoricoxib was detected in all
synovial fluid samples whereas celecoxib only in 6, and
the PI of etoricoxib was statistically significantly higher
than that of celecoxib. This diversity in the penetration
capability can be attributed to their different chemical
structure as mentioned in the introduction.

Regarding celecoxib, an interesting study of Hunter
et al. in greyhounds® hypothesized that the decrease
in Cmax and area under the curve (AUC) of celecoxib
that was noticed after the 10" day of treatment was
attributed to a reduction of drug absorption from the
intestine due to competitive absorption of an recircu-
lated metabolite, or to a change in the capsule solubil-
ity in the stomach and small intestine, or to a change
in drug metabolism during its first pass from the liver.
During first pass from the liver a proportion of the drug
is metabolized by the respective enzyme and the rest,
which is the active part, enters the systemic circulation.
In an in vitro study it has been found that there are two
different cytochrome P450 (CYP450) phenotypes in
humans: the one that metabolizes slowly and the one
that metabolizes fast,'® and several polymorphisms of
the CYP2C9 which is the main enzyme that metaboliz-
es celecoxib.' Thus, diversions on phenotype CYP450
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between people or probably the ability of celecoxib to
induce the CYP450 enzyme, explain the lower bio-
availability of this drug the 10" day of administration
compared with the 1%t day in Hunter’s study. Celecox-
ib has been reported to inhibit isomorphic CYP2D6 in
humans.® The theory of CYP450 polymorphism or of
the induction of a CYP450 isomorph from celecoxib,
could possibly explain the fast metabolism during its
pass from the liver and its fast removal from the circu-
lation before it enters in the joint compartment in some
individuals who participated in our study. Etoricoxib is
metabolized by a different enzyme. Moreover, it could
be that an unknown celecoxib metabolite contributes
to its penetration in the joint fluid. Our finding that ce-
lecoxib was not detected in all synovial fluids, probably
relates either to the lower ability of its molecule to pen-
etrate the synovial membrane, or a property of its mol-
ecule to penetrate it on a delayed fashion. We mea-
sured the concentrations of the study drugs, both in
serum and synovial fluid, at a time point respectively to
their Crax in blood according to their known pharmaco-
kinetics® which are: 1 hour after etoricoxib dose, and 3
hours after the morning dose of celecoxib. It is possible
that celecoxib and/or etoricoxib synovial fluid levels in-
crease later. In most patients suffering from rheumatic
diseases, clinical response to most NSAIDs has little
correlation with their plasma concentration. It has been
reported in some studies that synovial fluid of patients
with arthritis may behave as a peripheral compartment
and thus there is a lag of time between NSAIDs’ sys-
tematic distribution.”92340 Understanding the phar-
macokinetic and possible distribution of an NSAID in
the synovial tissue is important, keeping in mind that
this is an important target for these drugs. Scott et al.®
in their pharmacokinetic study with lumiracoxib have
noted that there was a lag time between plasma drug
maximum concentration and pain remission. They hy-
pothesized that either a significant proportion of the
drug was distributed in another compartment related
to pain, such as the joint, or that an active metabolite
was delayed in plasma. In this same study it was found
that synovial fluid Crax Were gained 3-4 hours later than
plasma Crax, and surpassed plasma Cmax 5 hours after
p.o. drug administration. Thus, synovial fluid concen-
trations were higher than plasma concentrations for
28 hours and therapeutic results of lumiracoxib lasted
more than that expected from its plasma pharmacoki-
netics.®442 Moreover, other studies noted that Cmax Of
some classic NSAIDs, especially those with short half-
life, is reached in synovial fluid later than that in plasma,
and in some cases synovial fluid Crax reached higher
levels and maintained them for a longer period.643-4
Additionally, the inter-individual diversity in synovial fluid
NSAIDs pharmacokinetics and concentration is great.®

We need more studies on NSAID pharmacokinetics to
establish an understanding of celecoxib and etoricoxib
metabolism in plasma and synovial fluid.

The results of pain VAS showed that in the second visit
all the study groups had a statistically significant re-
duction of the VAS (Table 3). Comparing the 2 drugs
(Table 4), we found a statistically significant (p=0.020)
superiority of etoricoxib over celecoxib, in the doses
used, in reducing the pain of patients with inflammatory
arthritis. These results are in agreement with Bingham
et al.*64” Their work is a head-to-head comparison of
etoricoxib 30 mg daily versus celecoxib 200 mg daily
in humans. In these studies, there was no statistical-
ly significant difference on pain control between the 2
drugs. In our study, we used the same dose for ce-
lecoxib (200 mg daily) but a triple dose for etoricoxib
(90mg daily) which is the recommended dose for in-
flammatory arthritis and this might explain our results.
In a recent study on etoricoxib, celecoxib and non-se-
lective NSAIDS for the treatment of ankylosing spondy-
litis, etoricoxib was found to be associated with more
quality adjusted life years (QALYs) compared with the
other NSAIDs.*® In our study, the difference on pain
control between celecoxib and etoricoxib may be not
only due to their different capacity on COX-2 inhibition
(etoricoxib is a stronger inhibitor of COX-2) and the dif-
ferent chemical structure,?but also due to the different
pharmacokinetic properties. As mentioned in the intro-
duction, etoricoxib has better bioavailability than ce-
lecoxib, the celecoxib metabolites are totally inactive,
whereas etoricoxib metabolites may have a weak ac-
tivity as COX-2 inhibitors. Moreover, the enzymes that
metabolize these two coxibs are different.’%®

We found no statistically significant correlation between
VAS changes and the penetration index of the synovial
fluid for the 2 study drugs. A correlation between VAS
change and PI could be anticipated. A possible rea-
son for not doing so was that the drug concentrations
correspond to the total of the drug and not the free/ac-
tive proportion in the synovial fluid that is higher than in
serum. Moreover, we measured concentrations of the
drugs in synovial fluid and serum from only one time
point, respective to the theoretical serum Cax, Which it
is known that is different from the synovial fluid Ciax. On
the other hand, PI was calculated based on the con-
centrations of the original compound and not its me-
tabolites. Celecoxib metabolites are inactive on COX-2,
but etoricoxib metabolites have a weak action. Addi-
tionally, we don’t know their actions on substance P,
cytokine and other pain-related mediators. We should
keep in mind that VAS although easy, and popular is a
subjective pain measure,*® and, therefore, correlations
of pain VAS with Pl are not objective. To our knowl-
edge there is no published study on any NSAID cor-
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relating its Pl with its effect on pain.

To our knowledge, this is the first study that measures
the penetration index of celecoxib and etoricoxib in sy-
novial fluid and the correlation between the penetration
index of these and the reduction in pain. Also to the
best of our knowledge, this is the first clinical study that
utilizes QTOF-MS and ICP-MS analytical methods’® for
the determination or for a pharmacokinetic study of
etoricoxib and celecoxib.®

In conclusion, our study demonstrated that during
steady state conditions etoricoxib 90 mg daily has
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