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Abstract. Qbjective: To evaluate the bio-
cquivalence between two 230 mg-tablets of
fysine clonixinate, Dorixina Forte® (Sicg~
fricd Rhem, Meéxico) as reference product,
and Prestodol” (Farmacedticos Rayere, S.A.,
México) as test formulation. Mcthods: 26
healthy adull female Mexican volunteers re-
ceived a single oral dose of 250-mg lysine
clonixinate under fasting conditions. The
drug was administered [olowing a random-
ized, two-period, two-sequence, crogs-over
design. Twelve serial blood samples were
collected up 10 8 1 after dosing, and clonixin
(CLXY was measured by ultra-performance
liquid chromatography (UPLCY coupled with
tandem mass spectrometry. Decimal loga-
rithm values of Cy,,, and area under the curve
(AUC) were used 1o construct a classic confi-
dence interval at 90% (900 C1), Bioequiv-
alence was established i£90% Cl ot mcan ra-
tios (testreference) fall within the 0.8 - 123
range. Results: Volunteers formed a homoge-
neous population in terms of age {(27.2+ 6.3
years), weight (53,9 £ 6.5 kg), height (1.6 +
0.04 m}, and body mass index (BME) (22,91 £
2.03 kg/m?). Refereice formulation exhibited
the following pharmacokinetics: Cy,, (32.39
+ 8.32 pa/ml); ty, (064 £ 0.2 by AUC &,
{48.92 + 1651 pehvml): (- (E3 2 .24 h)
CLygp (3.6 2 1.99 V), and Vd,,, (10.22+ 2.91).
Concerning  bioequivalence, 90% Cl were:
Caan (8232 - 98790, AUC, ({9459 - 106.29),
and AUC) , (94.61 - 106.42), with a statisti~
cal power of > (.90 at every tested interval.
Conclusions: Thiy single-dose study found
that both 250-mg immediate-release tablets
of fysine clonixinate met the Mexican regula-
tory eriteria for bioequivalence in these vol-
unteers.

In_tro_ducti_on

Clonixin (CLX) is an anti-inflammatory
non-steroidal analgesic drug without narcolic

cilects {NSAIDs) that belongs to the
fenamates family; its salt, lysine clonixinate
{Chemical Absiracts Society (CAS) registry
no. 35837-30-4) is an amorphous white pow-
dersoluble in organic solvents. Itis used to re-
lieve middle to severe episodes of dental pain
[11]. dysmenorrhea [3], post-operative pains
[2], and migraine [10].

The mechanism ol action ol CLX relics on
the blunting of 3-lpoxygenase with dimin-
ishing in the synthesis of the pro-inflamma-
tory 5-HETE[6], and it has also been reported
that CLX exerts an inhibitory effect on the ex-
pression of nitric oxide synthase (NOS) in-
duced, which participate during inflammation
{5]. This selectivity of CLX in 5-lipoxygenase
over cyclooxygenases may explain the lack of
cffect on platelet number and [unction during
its therapeutic use associated with common
NSAIDs [9].

Pharmacokinetic data of CLX are suc-
cinct. The first attempt to determine the meta-
bolic pathways of CLX in humans cimployed
the tritium-labeled drug {81 Tt showed three
main metabolites both in plasma and urine:
5-OH-clonixin; 4-0QH-clonixin and
2'-cthoxyclonixin. Erratic values of plasma
concentrations have been previously reporied
following an intravenous (1V) dose of lysine
clonixinaie solution in 10 children post-sur-
gery [ 71 These authors reported a distribution
volume of ca. 1.3 I/kg, and a dose-dependent
climination half~life between 30 and 50 min.
Serum concentratons were quite sinvlar be-
tween [V and oral administration after 43 min
post-dose:; and arcas under the curve were
also similar, demonstrating high degree of
bioavailability by oral route,
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Although several elinical trials have been
published whose results support the pharma-
cological use of CLX. there is very little re-
garding quantitative methodology for the
measurement of this molecule in body fluids:
thus. its dose-cffect relationship has been es-
tablished mercly by observation.

Obviously. pharmacokinctic data are highly
influenced by the analyticat technique em-
ployed. To date, the few methods reported for
CLX guantification in plasma arc based on
liquid chromatography with ultraviolet detec-
tion [1]. More recently. another method has
been reported for lysme clonixinate measure-
ment in pharmaccuticai formulations [13].
but not lor bioanalytical purposes. Currently.
HPLC coupled with tandem mass spectrome-
try (MS'MS) has become the gold standard
for quantitative analysis of drugs in biologi-
cal samples. due to its high degree of sensitiv-
ity and specificity.

Thus. the aim of present work was to evali-
uate bioequivalence between two 250-mg
tablets of lysine clonixinate in a healthy adult
female population under fasting conditions to
fulfitl the regulatory reguest amd o report
pharmacokinetic data obtained during the
trial. Plasma CLX concensrations were ob-
tained with a fast micro-assay based on ultra-
performance liquid chromatography coupled
with MSMS (UPLC-MS/MS). developed in
our laboratory for Lhis purpose,

§_tqdied formg@tfons

Daorixina
Forte® 250-mg lysine clonixinate tablets
(Sicgfricd Rhein, S.A. de C.V.. México: bateh
Na. 606238: expiration date: fuly 2009),
while the test product was Prestodol™ 250-mg

The reference product was

lysine clonixinatc tablets (Farmace(iticos
Rayere, S.A.. México: batch No. 7779: expi-
ration date: November 2010).

Volunteers
26 female volunteers participated in the
study under the following inclusion criteria:
age between 18 and 45 years: non-smokers:
body mass index (BMI) between 20 and 28
kg:m*: normal clinical history: normal values

350

in laboratory tests (hematology, blood bio-
chemistry, hepatic function, and
analysis): negaiive results for HIV/AIDS.
hepatitis types B and C, and pregnancy urine
test (hascline of all laboratory examinations
were performed | month prior to the begin-
ning of the study): contraceptive treatments
and no breast-feeding were documented prior
the beginning of the study. Exclusion criteria

urine

included any disease state 4 weeks prior to
study, history of alcohol or drug addiction, or
the use of any drug 2 weeks before study initia-
tion. Relirement criteria considered through-
out the study comprised hypersensitivity to
CLX, loss of three or more samples around
C s i0 any period due to blunted catheter. di-
etetic transgression. or vomiting during the
lapse betwcen drug administration and fy,..
Signed informed-consent formats relative to
sereening and study procedures were obtained
from each voluntecr. and the study protocol
was reviewed and approved by the Hospital
General de México Ethics and Scientific
Boards and carried out in accordance with the
Helsinki declaration and related amendments.

Study design

Studies were carvied out with a single
350-mg oral dose of lysine clonixinate
(cquivalent to 160.617 mg CLX); experimen-
tal design was two lreatments. two periods,
1wo sequences. double-blind, cross-over. and
randomized. Trcatment groups were bal-
anced. and volunteers were randomiy distrib-
uted into product administration sequences.
Reference and test products were blinded by
an identification code for both clinicaland an-
afytical phases of the study. Decode was car-
ried out prior to statistical analysis.

Volunteers entered the stucy 12 b previ-
ous to Phase 1 initiation, having dinner at
8:00 pm and an overnight fasting period in
our Clinical Unit facilities. The following
morning, an indwelling catheter was put in
the forearm vein. and a single dose (250-mg
lvsine clonixinate) of cither tablet (reference
or test) was taken with 250 ml of tap water at
8:00 am. Breakfast and lunch were served 2
and 6 h after dose administration. Volunteers
left the Research Center afier sample of 8 h
post-dose and re-entered Phase 2 aftera 6-day
washout period {(day prior to second adminis-
wation) on the same schedule.
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Side ciTects were identified by asking spe-
cific questions to determine the general state
of volunteers. Vital signs (body temperature,
blood pressure, heart rate, and respiratory Ire-
quency} were taken at regular predefined in-
tervals throughout the study using non-inva-
sive electronic devices. Volunteers  were
clinically monitored up 1o 7 days afier the end
of the second phase.

Sample collection

Blood samples of approximately 5 ml
were taken through the catheter into heparini-
zed  vacuwm  tbes (Vacutainer, Becton-
Dickinson, Franklin Lakes, NJ. USAjat 0 h
(prior 10 drug administration) and at 0.16,
0.33,0.5.0.66. 1. 1.3, 2,3, 4. 6. and 8 h afier

dosing. Before sampling collection, 700 plof

blood was discarded, and after sampling, the
catheter was flushed with 1 ml of heparin so-
fution (2 1U'ml in physiclogical saline solu-
tion). Blood samples were placed in crushed
ice and plasima was immediately separated by
centrifugation al 2,520 » ¢ at 4 °C during
10 min. transferred into labeled siliconized
cryogenic vials (Corning. Inc.. Corning, NY.
USA) and stored at -70 °C until CLX
analysis,

Sample preparation and
UPLC-MS{MS ana_ly_si_s

For unknown samples of voluntecrs, cali-
bration curves, and quality control points,
100 pl of plasma were pipetied into 1.5-ml
microcentrifuge tubes, Samples were added
with 30 ul of a solution ol sodium meclo-
fenamate (MCLF 300 pwgiml in methanol:
aqueous 0. 1% formic acid (30 : 30 viv)) ag in-
ternal standard of the technique. Tubes were
vortex-mixed bricfly. and then plasma pro-
teing were precipitated with 300 ul of cold
acctonitrile (4 °C). Samples were vortex-
mixed for 30 see at high speed and centri-

fuged at 13,000 = gat4 °C for 3min, 300 plof

clear supcrnatants werc transferred  into
96-well ~V-bottom™ polypropylene plates
(Corning. Inc.}and placed in the autosampler
for turther injection into the UPLC system.
Quantification was achicved by using a 6-point

calibration curve based on CLX-MCLF peak-

area ratios vs, CLX concentrations in a 17X
weighted linear model.

CLX quantification was done in a Watcrs
Acquity UPLC (Milford, MA, USA) coupled
with & Waters-Micromass Quaitro Micro tan-
dem mass spectrometer {Manchester, U.K.)
employing MassLynx version 4.1 soft-
warc. The analytical column was an Acquity
Shield RP-18 (1.7-um particle size, 100 mm =
2.1 mn L.d.), which was maintained at 40 °C.
Mobile phasc consisted of a mixture of
acetonitrile and aqueous 0.1% formic acid
{30 : 50 v/v) that was pumped at a 430-¢l/min
flow rate. The autosampler was maintained at
10°C, and a volume of' 5 pf persample was in-

jected into the system, The flow was splitin a

t o | ratio. The mass spectrometer was em-
ployed in positive electro-spray ionization
mode (ESI+); CLX and MCLF were moni-
tored through selected reaction monitoring
mode using the transitions of m/z!- 263.17 >
245.09 Th and msz!™ 296.11 > 278.04 Th,
respectively,

Assay validation

The analytical method was validated fol-
lowing criteria established in Mexican regu-
latory guidelines. CLX standard was 99.6%
purc (Y ES-PharmaLtd., Bet Shemesh, Israel)
and MCLF was > 99% pure {Sigma-Aldrich
Co.. St. Louis. MO. USA).

Standard calibration curves were con-
structed by spiking drug-free human-pool
plasima with a known amount ol CLX at con-
centrations of 0.1. 10, 20, 30, 40. and 30
Legsmib. Quality control points at low, medium,
and high levels (0.3, 15, and 33 pg/ml. re-
spectively) were utilized to determine abso-
lute recovery and within- and between-day
precision and accuracy. Selectivity was eval-
uated by preparing lower finvit of quantifica-
tion (LOQ) in lipemic or hemolyzed plasma:
drug-free plasma was also spiked with aspi-
rin, caffeine, chlomphenamine, acetamino-
phen. and butylhyoscine. Finally. stability
{(biological matrix at ~70 °C. bench-top at
room temperature. frecze-and-thaw cveles,
and processed samples inside the auto-
sampler) was also evaluated. All statistical
procedures during validation were performed
using SPSS™ version 12.0 software (SPSS,
Inc.. Chicago. 1L, USA).
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Pharmacokinetics and statistical
analysis

There was no formal sample-size calcula-
tion. The minimum requested by Mexican
Regulatory Guidelines is 24; thus, and con-~
sidering a minimum of dropouts, we decided
to include 26 volunicers. Pharmacokinctic
parameters were calculated by programming
plasma data, a single extra-vascular dose, and
a  non-compartmental model  utilizing
WINNONLINT version 3.2 software (Phar-
sight Co., Mountain View, CA, USA}. Area
under the plasma concentration-time curve
from time zero to 8 h {AUC, ). Arca under
the plasma concentration-time curve from
time zero to infinity (AUC, i), apparent total
clearance of the drug from plasma after oral
administration (CL,p,}, apparent volume of
distribution (Vd,q,}, and mean residence time
{MRT) were software outputs. Maximum
plasma drug concentration (C,,,) and time to
reach maximum plasma concentration follow-
ing drug administration (t,,,) were experi-
mentally obtained by observation of the ki-
netic profiles of each volunteer. The algorithm
employed by softwarc to calculate elimination
hal-life (1,2}, is through a lineal rcgression by
Jeast-squares (rom the terminal logarithm-nor-
mal decay part of the pharmacokinetic profile
(elimination phase); the negative slope of the
curve is the elimination constant (k); tyn =
(In 2¥/k..

Analysis of variance (ANOVA} fora2 x 2
cross-over design was performed on the deci-
mal logarithm (log)-transformed parameters
Caxs AUCy (. and AUC , t0 evaluate fixed
effects such as period, sequence, formulation,
and carryover. Log-transformed values of
these parameters were taken into consider-
ation to construct a classic confidence mnter-
val at 90% (90% C1) with a significance level
{o) of 0.05. The formulations were consid-
ered bioequivalent il 90% C1 of log-trans-
formed ratios (test/reference) of Cyy, (an in-
dex of the rate of absorption) and AUCy gy,
and AUC, ,,r (indexcs of extent of absorp-
tion) were within the predefined range of
0.8 - 1.25, and reached a statistical power of
at teast 0.8 [4, 12]. The Schuirmann’s-(two
onc-sided)test was also performed as a com-
plimentary statistical assay; biocquivalence is
claimed when probability was < 0.05 for each
side of the test.

Resulis

Volunteer 3 was excluded from the sta-
tistical analysis because she did not show
CLX plasma concentration in second period.
Regarding demographic data, the population
considered for bioequivalence assay formed a
homogencous sample in terms of age (27.2
6.3 years), weight (55.9 = 6.5 kg), height (1.6
+£0.04 m), and BM1(22.91 +2.03 kg/m?). The
inost common side effects related with both
formulations and reported by voluntecrs werc
sickness (10 volunteers during first period,
and 4 of the same volunteers during second
period), gastric pain (the same two volunteers
in both periods), one volunteer with slight
cephalea and another with somnolence, both
in first period; all side effects were observed
during the first 2 h post-dose.

In terms of analytical technique, the cali-
bration curve was linear in the 0.1 ~ 50 pg/ml
concentration range in a first-order model
(arca ratio = -0.057 + 2.172 (concentration);
r’= (1.995). Signal-to-noise ratio was 30 : 1
(CV =3.03%) for low LOQ. Within-day assay
accuracy expressed as % of recovery, and pre-
cision valucs, expressed as % of cocfficient of
variation, were the following: 0.3 ug/ml
(98.1%, CV 5.11%); 15 pg/ml (98.9%: CV
6.67%), and 35 pg/ml (103.46%, CV 3.96%),
with n = 6 for cach level. Between-day accu-
racy and precision during 3 days were as fol-
lows: (102.16%, CV 6.2%); (100.27%, CV
4.87%), and (100.88, CV 4.04%} for the low,
medium, and high levels, respectively, withn=
18 for each level. CLX proved stable in biofog-
ical samples for at feast two 24-h freeze-and-
thaw cyeles (final mean recovery of 105.61%:
CV 5.8%) and for at least 4 h on the worktable
at 24 °C and 48% relative humidity (98.71%,
CV 5.1%). Moreover, processed samples were
stable for at least 6 h in the autosampler
{100.8%, CV 6.0%). CLX in plasma was sta-
ble for at least 90 days at 70 °C (93.13%, CV
7.7%). There were no endogenous compounds
that might interfere with either CLX or with
MCLF ionization in the plasma samples tested
for the assay, nor did aspirin, butythyoscine,
caffeine, ehlorphenamine, heparin, or acet-
aminophen exhibit ion suppression. However,
tipemia and hemolysis suppress the CLX sig-
nal by 15% and 40%, respectively.

Mean plasma concentration-time profiles
of the 25 female voluntecers for the 2
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Figure 1. Plasma concentration profiles (mean %
standard error) of Ctonixin, after a single orai admin-
istration of two brands of 250 mg lysine clonixinate
tablets, in 25 young healthy female Mexican volun-
teers under fasting conditions.
Table 1. Comparison of pharmacokinetic parameters of Clonixin, after a single

oral dose of two brands of 250-mg lysine clonixinate (equivalent fo 160.617 mg
of clonixin) in a young healthy female Mexican population,

o
Crnax (Hg/ml) 29.4 £1.72 32.3 £ 1.66
trmax (M) 0.70 £0.04 0.64 + 0.04
AUCq_y (g  himi) 491235 48.92+33
AUCq_ins (pg * h/ml) 498836 4964134
t4/2 () 1.3+ 0.056 1.3 £0.047
Clagp (h) 362025 362025
Vdapp (1) 6.59 + 0.41 6.57 +0.37
MRT (h) 1.73 * 0.056 1.66 + 0.045

Values are given as mean + standard error (SE). N = 25.

Table 2. Statistical results of bioequivalence between Prestodol® (250 mg
lysine clonixinate tablets} and Dorixina Forte® (250 mg lysine clonixinate 1ab-
lets) in 25 young healthy female Mexican volunteers after a single oral dose of
250 mg under fasting conditions.

Paramele

Log (Cmax) 82.32 | 9879 97.7 0.0171 | 0.000
Log (AUCg.y) | 9459 | 106.29 99.9 0.000 0.000
Log (AUCq_ins} | 9461 | 106.42 99.9 0.000 0.000

Statistics were applied to decimal logarithm transformed data. 90% Cl, Classic
confidence interval at 90%. *Bioequivalence is assumed when 90% Cl is be-
tween 80 and 125 limits with a statistical power > B0%, and P, and P, < 0.05 for

Schuirmann's-test.

250-mg tablets (test and reference) are shown
in Figure 1. Sampling time was sufficient to
calculate up to 98% of AUC.;.r All calcu-
lated pharmacokinetic parameters for both
CLX formulations are summarized in Table 1.

Due to the exclusion of one volunteer,
ANOVA was performed specifying squarc
sum type Ml for unbalanced groups in
WINNONLIN software. During statistical
analysis, ANOVA revealed the absence of
any sequence, period, or formulation effects
with regard to Cyy AUC) . and AUC) jur
The intra-subject variability observed were:
25.09% for C . 17.17% for AUC . and
[7.44% for AUC, ;. With respect to bio-
availability comparisons between Dorixina
Forte*® and Prestodol®, 230-mg tablets, 90%
CI for all ratios (log-transformed values of
Caxr AUC (. and AUC, ) fell within the
0.80 — .25 mterval with a statistical power
> (.98 in each tested parameter. Morcover. a
probability of p < 0.05 for cach side of the
Schuirmann’s-test was obtained. Results arc
shown in Table 2.

Discussion

To our knowledge, this is the first
LUPLC-MS/MSthat is fully validated for CLX
quantification ir plasma, The present tech-
nique measures lysine clonixinate as CLX: al-
though anion clonixinate is the free form in
plasma, the most intense and stable signal was
obtained in positive electro-spray modce for
the protonated molecule. The advantages of
this analytical coupling are that more specific
and precise results arc oblained, ailowing the
use of small amounts of plasma and having no
time-consuming and clean extractive proce-
dures, which can be tanslated into high
throughput.

Regarding clinicat trials, the most fre-
quent side effects (gastric pain and dizziness)
were reported between drug administration
and break fast. These are common symptoms
associated with the administration of any
NSAID drug, such as tysine clonixinate, un-
der fasting conditions.

Concerning pharmacokinctic data, lysine
clonixinate appears to have age- and dose-de-
pendency. While previous work [7] reported a
t;2 of 38.6 £ 10.9 min after an 1V dose of 4
mg/kg in 10 children (aged between 4 and 10
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years) and a ;5 of 443 = 6.3 min after an
IV dose of 6 mg/kg in the same children, we
canobserve inthe presentresultsat sof 1.3 £
(.2 h {90 = 12 miny atter a single oral dose of
approximately 4.47 mg kg (250-mg normal-
ized with respect o the average weight of
population employed) in temales aged be-
tween 18 and 43 years. There are no data re-
garding the effect of concomitant food intake
on lysine clonixinale pharmacokinetics, al-
though ils administration 1s recommended
witls meals. which represents a limitation of
the present work. Nor are there data on gen-
der-associated differences: however, during
therapeutics the prescribed dose for children
aged > 10 years and male and female adulbts is
indistinet,

Regarding the bioavailability compari-
son, it can be concluded that aftera single oral
dose of 230-myg lysine clonixinate, differ-
ences among lest and reference tablets in the
Fasting state met regulatory definitions 1o as-
sume bioequivalence in these healthy female
volunteers.
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