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Abstract. Changes in bioavailability of
anticonvulsant drugs such as topiramate may
cause loss of or worsened seizure control.
Thus, the purpose of this study was to evalu-
ate, in a double-blind crossover design, the
bioavailability between two oral formula-
tions of topiramate in healthy volunteers after
a single dose. The protocol, approved by the
Institutional Committee of Ethics, consisted
of administration of 1 tablet of 100 mg of to-
piramate of each formulation (Toprel™ and
Topamax™), to 20 healthy volunteers after a
12 h overnight fast, using an open, two-period,
randomized, crossover and double-blind de-
sign. Thus, the plasma concentrations (Cp)
of topiramate were measured at predetermined
intervals of time, from 0 to 24 h, using a
validated UPLC-MS/MS method. Based on
plasma concentration-time profiles we ob-
tained the following pharmacokinetic param-
eters: AUC,_,, 63,418.31 + 22,141.69 and
67,094.70 + 22,487.2 ngh/ml; AUC 4:
30,421.02 +9,964.0 and 30,489.35 +9,407.17,
ng x h/ml; t,: 2.77+ 1.76 and 1.95 £ 1.89 h;
Cha: 2,143.33 £+ 72426 and 2,262.51 +
751.12 ng/ml, for A (Toprel™) and B (Topa-
max™), respectively. All these differences
were not statically significant with 90% con-
fidence interval. The test of bioequivalence
showed that C,., AUCy,, and AUC,
parameters are found within the range of
0.8 — 1.25 recommended by the FDA with a
probability of bioequivalence of 100%. In ac-
cordance with these results, we can conclude
that Toprel™ 100 mg, A (Test), is a bioequi-
valent generic and interchangeable with To-
pamax™ 100 mg, B (Reference).

Introduction

Topiramate (TPM) is a sulfamate-substi-
tuted monosaccharide (2,3:4,5-bis-O-(1-meth-

yliden)-B-D-fructopiranose sulfamate) with
antiepileptic (AED) properties. This drug has
been approved in about one hundred coun-
tries as adjunctive therapy for the treatment of
partial and primary generalized tonic-clonic
seizures and migraine prophylaxis in adult [1]
and is simpler to use than traditional AEDs
due to favorable pharmacokinetic charac-
teristics and fewer drug and food interac-
tions [13, 18, 23, 27].

Three mechanisms contributing to phar-
macological activity of topiramate have been
described including modulation of volt-
age-dependent sodium channels, potentiation
of gabaergic inhibition and blockage of a sub-
type of glutamate receptors [22]. Its intrinsic
inhibiting activity of carbonic anhydrase does
not contributes to antiepileptic action [15].

The pharmacokinetic of TPM is charac-
terized by linearity in a wide range of doses
[27]. The drug is quickly absorbed having
poor plasma protein binding. It has a long
half-life and the maximum concentration is
reached 2 —4 h after dose which is not affected
by food consumption or sex differences [4, 5,
15]. A bioavailability of about 81 — 95% for
100 mg — 1,200 mg/day in healthy volunteers
has been described [3, 27].

TPM is metabolized at a rate of about
8 — 9% and is excreted unalteredly by 59%.
The main metabolite in urine is the glucuronide
derivative. This situation changes dramatically
in concomitant phenytoin, carbamazepine or
phenobarbital treatments, by age or in re-
duced kidney function as has been shown by
previous studies with enzyme-inducing anti-
convulsants (i.e., phenytoin, carbamazepine),
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and age. Children need a higher dose to achieve
the same drug levels than adults, and adjust-
ments are required in co-medication with en-
zyme-inducing AEDs due to their inducing
metabolization of TPM [2, 10, 20].

Six clinical trials, placebo-controlled,
double-blind studies have shown that TPM is
well tolerated and effective as coadjuvant ther-
apy for partial epileptic crisis in adults [11, 26].
Several other published studies have shown
safety and efficacy of TPM as adjuvant in
schizophrenia and migraine or monotherapy
in partial epileptic crisis of children with Len-
nox-Gastaut syndrome and also in patients
with tonic-clonic crisis suggesting a wide
spectrum of clinical use for TPM [6, 14, 19].

There are factors that may cause therapeu-
tic failures in the treatment of epileptic sei-
zures, including patient’s non-compliance,
type of epilepsy and multisource pharmaceu-
tical products. Thus, bioequivalence (BE) or
relative bioavailability (BA) studies are per-
formed to show that two products (generic
and innovator) containing the same active
substance are clinically equivalent and inter-
changeable, without a significant change on
the steady-state plasma concentration, associ-
ated with drug [7, 24]. However, due to vari-
ability generic drugs can be highly problem-
atic for patients with epilepsy, special caution
may be needed for patients at highest risk of
seizure complications [17].

This study was conducted to assess the
bioavailability of a 100 mg topiramate oral
formulation, compared to the bioavailability
of 100 mg topiramate innovating formula-
tion, according to the FDA and EMEA recom-
mendations to assess the bioequivalence.

Methods

The following products were employed in
this study: Toprel™ 100 mg film-coated tab-
lets, from Drugtech-Recalcine Laboratories
S.A (Santiago, Chile) as the test formulation
and Topamax™ film-coated tablets, from
Janssen-Cilag (Baar, Switzerland) as the ref-
erence formulation.

The researchers were blind to the assayed
products (A or B) and these were tested by us-
ing physicochemical test (data not shown).

The formulations were administered by us-
ing a blind, randomized, crossover and com-

parative experimental design. 20 volunteers
were divided in two groups. The first group
received an oral dose of 100 mg tablet of the
Product A (Toprel™) and second group of
Product B (Topamax™). 1 week was elapsed
between treatment periods. Thus, each group
was crossed over to receive the other product
in the second period.

Formulations were administered to volun-
teers after a 12-h overnight fast with 250 ml
drinking water and under medical supervi-
sion. Blood samples were obtained in hepa-
rinized polypropylene tubes before dosing
and at 0.5, 1.0, 1.5,2.0,2.5, 3.0, 3.5, 4.0, 6.0,
8.0, 12 and 24 h. After centrifugation, plasma
samples were stored in plastic tubes at—20 °C
until assayed.

Topiramate concentrations were deter-
mined by using the LC-MS/MS method de-
scribed by Park et al. [16], with some mo-
difications. The system consisted of an
ACQUITY™ UPLC (Ultra Performance
Liquid Chromatograph) and a Micromass
Quattro triple quadruple spectrometry detec-
tor from Waters [16]. The chromatography
column was bridged ethylene hybrid (BEH)
Cig 100 x 2.1 mm 1.7 um and the mobile
phase methanol: ammonia acetate 10 mM
(pH 6.3) in proportion 90 : 10, respectively.
The detector was operated in the negative ion-
ization and the multiple reaction monitoring
(MRM) transitions monitored were m/z
338.0—77.0 and m/z 407—185.0 for topira-
mate and internal standard (tamsulosin). The
samples (200 pl of plasma) with 50 pl Internal
standard and 50 ul HC1 (0.1 N) were extracted
with 4 ml ethyl acetate. These were well agi-
tated with automatic shaker, followed by
centrifugation at 3,600 x g for 10 min. Thus, 2
ml of the organic layer was extracted of each
sample and evaporated to dryness under a
stream of nitrogen in an evaporator. The resi-
due was reconstituted with 200 pl of mobile
phase and transferred into glass injection vi-
als for analysis. Quality control samples were
prepared to contain 1.0,2.5,5.0and 7.5 pg/ml
and incorporated into each analytical run.

Plasma concentrations of topiramate were
plotted lineally and logarithmically. Thus,
concentration-time average profiles were con-
structed for Product A (Toprel™) and Prod-
uct B (Topamax™). The maximum plasma
concentration (C,,,) and time to reach the
maximum concentration (t,,,) were deter-
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mined by direct inspection of the curves.
Other pharmacokinetic parameters such as
the elimination rate constant (K.), half-life
(t;p), area under the plasma concentra-
tion-time curve AUC,, and AUC,_, were
calculated by using pKexamine from STATA
10.0 software. AUC-RPP software for inde-
pendent compartment model was employed
as a comparative model and additional
pharmacokinetics parameters were obtained,
such as apparent volume (V,) and clereance
(C).

FDA requirements were adopted for dem-
onstrating bioequivalence between both for-
mulations. These stipulate that 90% confi-
dence intervals for the ratio of the parameter
averages (AUC and C,,,,) should fall within
the standard criteria of 80 — 125%.

An analysis of variance (ANOVA) was
employed to establish the significant differ-
ences between the parameters of each formu-
lation. Values of p <0.05 were considered as
significant. FDA recommendations were ad-
opted for the design of the study and phar-
macokinetic and statistical analysis. The for-
mulation, period of administration, sequence
and residual effects were considered as source
of variations. Thus, the 90% confidence inter-
vals were calculated for average differences
obtained with Product A (Toprel™) and Prod-
uct B (Topamax™). STATA v 10.0 and
Schuirmann’s two one-sided tests were used
for it [21].

The research was approved by the Institu-
tional Committee of Ethics and the proce-
dures employed were according to the de-
claration of Helsinki and Good Clinical
Practices of FDA [12].

Materials

Standards, chemicals and HPLC grade
water and solvents were purchased from
Merck (Darmstadt, Germany). Chromatog-
raphy column BEH C,g and vials for UPLC
system were from Waters Corp. (Milford,
MA, USA).

Subjects

30 adult volunteers, including Hispanic
Americans, males and females, ranging in age

from 18 to 55 years were enrolled. All sub-
jects were evaluated by medical history and
clinical chemistry test, blood analysis,
glycemia, HIV, pregnancy test and urinaly-
sis and 24 healthy volunteers were selected
who provided written informed consent to
participate in the study after receiving details
of the study’s purpose. Reasons for exclusion
included: any surgical or medical condition
which might significantly alter the absorp-
tion, distribution, metabolism or excretion of
drugs; a history of clinically significant prob-
lems including gastrointestinal, renal, endo-
crine, hepatic, dermatologic, hematologic,
immunologic, psychiatric or neurologic dis-
orders; drug hypersensitivity, alcoholism or
drug abuse; having participated in a similar
study within the previous 3 months, eventu-
ally pregnant, lactating, having presented any
significant sickness within the previous
30 days, having used any drug within the pre-
vious 7 days, including OTC drugs, HIV pos-
itive, having a history of fainting and blood-
injury phobia.

Results

24 healthy volunteers were selected for
the study and only 20 completed it. Two
persons did not arrive at the research center,
1 person had problems with blood extraction
and 1 person observed nausea and dizziness
during the second period, therefore he was
excluded from the study.

Table 1 provides the anthropometric and
biochemical characteristics and the identifi-
cation of the 20 volunteers finally included in
this study. Mean age of the group was 28.5
years (range 20 — 53); mean body weight
was 69.9 kg (range 49.5 — 100.5); Mean
body height was 166.2 cm (range 149 —180)
and mean body mass index was 25.2 kg/m?
(range 19.8 — 31.0). The values for glycemia,
ureic nitrogen, urea, creatinine, bilirubin, al-
kaline phosphatase, AST, ALT and total pro-
tein ranged within normal values for all vol-
unteers, supporting their healthy conditions.

A new UPLC-MS/MS method was em-
ployed in this study which was validated
from 0.1pg/ml LLOQ to 7.5 pg/ml ULOQ.
The signal tonoise at 0.1 pg/mlwas 70. Assay
accuracy, measured as relative error ranged
from —2.58 to 3.72% and assay precision
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Table 1. Baseline characteristics of subjects.

Characteristics Value + SD
(n =20)

Demographic

Age (mean * SD) 28.5+9.94

Weight 69.99 + 11.77

Height 166.25 £ 9.23

Body mass index (BMI) 25.24 + 3.05

Sex (male/female) 10/10

Biochemical

Glycemia ( 60 — 100 mg/dl) 84.67 + 8.98

Ureic nitrogen (6 — 20 mg/dl) | 13.45+2.78

Urea (10 — 50 mg/dl) 27.94 + 6.54
Creatinine (0.8 — 1.5 mg/dl) 0.85+0.16
Bilirubin (0.2 — 1.3 mg/dl) 0.66 + 0.25
Alkaline phosphatase 7711 £ 17.05
(35 —129 IU/N)

AST (5—40 1U/) 25.16 £5.94
ALT (7 — 56 1U/l) 24.16 £ 9.46
Total protein (6.6 — 8.7 g/dl) 7.79 £ 0.58

—4—Toprel

={=Topamax

4 6 8 10 12 14 16 18 20 22 24

time (hours)

Figure 1. Mean plasma concentration-time pro-
files of topiramate.

measured as CV was < 3.46%. The standard
curves exhibited good linearity (R2 > 0.999)
and chromatographic run was 1.5 minutes.

Figure 1 illustrates the mean plasma con-
centration-time profiles (= SD) of topiramate
and Table 2 shows main pharmacokinetic pa-
rameters obtained for both formulations.
There were no significant differences in C,,y,
AUC_y24) and AUC . p-value = 0.02 ob-
tained for t,,,, indicates a significant differ-

ence, however this parameter is not used to
establish bioequivalence for this drug.

Both formulations presented similar phar-
macokinetic profiles and mean C,,, values
were 2,143.3 + 724.3 ng/ml and 2,262.5 +
751.1 ng/ml; 7.62 + 0.31 and 7.68 + 0.33 as
logarithmic for Test and Reference, resp-
tively. Areas under the plasma concentration-
time curve AUC ¢ 24y were 3,0421 +9,964 ng
x h/ml and 30,489 £ 9,964 ng x h/ml; 10.27 +
0.32 and 10.28 + 0.30 as logarithmic for
Test and Reference, respectively. Values of
AUC,_, were 63,418 £22,141 ng x h/ml and
65,285 + 21,670 ng x h/ml/ml; 10.99 + 0.36
and 11.04 £ 0.33 as logarithmic for Test and
Reference, respectively.

The elimination rate constant (K.) was
0.033 + 0.02 for Toprel™ and 0.0293 + 0.01
for Topamax™, the elimination half-life (t;,,)
was 25.22 +10.22 h for Toprel™ and 26.10 +
9.58 for Topamax™, the distribution volume
(Vq) was 0.83 = 0.22 for Toprel™ and 0.82 +
0.19 for Topamax™ and the clearence (Cl
tot/f) was 0.43 £0.15 for Toprel™ and 0.41 +
0.13 for Topamax™ (Table 2).

Statistical tests are shown in Table 3 using
logarithmic transformed data according to FDA
(2001b). 90% confidence intervals for the
Test/Reference ratio were 97.76 — 100.15%,
98.39 — 100.43% and 98.25 — 101.17% for
Cax AUCo (24) and AUC,_,.. Moreover,
the probability of exceeding the limits of ac-
ceptance (Schuirmann’s two one-sided test)
and the p-value for the probability of bioequi-
valence are also shown.

Discussion

The FDA and WHO designates a generic
drug as therapeutically equivalent to the ref-
erence compound (usually the brand-name
drug) if it contains an identical amount of ac-
tive ingredient in the same dosage form and
meets the equivalent standards for strength,
quality, purity and identity [9, 25]. This is par-
ticularly relevant for psychotropic drugs such
as anticonvulsants due to their variability
[17]. Therefore, we conduct a bioequivalence
study according to the FDA recommenda-
tions and using a high quality method by
UPLC-MS/MS which have been validated
also according to the FDA recommendations

[8].
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Table 2. Mean pharmacokinetics parameters after single dose of topiramate.

Cirmz e Elimination Half-life AUC(_24 AUC_, Vvd Cl tot/f
(ng/ml) (h) rate (h) (ng x h/ml) (ng x h/ml) (I/kg) (ml/min/kg)
Toprel™
Mean 2,143.33 2.78 0.0332 24.55 30,421.02 63,418.31 0.83 0.43
SD 724.26 1.77 0.02 9.58 9,964.01 22,141.69 0.22 0.15
CV % 33.79 63.6 47.50 39.02 32.75 34.91 27.00 34.78
Maximum 3,960.93 8.00 0.08 44.97 53,033.11 107,000.00 1.12 0.72
Minimum 1,211.00 1.00 0.02 8.17 18,166.39 33,778.52 0.43 0.22
Median 1,919.87 2.00 0.03 23.21 29,936.77 67,900.67 0.89 0.38
Topamax™
Mean 2,301.55 1.95 0.0302 24.54 30,729.16 65,285.62 0.82 0.41
SD 762.70 1.90 0.01 7.13 9,240.23 21,670.33 0.19 0.13
CV % 33.14 97.34 2412 29.05 30.07 33.19 23.22 30.9
Maximum 4,217.23 8.00 0.04 40.96 51,823.42 108,000.00 1.15 0.71
Minimum 1,118.51 0.50 0.02 16.39 13,900.83 29,608.12 0.50 0.19
Median 2,352.85 1.25 0.03 22.48 29,906.13 57,965.77 0.83 0.41
Table 3. Bioequivalence test.
Classic bioequivalence intervals Schuirmann’s test
Equivalence limits Limits test Bioequivalence Two one-side tests p-value
probability (%)
Topamax™ vs. Toprel™
LnCmax
difference —-1.539 1.539 -0.172 0.012 100.00 Upper side -30.612 < 0.0001
ratio 80% 125% 97.76% 100.15% Lower side 27.579 < 0.0001
LnAUC_¢
difference —2.062 2.062 —-0.166 0.045 100.00 Upper side —34.960 < 0.0001
ratio 80% 125% 98.39% 100.43% Lower side 32.975 < 0.0001
LnAUCy_,
difference —2.206 2.206 -0.192 0.129 100.00 Upper side —24.121 < 0.0001
ratio 80% 125% 98.25% 101.17% Lower side 23.441 < 0.0001

In Figure 1 and Table 2 we can observe a
very similar pharmacokinetic behavior for
both formulations. Differences between C,,,,,
AUC_ and AUC,,_,, which are the parame-
ters for establishment of bioequivalence are
not statistically significant. This issue shows
that, in terms of extent of absorption of the
drug, both formulations were similar. Same
behavior was statistically observed for elimina-
tion rate, half-life and t,,, (data not shown).

Table 3 shows that the ranges for the In-
transformed values of C,,,, AUC,, and
AUC,_, are within the FDA criteria of 80 —
125%. On the other hand, Schuirmann’s test
indicated similar results with p < 0.0001 for
tested hypotheses.

This bioequivalence study like any other
clinical trial has some limitations to consider.
Because the data were obtained from healthy
Caucasians Chilean subjects who received a
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single dose of topiramate, the pharmacokinetic
characteristic should differ from patients and
from other non Caucasian populations. How-
ever, this is a very good reference for similar
Latino American populations.

Conclusion

Plasma concentrations of topiramate as
well as other anticonvulsants can be affected
by several factors including multisource phar-
maceutical products. This study using a sen-
sitive, specific and high-throughput UPLC/
MS-MS method demonstrated that in phar-
macokinetic parameters such as Cp,y,
AUC 24y and AUC_, there were no statis-
tically significant differences for two topira-
mate formulations. Based on these results and
on FDA criteria, Toprel™ 100 mg, Drugtech
Recalcine Laboratories S.A (Test product), is
bioequivalent and interchangeable with
Topamax™, Janssen-Cilag (Reference prod-
uct).
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