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Abstract

The study was performed to compare the bioavailability of two Pramipexole 0.125 mg tablet formulations:
the test formulation was pramipezan® (pramipexole) manufactured by Cobalt Pharmaceuticals, Canada/ Arrow
Farmacéutica Ltda’. Sifrol® (Pramipexole) from Boehringer Ingelheim do Brasil Quimica e Farmacéutica Ltda was
used as reference formulation. The study was conducted open with randomized two period crossover design and
8 days wash out period in 48 volunteers of both sexes. Plasma samples were obtained over a 48 hour interval.
Pramipexole was analyzed by LC-MS-MS in the presence of Tansulosina as internal standard. The mean ratio
of parameters C__ and AUC,, and 90% confidence intervals of correspondents were calculated to determine the
bioequivalence. The means AUC for test and reference formulation were 8201.90 pg.h/mL and 7891.56 pg.h/mL,
for AUC, , were 8574.71 pg.h/mL and 8288.01 pg.h/mL and, for C__ 642.09 pg/mL and 633.94 pg/mL, respectively.
Geometric mean of pramipezan® (pramipexole) /Sifrol® 0.125 mg individual percent ratio was 103.61% AUC,
103.13% for AUC, _ and 100.81% for C__ . The 90% confidence intervals were 98.02 — 109.51%, 97.95 — 108.59%,
93.06 - 109.21%, respectively. Since the 90% confidence intervals for C__, AUC_, and AUC,  were within the 80 —
125% interval proposed by Food and Drug Administration, it was concluded that Pramipezan® (pramipexole) 0.125

mg tablet was bioequivalent to Sifrol®0.125 mg tablet according to both the rate and extent of absorption.

Keywords: Bioavailability; Pharmacokinetics; Chromatography;
Bioequivalence; Pramipexole

Introduction

Parkinson’s disease, neurodegenerative disease the central nervous
system affecting the substantia nigra, component of the basal ganglia
that requires regular medication unlimited in time. The disease is
named after the English doctor James Parkinson, who published the
first in An Essay on the Shaking Palsy. The motor symptoms of disease
result from the death of dopamine-generating cells in the substantia
nigra, a region of the midbrain; the cause of this cell death is unknown.
Most people with Parkinson’s disease have idiopathic Parkinson’s
disease. A small proportion of cases, however, can be attributed to
known genetic factors. Other factors have been associated with the
risk of developing Parkinson’s, but no causal relationship has been
proven. Early in the course of the disease, the most obvious symptoms
are movement-related; these include rigidity, shaking, slowness of
movement and difficulty with walking and gait. Later, cognitive and
behavioural problems may arise. Dementia commonly occurring in the
advanced stages of the disease. Other symptoms include sleep, sensory
and emotional problems. Parkinson’s disease is more common in the
elderly, with most cases after the age of 50 [1-4].

Modern treatments are effective at managing the early motor
symptoms of the disease, mainly through the use of dopamine agonists.
Pramipexole is a non-ergoline dopamine agonist indicated for treating
early-stage Parkinson’s disease and restless legs syndrome.

Pramipexole is a nonergot dopamine agonist with high relative
in vitro specificity and full intrinsic activity at the D, subfamily of
dopamine receptors, binding with higher affinity to D, than to D, or D,
receptor subtypes. The precise mechanism of action of pramipexole as a
treatment for Parkinson’s disease is unknown, although it is believed to
be related to its ability to stimulate dopamine receptors in the striatum.
This conclusion is supported by electrophysiologic studies in animals
that have demonstrated that pramipexole influences striatal neuronal
firing rates via activation of dopamine receptors in the striatum and the

substantia nigra. The relevance of D, receptor binding in Parkinson’s
disease is unknown. Studies suggest that pramipexole might provide
neuroprotective effects through depression of dopamine metabolism,
stimulation of trophic activity and antioxidant effects. Pramipexole’s
demonstrated clinical efficacy for successful treatment in early disease
for several years in the absence of L-dopa and as adjunctive therapy
with L-dopa in late disease suggests a potential new paradigm for
treatment of Parkinson’s disease [5].

Pramipexole is metabolized by the liver. Pramipexole displays
linear pharmacokinetics over the clinical dosage range and do not differ
between men and women. Its terminal half-life is about 8 hours in young
healthy volunteers. Pramipexole is rapidly absorbed, reaching peak
concentrations in approximately 2 hours. The absolute bioavailability
of pramipexole is greater than 90%, indicating that it is well absorbed.
Food does not affect the extent of pramipexole absorption, although
the time of maximum plasma concentration is increased by about 1
hour when the drug is taken with a meal. Pramipexole appears to be the
major circulating species in plasma [6,7].

The objective of this study was to compare in healthy volunteers,
the pharmacokinetics profiles and evaluate the bioequivalence of one
test formulation of 0.125 mg tablet of Pramipezan® (pramipexole)
manufactured by Cobalt Pharmaceuticals, Canada/ Arrow
Farmacéutica Ltda. The test formulation was compared to 0.125 mg
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of Pramipexole (Sifro™ by Boehringer Ingelheim do Brasil Quimica e
Farmacéutica Ltda (reference formulation).

Methods
Study protocol

The study was performed in accordance with the Helsinki
Declaration and Good Clinical Practice Guideline, and informed
consent was obtained from participants prior to study commencement.
The clinical part of the study was conducted at Scentryphar Clinical
Research (Campinas City, Sao Paulo, Brazil) and the bioanalytical part
at Instituto de Ciéncias Farmacéuticas de Estudos e Pesquisas/ICF.
(Goiania City, Goias, Brazil).

Subjects

Twenty eight healthy volunteers of both sexes (14 males and 14
females) who were between the ages of 22 and 49 (mean + SEM: 31.64 +
9.02 years), who had heights between 157.00 cm and 187.00 cm (168.00
+ 0.09 cm), and who weighed between 51.00 kg and 96.50 kg (68.74 +
11.65 kg) and within 15% of their ideal body weight were enrolled in
the study. Subjects were judged eligible for enrolment in this study if
they were in compliance with all the inclusion and exclusion criteria
described in the protocol.

All the subjects provided written informed consent to participate
after explaining the nature and purpose of the study. The study protocol
was approved by the University of Campinas/Unicamp with the ethical
principles described in the Declaration of Helsinki, guidelines for
International Conference on Harmonization-Good clinical practices
(ICH-GCP).

All volunteers were healthy as assessed by physical examination,
ECG, and the following laboratory tests: parasitological, blood glucose,
urea, creatinine, uric acid, AST, ALT, alkaline phosphatase, Gamma
GT, total bilirrubin, albumin and total protein, triglycerides, total
cholesterol, hemoglobin, hematocrit, total and differential white cell
counts and routine urine. All subjects were negative for HIV, HBV
(except for serological scare) and HCV.

Drug products

The test formulation employed was Pramipezan® (pramipexole)
0.125 mg tablet (lot number ZB48) and the reference formulation was:
Sifrol® 0.125 mg tablet (lot number 6533).

Study design

The study was performed to compare the bioavailability of two
Pramipexole 0.125 mg tablet formulations under fasting conditions:
the test formulation was Pramipezan® (pramipexole). Sifrol® from
Boehringer Ingelheim do Brasil Quimica e Farmacéutica Ltda was used
as reference formulation. The formulation was tested for bioequivalence
for the first time.

The study was conducted in an open randomized 2 period
crossover balanced design with 8 days wash out period between the
doses. During each period, the volunteers were hospitalized at 8:00 pm
having already had a normal evening meal, and after an overnight fast
they received at 7:00 am a single 0.125 mg tablet Pramipexole dose of
either formulation. Water (200 mL) was given immediately after drug
administration. All volunteers were then fasted 05 hours following the
drug administration, after which a standard lunch was consumed and
an evening meal was provided 10 hours after dosing. No other food
was permitted during the “in-house” period. Liquid consumption

was permitted ad libitum after lunch but xanthine-containing drinks
including tea, coffee and cola were avoided. Systolic and Diastolic
arterial pressure (measured on invasively with a sphygmomanometer
automatic by Omron equipment), heart rate and temperature were
recorded just before and hourly after drug administration.

Blood samples (06 mL) from a suitable antecubital vein were
collected into EDTA containing tubes before and 0.15, 0.30, 0.45, 1.00,
1.20, 1.40, 2.00, 2.20, 2.40, 3.00, 3.20, 3.40, 4.00, 4.30, 5.00, 6.00, 8.00,
10.00, 12.00, 14.00, 24.00, 48.00 hours after administration of each
Pramipexole 0.125 mg tablet.

Drug analysis

Blood samples were cooled in a bath and centrifuged at 3.000
rpm for at least 10 min at approximately 4°C. At least 3mL of plasma
were dispensed into polypropylene tubes. Sample tubes were frozen at
-20°C, and maintained to that temperature until analysis (delivery to
the analytical phase). All samples from a single volunteer were analyzed
on the same day in order to avoid inter assay variation.

Plasma concentrations of Pramipexole were determined by the
HPLC coupled with tandem mass spectrometry (LC/MS/MS), in
positive ion electrospray ionization mode, using a multiple monitoring
(MRM) method and isotopic labeled Tansulosina as internal standard
(IS). The transitions used were 212.20 > 153.00 for Pramipexole and
409.00 > 228.00 for IS. This apparatus consisted of an Agilent 1200
Series pump and API 5000 mass spectrometer. Were the analytes
extracted from plasma using on liquid - liquid extraction. The method
was validated for selectivity, linearity, precision, accuracy, extraction
recovery and stability. The analytical column was a ACE 5 AQ (150 x
4.6 mm). The mobile phase used was a mixture of Buffer (ammonium
acetate 2mM) and methanol (30:70 v/v), containing 0.025% formic
acid.

Pharmacokinetic analysis and statistical analysis

The first-order terminal elimination rate constant (Ke) was
estimated bylinear regression from the points describing the elimination
phase on a log-linear plot, using the software SAS® Institute (Version
9.1.3). Elimination half-life (T,,) was derived from this rate constant
(T,,=1n (2)/Ke). The maximum observed plasma concentration (C_ )
and the time taken to achieve this concentration (T, ) were obtained
directly from the curves. The areas under the Pramipexole metabolite
plasma concentration versus time curves from 0 to 48 hours (AUC_ )
were calculated by applying the linear trapezoidal rule. Extrapolation of
these areas to infinity (AUC, ) was done by adding the value C48/Ke to
the calculated AUC, (where C48=plasma concentration calculated
from the log-linear regression equation obtained for the estimation of
Ke 48 hours after dose).

The bioequivalence between both formulations was assessed by
calculating individual C_ , AUC ., AUC _and C_ /AUC , ratios
(test/reference) together with their mean and 90% confidence intervals
(CI) after log transformation of the data. The inclusion of the 90% CI
for the ratio in the 80% to 125% range was analyzed by nonparametric
(SAS® Institute Version 9.1.3) and parametric (ANOVA) methods.

Results
Tolerability analysis

Pramipexole was well tolerated at the administered dose in most
volunteers. All the biochemical parameters did not any clinical relevant
alterations. There was one serious adverse event, which is classified
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as likely to be related to study drug (convulsion). Procedures were
carried out to the volunteer monitoring and reporting of adverse event
responsible institutions.

Method validation

The calibration curves were linear in the ranges of 20-5000 pg/
mL (R2 = 0,99) by using least square linear regression analysis with
a weight factor of 1/x. The precision and accuracy were obtained by
the analysis of tree batches of QC samples (LLOQ, low, medium and
High QCs) and the intra and inter day RSDs were no more than 17.4%,
indicating acceptable precision and accuracy of the present method.

The extraction recoveries of Pramipexole and IS from human
plasma were 72.00 % and 87.20 %, respectively. The stability of stock
solutions of Pramipexole and IS were accessed and found stable at
room temperature for 6h30min and at 4°C for 15 days. The analytes in
plasma stored at room temperature for 7 h, at 4°C for 15 days, at -20°C
for 57 days and during the three freeze and thaw cycles indicated the
good stability of Pramipexole and IS during the study.

Pharmacokinetic and statistical analysis

The mean (+ SD) plasma concentration time profile of the 2
formulations, shown in Figure 1, was similar and super imposable.

Central and dispersion measures for all pharmacokinetic
parameters for both formulations are shown in Table 1 and Table 2.
From this, the mean values of C_ _were found to be 633.94 (+110.99
standard deviations [SD]) pg/mL for the reference product and 642.09
(£122.89) pg/mL for the test product. For T__ (h), the mean values
were found to be similar for both the reference and test product and
the value was 2.33 (3.00) h. The mean values of AUC_, were found to
be 7891.56 (+1684.24) pg.h/mL for reference and 8201.90 (+2059.40)
pgh/mL for the test product. The mean AUC,_ was found to be
8288.01 (+1712.74) pg.h/mL and 8574.71 (+2178.54) pg.h/mL for the
reference and the test product, respectively.

Table 3 presents the ratios and the respective confidence intervals
for bioequivalence analysis.

Discussion

Parkinson’s disease is a chronic neurodegenerative of unknown
origin illness that requires regular medication unlimited in time.
Several major organizations promote research and improvement of
quality of life of those with the disease and their families. Parkinson’s
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Figure 1: Mean plasma concentration —time profile of pramipexole over the first
48 h after oral administration of the test formulation.

TEST REFERENCE
Parameters (Units) Standard Standard
Means I Means L
(Median) Deviation (Median) Deviation
(Amplitude) (Amplitude)
AUC_, (pg.h/mL) 8201.90 2059.40 7891.56 1684.24
AUC , (pg.h/mL) 8574.71 2178.54 8288.01 1712.74
C.ox (Pg/mL) 642.09 122.89 633.94 110.99
T, (Median/Mp)(h) 3.00 5.50 2.33 5.25
Kel(L/h) 0.08 0.02 0.09 0.03
T,,(Median/Mp)(h) 8.65 10.75 8.19 8.43

Table 1: Mean pharmacokinetic of parameters pramipexole of test and reference
formulation.

Parameters (Units) TEST REFERENCE
Geometrix Mean Geometrix Mean
AUC_, (pg.h/mL) 7999.08 7720.36
AUC, . (pg.h/mL) 8370.50 8116.40
Cx (Pg/mL) 627.13 622.08

Table 2: Geomatric mean pharmacokinetics parameters of pramipexole of test
and references formulation.

Parameters Ratio T/R | Lower limit Upper limit Power Coe.ffi(.:ient of

(%) (%) (%) (%) | Variation (%)
AUC 103.61 98.02 109.51 99.99 11.39
AUC 103.03 97.95 108.59 99.99 10.59
Co 100.81 93.06 109.21 99.69 16.49
T, (dif)(h) 0.00 -0.25 1.00 - -

Table 3: Ratios means and the 90% geometric confidence interval of test and
reference formulation.

disease has a worldwide incidence and is characterized by rigidity,
tremor and akinesia which is caused by the death of dopaminergic
neurones in the substantia nigra of the midbrain [8,9,10,6].

Dopamine agonists have been used as add-on therapy in
Parkinson’s disease either by increasing the efficiency or side effects of
levodopa. Therapy serves as a reference substance for evaluation of new
drugs. Pramipexole has been investigated as an adjunctive therapy to
levodopa and as monotherapy in the treatment of Parkinson’s disease.
Based on numerous clinical data, efficacy profiles and safety of this
non-ergoline dopamine agonist are well defined [11-16]

The pramipexole is marked by rapid and almost complete
absorption, with C... attained within 2 hours and an absolute
bioavailability >90%. Is extensively distributed and is about 15% bound
to plasma proteins. Distributes into red blood cells, with an erythrocyte-
to-plasma ratio of about 2:1.Food intake slows the absolute rate, but
not the extent, of absorption. The pharmacokinetic profile is linear
with dose. Renal clearance of pramipexole is approximately three times
higher than glomerular filtration. Thus, pramipexole is secreted by the
renal tubules, probably by the organic cation transport system. About
90% of a dose is eliminated renally as unchanged drug. Pramipexole
the elimination half-life is roughly 8 hours in young healthy adult
volunteers [17].

Arguments in favor of starting a dopamine agonist rather than
levodopa in early Parkinson disease have been advocated. Several
phase IV randomized controlled trials have been published using
the time until development of dopaminergic events as the primary
outcome. These studies all show that the strategy of initial treatment
with dopamine agonists delays the onset of dyskinesias and wearing
off. Delaying dopaminergic events has benefits in terms of long-term
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disability and quality of life. The prevalence of dopaminergic motor
complications remained higher in the initial levodopa group, suggesting
a long-term benefit on the development of these complications with
initial pramipexole treatment. In addition to the duodenal infusion
of levodopa is invasive and inconvenient, and may be costly to
maintain. Therefore, the -formulation of a dopamine agonist would be
advantageous to Appear [18-21].

The bioavailability of a pharmaceutical form refers to the extent
and speed of absorption of the active principle in contained it. Two
pharmaceutical forms are said bioequivalent when administered
to the same individual, in the same experimental conditions and
at the same dose, they show no significant differences in relation to
bioavailability. In this study two formulations of Pramipexole had
been evaluated. Washout period was adequate and there was no
quantifiable concentration of the drugs in the second period of the
study, indicating that there was no carryover effect from the first to the
second period. The mean ratio of parameters C___and AUC_, and 90%
confidence intervals of correspondents were calculated to determine
the bioequivalence.

The means AUC for test and reference formulation were 8201.90
pgh/mL and 7891.56 pgh/mL, for AUC _ were 8574.71 pgh/mL
and 8288.01 pg.h/mL and, for C_ _642.09 pg/mL and 633.94 pg/mL,
respectively. The ratios were 103.61% for AUC, 103.13% for AUC
_ and 100.81% for C__ . The 90% confidence intervals were 98.02 —
109.51% for AUC , 97.95 - 108.59% for AUC, _ and 93.06 - 109.21%
forC_ .

X

The AUC,,and AUC, _ are both recognized as an uncontaminated
measurement of the extent of absorption. The present study showed
that 90% CI of mean AUC , and AUC _ (after log-transformation
of individual ratios) were included into the bioequivalence range
(80-125%), consequently, the two formulations of Pramipexole are
equivalent for the extend of absorption.

The statistical comparison of C_ , AUC  and AUC  clearly
indicated no significant difference in the two formulations of
Pramipexole 0.125 mg tablet. 90% confidence intervals for the mean
ratio (T/R) of C_, AUC  and AUC, _ were entirely within the US
Food and Drug Administration acceptance range. Based on the
pharmacokinetic and statistical results of this study, we can conclude
that pramipezan® (pramipexole) 0.125 mg tablet, manufactured
by Cobalt Pharmaceuticals, Canada/ Arrow Farmacéutica Ltda’ is
bioequivalent to Sifrol® 0.125 mg tablet (Boehringer Ingelheim, Brazil),
and that then the test product can be considered interchangeable in
medical practice.
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