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Background: Pramipexole dihydrochloride extended-release tablet is a novel long-acting form of non-ergot dopamine agonist 
indicated as one of main therapeutic approaches for Parkinson’s disease. However, pharmacokinetic properties of extended-release 
pramipexole in healthy Chinese subjects remain unclear.
Methods: A single-center, randomized, open-label, two-period crossover, single-dose study was performed to investigate comparative 
pharmacokinetics and evaluate bioequivalence of 0.375 mg test (Yangtze River Pharmaceutical Group Co., Ltd.) and reference (Trade 
name: Sifrol®, Boehringer Ingelheim Pharma GmbH & Co. KG) formulations of pramipexole dihydrochloride extended-release tablets 
in healthy Chinese subjects under fasted and fed states.
Results: A total of 56 subjects (28 in each dietary trial) were enrolled and randomized. After single dose of 0.375 mg test and 
reference formulations under fasted condition, main pharmacokinetics of pramipexole were as follows: peak concentration (Cmax) were 
409.33±95.93 and 413.77±132.03 pg/mL; plasma area under concentration–time curve from time 0 to last measurable concentration 
(AUC0-t) were 8801.95±1966.83 and 8646.37±2600.49 h*pg/mL; AUC from time 0 to infinity (AUC0-∞) were 9469.03±1991.61 and 
9082.95±2666.26 h*pg/mL; elimination half-life (t1/2) were 11.98±3.91 and 9.85±2.63 h; both time to reach Cmax (Tmax) were about 
4.50 h, respectively, for test and reference formulations. The 90% confidence intervals of geometric mean ratios (test/reference) of 
Cmax, AUC0-t and AUC0-∞ under fasted and fed conditions were all within 80–125%. Following administration under fed condition, 
Cmax and Tmax for both test and reference formulations slightly increased and prolonged to 5.0 h, respectively, but AUC approximately 
remained unchanged compared with dosing under fasted condition. Test and reference formulations showed similar bioequivalence and 
favorable safety under fasted and fed states.
Conclusion: Test and reference formulations of pramipexole dihydrochloride extended-release tablets (0.375 mg) showed similar 
bioequivalence and well safety and tolerability in healthy Chinese subjects under fasted and fed states, which supports further 
investigations of test formulation in patients with Parkinson’s disease.
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Introduction
Parkinson’s disease (PD) is one of the most common chronic neurodegenerative disorders characterized by progressive 
degeneration of dopaminergic neurons and Lewy body formation in the substantia nigra, decreased striatal dopamine 
transmitters, and imbalance of dopamine and acetylcholine transmitters over time, manifested as motor dysfunctions of 
tremor, disturbance of postural balance, bradykinesia, rigidity, as well as non-motor symptoms including sleep disorders, smell 
disorders, autonomic dysfunction, cognitive and psychiatric disorders.1 The major anti-Parkinsonian options available include 
levodopa and non-ergot dopamine agonists (NEDAs). Although levodopa is the standard therapy for PD and effectively 
relieves Parkinson’s symptoms, motor complications including symptom fluctuations and dyskinesias may occur along with 
PD progression and long-term administration of levodopa.2–4 NEDAs showed preferable efficacy and tolerability in several 
randomized controlled trials when applied as monotherapy for the management of early PD or as first-line adjunct treatment 
with levodopa for advanced PD, which showed lower incidence of dyskinesia compared with levodopa.2,3,5,6

Pramipexole is one of the extensively used NEDA, the mechanism of which as a treatment for PD is the ability to 
stimulate dopamine receptors in the striatum via affinity for the D2/D3 subfamily of dopamine receptors.5,7–9 Pramipexole 
dihydrochloride extended-release tablet is an innovative long-acting formulation of NEDA, which has been developed 
and prescribed in clinical practice in recent years.2,7,8,10

The majority of randomized controlled trials have assessed and compared the clinical efficacy and safety of extended- 
release and immediate-release formulations of pramipexole for early and advanced PD.4,11–14 When compared with three 
times-daily dosing of immediate-release formulation of pramipexole, extended-release tablet is administered once-daily 
along with more convenient dose titration regimen and reduces the fluctuation of symptoms with shortened “off” period 
and enhanced adherence of patients for the reason that it can reach a more stable plasma pramipexole concentration and 
maintain the continuous dopaminergic stimulation and efficacy over 24 h.2,7,8,15–18 However, there is no literature 
reporting pharmacokinetic parameters of extended-release pramipexole in healthy Chinese subjects.

In the present study, we performed a single-center, randomized, open-label, two-period crossover, single- 
administration trial to firstly analyze and compare the pharmacokinetics as well as bioequivalence of test (0.375 mg, 
Yangtze River Pharmaceutical Group Co., Ltd.) and reference (Trade name: Sifrol®, 0.375 mg, Boehringer Ingelheim 
Pharma GmbH & Co. KG) formulations of pramipexole dihydrochloride extended-release tablets in healthy Chinese 
subjects under fasted and fed states.

Subjects and Methods
Study Design
This single-center, randomized, open-label, single-dose, two-period crossover clinical study was used to explore and 
compare pharmacokinetic characteristics and safety and evaluate the bioequivalence of two pramipexole dihydrochloride 
extended-release tablet formulations in healthy Chinese subjects under fasted and fed conditions. Enrolled subjects were 
randomly assigned in the ratio of 1:1 to one of the two single-dose administration sequence groups: test to reference 
formulation (T-R) group or reference to test formulation (R-T) group under fasted and fed conditions (N=28 in each 
condition). The administration sequence was based on a random table generated by version 9.4 SAS software with a ratio 
of 1:1, and the washout time between each period was designed as 7 days, which significantly exceeded seven terminal 
half-lives of reference formulation according to its prescribing information and was adequate to fully eliminate the effects 
of drug taken in the first period. The detailed diagram of the study design is shown in Figure 1.

The study was conducted according to the Declaration of Helsinki and ICH-GCP guidelines. The study protocol and 
informed consent forms were reviewed and approved by the Independent Ethics Committee of West China Hospital, 
Sichuan University. All subjects provided written informed consents before any related procedure was conducted. In 
addition, the study was registered on the World Health Organization's International Clinical Trials Registry Platform 
(ChiCTR2000035564, date of registration: August 13, 2020). The execution dates of the trial were from August 17, 2020, 
to September 30, 2020.
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Study Population
Healthy Chinese subjects (male and female) aged from 18 to 65 years with a body mass index (BMI) between 19 and 
26 kg/m2, body weight ≥50 kg for male and ≥45 kg for female were eligible for recruitment. Subjects with any significant 
abnormality in medical history, laboratory tests (hematology, blood biochemistry, urinalysis, HIV antibody, hepatitis 
B surface antigen, hepatitis C antibody, syphilis antibody, tests for alcohol and drugs abuse, pregnancy test for female), 
chest X-ray, 12-lead electrocardiogram (ECG), vital signs and physical examination were excluded. Other main 
exclusions were as follows: allergic history of pramipexole and ingredients contained in pramipexole dihydrochloride 
extended-release tablet; exposure to any investigational medication including placebo within 90 days; taking any 
prescription or over-the-counter medication within 14 days before screening.

Test and Reference Formulation
The researched pramipexole dihydrochloride extended-release tablet (unit strength: 0.375 mg, batch number: 19081541) 
manufactured by Yangtze River Pharmaceutical Group Co., Ltd. (Jiangsu, China) was used as test formulation in the 
study. Meanwhile, the reference pramipexole dihydrochloride extended-release tablet (Trade name: Sifrol®, unit strength: 
0.375 mg, batch number: 802726) was manufactured by Boehringer Ingelheim Pharma GmbH & Co. KG (Ingelheim, 
Germany).

Drug Administration and Blood Sampling
All eligible subjects were admitted to the Phase I Clinical Trial Center ward of West China Hospital, Sichuan University 
on Day-1. The subjects under fasted status were randomized to receive a single dose of 0.375 mg pramipexole 
dihydrochloride extended-release tablet with 240 mL water in a sequence of T-R or R-T under fasting for at least 10 
h overnight. Meanwhile, subjects under fed condition randomly received a single dose of 0.375 mg pramipexole 
dihydrochloride extended-release tablet with 240 mL water in T-R or R-T sequence after taking a high-fat and high- 
calorie meal (about 800~1000 calories and 50% from fat) 30 min before dosing. All subjects received standard meals 
when 4 h and 10 h after oral dosing and water intaking were not permitted 1 h before and after oral administration of 
drugs.

Blood samples (4mL per point) were collected for pharmacokinetic evaluation. Sampling timepoints under fasted 
condition were as follows: within 1 h before dosing, 1.0, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 7, 9, 12, 24, 36, 48 and 72 

Figure 1 Diagram of the study design. 
Notes: Fed state: taking a high-fat meal (about 800~1000 calories and 50% from fat) 30 min before dosing. 
Abbreviations: R, randomization; PK, pharmacokinetics; BE, bioequivalence analysis.
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h after dosing, and timepoints under fed condition were as follows: within 1 h before dosing, 1, 2, 3, 4, 4.5, 5, 5.5, 6, 6.5, 
7, 8, 9, 10, 12, 14, 24, 36, 48, and 72 h after dosing.

All blood samples were collected in anti-coagulation tubes containing Ethylene Diamine Tetraacetic Acid- K2 

(EDTA-K2) and centrifuged (2000×g, 10 min, 4°C) within 1 h of collection. Separated plasma samples were pipetted 
into tubes for pharmacokinetic assessment and were stored at −80°C until assayed.

Assay of Pramipexole
Plasma concentration of pramipexole was measured using High-Performance Liquid Chromatography tandem Mass 
Spectrometry (HPLC-MS/MS) method developed and validated before the study. HPLC was conducted with LC-30AD 
(Shimadzu, Kyoto, Japan), mass spectrometric detection was carried out with Triple Quad 5500 mass spectrometer 
(Applied Biosystems/Sciex, MA, USA) and Welch Ultimate XB-C18 column (2.1 × 100 mm, 3 μm, Welch Materials, 
Maryland, USA) was applied.

For pramipexole measurements, each 200 μL plasma sample was spiked with 50 μL internal standard (IS) solution (2.00 
ng/mL pramipexole-d3), and then 50.0 µL of 1 M NaOH water solution was added to all samples. After vortexed for 3 min, 
add 800 µL of extractant (ethyl acetate: dichloromethane, 4:1, v/v) to all samples and next vortex samples for 10 min. Samples 
were centrifuged at 4000 × rpm for 10 min at 8°C and 500 μL upper organic phase was moved to clean 96-well plate, which 
was then evaporated to dryness under a gentle stream of nitrogen at 40°C. 120 μL reconstitution solution (mobile phase A: 
mobile phase B, 9:1, v/v) was then added and vortexed for 10 min, which was ready for HPLC-MS/MS analysis.

The mobile phases, water solution containing 0.1% Formic Acid and 20 mM NH4Ac (Phase A) and 100% Methanol 
(Phase B), were used in gradient program. The flow rate and column temperature were at 0.300 mL/min and 40°C, 
respectively. The transitions for Multiple Reaction Monitor (MRM) mode were at m/z 212.1/153.2 (pramipexole) and 
215.2/153.2 (IS, pramipexole-d3). The parameters of MS detection were optimized: ion spray voltage, 1500 V; curtain 
gas, 25 psi; gas 1, 60 psi; gas 2, 60 psi; temperature, 600°C; pause between mass: 20.00 ms; collision-activated 
dissociation, 7 units; dwell time, 150 ms; declustering potential, 60 V; entrance potential, 6 V. The collision energy 
and collision cell exit potential were 20 V for pramipexole and 23 V and 9 V for IS, respectively. Data were analyzed 
through AB Sciex Analyst 1.6.3 quantitative software (Applied Biosystems Inc., Foster City, CA, USA).

The linear calibration curve of plasma pramipexole was over the range of 15.0–800 pg/mL. Typical chromatograms of 
pramipexole and IS are presented in Supplementary Figure 1. The intra- and inter-run relative standard deviation (RSD) 
values of quality control (QC) samples at different concentrations (low, medium and high levels) and lower limit of 
quantification (LLOQ) were <5.9%, <7.9%, <5.3% and <9.9%, respectively. The intra- and inter-run accuracy relative 
error (RE) values of QC samples at different concentrations (low, medium and high levels) and LLOQ were −9.5% 
~-0.4%, −13.3%~3.3%, −5.8%~-1.7% and −3.3%, respectively.

Safety and Tolerability
All subjects were under medical monitoring in the Phase I clinical trial center of West China Hospital of Sichuan 
University, during the study. Safety and tolerability were evaluated by monitoring Adverse Events (AEs), and main 
indicators included laboratory tests (hematology, blood biochemistry and urinalysis), vital signs, physical examination 
and 12-lead ECG. AEs were recorded after eligible healthy Chinese subjects were randomized and the analysis of AEs 
focused on treatment-emergent adverse events (TEAEs), which were AEs that occurred after the start of drug admin-
istration. The severity degrees of AEs were judged according to Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0, and all laboratory examinations were performed in the clinical laboratory of West China Hospital, 
Sichuan University, authenticated by College of American Pathologists (CAP).

Pharmacokinetic and Statistical Analysis
Pharmacokinetic parameters were calculated using Phoenix WinNonlin Version 8.2 (Pharsight, Mountain View, CA, 
USA) using non-compartmental method, and other statistical analyses were conducted through SAS software Version 9.4 
(SAS Institute Inc., Cary, NC, USA). Pharmacokinetic characteristics in the study included peak concentration (Cmax), 
plasma area under concentration–time curve from time 0 to last measurable concentration (AUC0-t), plasma area under 
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concentration–time curve from time 0 to infinity (AUC0-∞), time to reach Cmax (Tmax), elimination half-life (t1/2) and 
terminal elimination rate constant (λz).

Pharmacokinetic concentration and parameter set (PKCS and PKPS) were analyzed in randomized subjects with at 
least one plasma concentration and pharmacokinetic parameter, respectively, and the safety analysis set (SS) referred to 
randomized subjects who had recorded safety data after receiving the study drugs. Subjects who completed at least one 
period of dosing with at least one pharmacokinetic parameter were included in the bioequivalence analysis set (BES).

For bioequivalence analysis set, the geometric mean ratios (test/reference) and their 90% CIs (confidence intervals) of 
Cmax, AUC0-t and AUC0-∞ were determined through an analysis of variance (ANOVA) mixed effect model with dosing 
period, dosing sequence and preparation factors as fixed effects, but subjects as the random effect after Cmax, AUC0-t and 
AUC0-∞ were natural logarithm transformed. The test and reference formulations of pramipexole dihydrochloride 
extended-release tablets were considered to be bioequivalent, when the 90% CIs of the geometric mean ratios (test/ 
reference) of Cmax, AUC0-t and AUC0-∞ between the test and reference formulation were within 80%~125%. Moreover, 
signed rank test was used to compare the difference of Tmax between the two formulations. p< 0.05 was statistically 
significant for tests in the study.

Results
Study Population
A total of 44 subjects and 37 subjects were screened in the fasted trial and in the fed trial, respectively, and ultimately, 28 
eligible subjects in each dietary trial were enrolled and randomized. The detailed demographic characteristics of enrolled 
subjects are demonstrated in Table 1, which were not significantly different between the fasted and fed trials (all 
p > 0.05).

A total of 56 eligible subjects in the fasted and fed trial were enrolled and randomized. In the fasted trial, one subject 
in the T-R sequence withdrew after completing the first period of administration and blood collection, and one subject in 
the T-R sequence vomited within 24 h after dosing in the second period, thus only their data in first period were included 
for analysis. Besides, the plasma concentration at the first point reached Cmax after the first period of dosing for one 
subject in the T-R sequence, so merely the results in second period were analyzed. Other subjects in the fasted trial and 
all subjects in the fed trial completed the study in line with protocol and were included in the analysis sets of 
pharmacokinetics, bioequivalence and safety. The distribution of the study subjects under fasted and fed states are 
shown in Figure 2.

Pharmacokinetic Properties
Main pharmacokinetic profiles of test and reference formulations of 0.375 mg pramipexole dihydrochloride extended- 
release tablets in healthy Chinese subjects under two dietary conditions are displayed in Table 2. In addition, the mean 
plasma concentration–time curves of pramipexole after a single oral administration of 0.375 mg test and reference 
formulations under fasted and fed conditions are shown in Figures 3 and 4 (A, linear scale; B, semi-logarithmic scale), 
respectively.

Table 1 Demographic Characteristics of Enrolled Subjects

Characteristics Administered Under  
Fasted State (N=28)

Administered Under  
Fed State (N=28)

Age (years) 25.14±4.60 25.00±4.71

Gender (male/female) 20/8 19/9

Height (cm) 166.41±8.92 164.63±7.81
Weight (kg) 64.22±9.50 60.35±8.29

BMI (kg/m2) 23.07±1.77 22.20±1.92

Notes: All data were shown as Mean ± SD, except for the gender which was presented as 
proportion. 
Abbreviations: BMI, body mass index; SD, Standard Deviation.
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After single oral dosing of 0.375 mg test and reference formulations of pramipexole dihydrochloride extended-release 
tablets under fasted state, the mean ± standard deviation (SD) of Cmax of plasma pramipexole were 409.33 ± 95.93 pg/mL 
and 413.77 ±132.03 pg/mL; AUC0-t were 8801.95 ± 1966.83 h*pg/mL and 8646.37 ± 2600.49 h*pg/mL; AUC0-∞ were 
9469.03 ± 1991.61 h*pg/mL and 9082.95 ± 2666.26 h*pg/mL; t1/2 were 11.98 ± 3.91 h and 9.85 ± 2.63 h; median (range) 
values of Tmax were 4.50 (2.00, 9.00) h and 4.50 (3.00, 12.02) h, respectively, for test and reference formulations. For the fed 
trial, the mean ± SD of Cmax of plasma pramipexole were 514.79 ± 77.42 pg/mL and 526.07 ± 92.92 pg/mL; AUC0-t were 
9025.35 ± 1476.70 h*pg/mL and 8963.48 ± 1580.62 h*pg/mL; AUC0-∞ were 9347.24 ± 1469.11 h*pg/mL and 9289.73 ± 
1569.19 h*pg/mL; t1/2 were 8.52 ± 1.55 h and 8.32 ± 1.45 h; median (range) values of Tmax were 5.00 (4.00, 12.00) h and 

Figure 2 Distribution of the study subjects under (A) fasted and (B) fed states.

Table 2 Pharmacokinetic Parameters of Pramipexole After Administration of 0.375 Mg 
Test and Reference Drugs in Healthy Chinese Subjects Under Fasted and Fed States

Parameters Pramipexole

Test Reference

Under fasted state N=27 N=26
Cmax (pg/mL) 409.33±95.93 (23.44) 413.77±132.03 (31.91)

AUC0-t (h*pg/mL) 8801.95±1966.83 (22.35) 8646.37±2600.49 (30.08)

AUC0-∞ (h*pg/mL) 9469.03±1991.61 (21.03) 9082.95±2666.26 (29.35)
#Tmax (h) 4.50 (2.00, 9.00) 4.50 (3.00, 12.02)

t1/2 (h) 11.98±3.91 (32.66) 9.85±2.63 (26.65)

λz (1/h) 0.0637±0.0194 (30.50) 0.0745±0.0169 (22.67)
Under fed state N=28 N=28

Cmax (pg/mL) 514.79±77.42 (15.04) 526.07±92.92 (17.66)

AUC0-t (h*pg/mL) 9025.35±1476.70 (16.36) 8963.48±1580.62 (17.63)
AUC0-∞ (h*pg/m) 9347.24±1469.11 (15.72) 9289.73±1569.19 (16.89)
#Tmax (h) 5.00 (3.9975, 11.9964) 5.00 (2, 9.9997)

t1/2 (h) 8.52±1.55 (18.18) 8.32±1.45 (17.42)
λz (1/h) 0.0837±0.0137 (16.40) 0.0854±0.0126 (14.80)

Notes: All values were presented as Mean ± SD (CV%), except #Tmax which was median (range). 
Abbreviations: Cmax, peak concentration; AUC0-t, plasma area under concentration–time curve from time 
0 to the last measurable concentration; AUC0-∞, plasma area under concentration–time curve from time 0 to 
infinity; Tmax, time to reach Cmax; t1/2, elimination half-life; λz, the terminal elimination rate constant; SD, 
standard deviation; CV, variation rate.
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Figure 3 Mean plasma concentration–time curves of pramipexole after oral administration of 0.375 mg test (T) and reference (R) formulations of pramipexole 
dihydrochloride sustained-release tablet under fasted condition (A, linear scale; B, semi-logarithmic scale). 
Notes: Data were presented as Mean±SD. 
Abbreviation: SD, standard deviation.
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Figure 4 Mean plasma concentration–time curves of pramipexole after oral administration of 0.375 mg test (T) and reference (R) formulations of pramipexole 
dihydrochloride sustained-release tablet under fed condition (A), linear scale; (B), semi-logarithmic scale). 
Notes: Data were presented as Mean±SD.
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5.00 (2.00, 10.00) h, respectively, for test and reference formulations. Based on the above results, the pharmacokinetic 
features of the test and reference formulations were similar under both fasted and fed conditions (all p > 0.05).

Bioequivalence Evaluation
Furthermore, bioequivalence analysis of pharmacokinetic parameters of test and reference drugs after administration is 
revealed in Table 3. The geometric mean ratios (test/reference) and 90% CIs of Cmax, AUC0-t and AUC0-∞ of 
pramipexole after administration of 0.375 mg test and reference drugs under fasted state were 98.27% (90.47– 
106.74%), 101.92% (95.74–108.51%) and 104.91% (98.24–112.04%), respectively, and the geometric mean ratios 
and 90% CIs of Cmax, AUC0-t and AUC0-∞ under fed state were 98.31% (92.62–104.36%), 100.95% (97.23–104.81%) 
and 100.86% (97.19–104.67%), respectively. As indicated in Table 3, 90% CIs of the geometric mean ratios of Cmax, 
AUC0-t and AUC0-∞ under both fasted and fed conditions were all within 80%–125%, suggesting test and reference 
formulations of pramipexole dihydrochloride extended-release tablets were bioequivalent. Meanwhile, the Tmax 

between test and reference drugs under both fasted and fed conditions showed no significant difference (p = 0.14 
and 0.44, respectively).

Safety and Tolerability
All TEAEs of test and reference formulations of 0.375 mg pramipexole dihydrochloride extended-release tablets under 
fasted and fed states are summarized in Table 4.

Among the 28 subjects in the fasted trial, 10 subjects experienced 16 TEAEs after administration, among 
which, 7 adverse events occurred in 6 subjects (21.43%) after receiving test formulation and merely 3 TEAEs 
(including dizziness, drowsiness and nausea) in 2 subjects (7.14%) were judged to be drug-related, while 9 adverse 
events happened in 5 subjects (18.52%) after taking reference drugs, all of which were considered to be drug- 
related including dizziness, nausea, vomiting, first degree atrioventricular block, palpitations, blurred vision and 
low blood pressure. For the fed trial, six subjects had eight TEAEs after dosing. A total of two adverse events 
happened in one subject (3.57%) for test formulation, all of which were drug-related such as nausea and dizziness, 
and 6 adverse events occurred in 5 subjects (17.86%) for reference formulation and 5 TEAEs (including nausea, 
diarrhea and dizziness) in 4 subjects (14.29%) were drug-related.

Grades of all TEAEs were ≤2 in severity and recovered without any intervention. No Grade ≥3 AE or AE resulting in 
discontinuation, serious AE and deaths occurred under both fasted and fed conditions during the study.

Table 3 Bioequivalence Analysis of Main Pharmacokinetic Parameters of Pramipexole After Administration of 
0.375 Mg Test and Reference Drugs in Healthy Chinese Subjects Under Fasted and Fed States

Parameters Geometric Mean Geometric Mean Ratio (%) Intra-Individual  
CV (%)

Power (%)

Test Reference Test/Reference 90% CIs

Under fasted state N=27 N=26

Cmax (pg/mL) 394.55 401.50 98.27 (90.47, 106.74) 17.29 99.29
AUC0-t (h*pg/mL) 8602.02 8439.65 101.92 (95.74, 108.51) 13.03 > 99.99

AUC0-∞(h*pg/mL) 9279.60 8845.17 104.91 (98.24, 112.04) 13.72 99.73

Under fed state N=28 N=28
Cmax (pg/mL) 509.38 518.13 98.31 (92.62, 104.36) 13.15 > 99.99

AUC0-t (h*pg/mL) 8914.73 8830.97 100.95 (97.23, 104.81) 8.25 > 99.99

AUC0-∞(h*pg/mL) 9241.95 9163.33 100.86 (97.19, 104.67) 8.15 > 99.99

Notes: Cmax and AUC between the test and reference formulation were considered to be equivalent if the 90% CIs of geometric mean ratios of 
Cmax and AUC were located within 80%–125%. 
Abbreviations: Cmax, peak concentration; AUC0-t, plasma area under concentration–time curve from time 0 to the last measurable 
concentration; AUC0-∞, plasma area under concentration–time curve from time 0 to infinity; CIs, confidence intervals; CV, variation rate.
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Discussion
Pramipexole is an approved and effective drug known as monotherapy for early PD or as an adjunctive approach to levodopa 
for advanced PD, showing less development of dyskinesia compared with levodopa treatment.2,11,19 Furthermore, novel long- 
acting formulation of pramipexole is designed and applied as a continuous delivery system, which not only exhibits similar 
efficacy and safety properties as immediate-release form,5,7,17 but also has advantages of less frequent administration, more 
stable plasma pramipexole concentration, convenient up-titration phase initiated at the lowest dosage strength 0.375 mg given 
once daily, and improved medication compliance over immediate-release pramipexole.2,15–17,20

However, pharmacokinetic properties of extended-release pramipexole in healthy Chinese subjects remained unclear. 
Therefore, a single-center, randomized, open-label, two-period crossover, single-administration study was to first 
investigate the pharmacokinetics of extended-release pramipexole and evaluate bioequivalence of 0.375 mg test and 
reference formulations of pramipexole dihydrochloride extended-release tablets in healthy Chinese subjects under fasted 
and fed states. For all eligible subjects in the study, plasma concentration of pramipexole before dosing in the second 
period was lower than the lower limit of quantification (15.0 pg/mL), furtherly verifying that the 7-day washout time was 
adequate to fully eliminate the effects of drug taken in the first period.

In our study, we showed that, after a single dose of 0.375 mg test and reference formulations under fasted condition, 
mean Cmax of plasma pramipexole were 409.33 and 413.77 pg/mL; AUC0-t were 8801.95 and 8646.37 h*pg/mL; 
AUC0-∞were 9469.03 and 9082.95 h*pg/mL; t1/2 were 11.98 and 9.85 h; both median Tmax were 4.50 h, respectively, 
for test and reference formulations. According to the data of Study 248.560 (NCT02260024) provided by US Food and 
Drug Administration (FDA) with regard to the reference formulation, the mean Cmax is 268 pg/mL; AUC0-∞ is 6610 
h*pg/mL; t1/2 is approximate 9.38 h and the median Tmax is about 9.98 h in healthy male Caucasian subjects following 
a single dose of 0.375 mg extended-release pramipexole tablet under fasted condition.21,22 As we can see, the main 
pharmacokinetic characteristics of extended-release pramipexole in healthy Chinese subjects were different from results 

Table 4 Summary of All the Treatment-Emergent Adverse Events (TEAEs) After 
Administration of 0.375 Mg Test and Reference Drugs in Healthy Chinese Subjects Under 
Fasted and Fed States

Preferred Terminology (PT) Test m,  
n (%)

Reference m,  
n (%)

Total m,  
n (%)

Under fasted state N=28 N=27 N=28
All TEAEs 7, 6 (21.43) 9, 5 (18.52) 16, 10 (35.71)

Dizziness 1, 1 (3.57) 3, 3 (11.11) 4, 4 (14.29)

Drowsiness 1, 1 (3.57) 0, 0 (0.00) 1, 1 (3.57)
Blood uric acid increased 2, 2 (7.14) 0, 0 (0.00) 2, 2 (7.14)

Blood creatinine increased 1, 1 (3.57) 0, 0 (0.00) 1, 1 (3.57)
Blood triglyceride increased 1, 1 (3.57) 0, 0 (0.00) 1, 1 (3.57)

Nausea 1, 1 (3.57) 1, 1 (3.70) 2, 2 (7.14)

Vomiting 0, 0 (0.00) 1, 1 (3.70) 1, 1 (3.57)
First degree atrioventricular block 0, 0 (0.00) 1, 1 (3.70) 1, 1 (3.57)

Palpitations 0, 0 (0.00) 1, 1 (3.70) 1, 1 (3.57)

Blurred vision 0, 0 (0.00) 1, 1 (3.70) 1, 1 (3.57)
Low blood pressure 0, 0 (0.00) 1, 1 (3.70) 1, 1 (3.57)

Under fed state N=28 N=28 N=28

All TEAEs 2, 1 (3.57) 6, 5 (17.86) 8, 6 (21.43)
Nausea 1, 1 (3.57) 2, 2 (7.14) 3, 3 (10.71)

Diarrhea 0, 0 (0.00) 1, 1 (3.57) 1, 1 (3.57)

Dizziness 1, 1 (3.57) 2, 2 (7.14) 3, 3 (10.71)
Blood creatine phosphokinase increased 0, 0 (0.00) 1, 1 (3.57) 1, 1 (3.57)

Notes: m: number of events; n: number of cases; TEAEs were defined as AEs that occurred after the start of drug 
administration. 
Abbreviation: TEAE, treatment-emergent adverse events.
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in healthy male Caucasian subjects. When compared to healthy male Caucasians, the Cmax and AUC0-∞ of pramipexole 
for both reference and test formulations were approximately increased by 50% and 40%, respectively, and average Tmax 

was reduced to 4.5 h for healthy Chinese subjects after administration at same dose under fasted state. Above tendencies 
resemble the pharmacokinetic differences between Study 248.607 (NCT02264132) and Study 248.530 (NCT02261103), 
in which, the Cmax and AUC of pramipexole are approximately 40–50% and 12–22% higher in healthy male Japanese 
subjects, respectively, when compared with data in healthy male Caucasians after oral administration of multiple 
ascending doses (0.375 mg to 1.5 mg, once-daily) of extended-release pramipexole tablets.22 The differences are most 
likely caused by the difference in body weight for the two studies, with the mean body weight of 60.2 kg in Japanese, 
while 79.3 kg in Caucasians.22 Because detailed demographic characteristics of Caucasian subjects receiving a single 
dose of 0.375 mg extended-release pramipexole tablet under fasted condition in Study 248.560 (NCT02260024) are not 
revealed, thus we cannot directly further analyze the reasons for the pharmacokinetic difference between healthy Chinese 
and Caucasians. However, we find that the main pharmacokinetic parameters of 0.375 mg extended-release pramipexole 
in healthy Chinese subjects of the study are similar to results in healthy male Japanese subjects, and the mean body 
weight of enrolled subjects in the study is also about 60 kg. In addition, although Cmax and AUC0-∞ of pramipexole are 
increased in healthy Chinese after single dose of 0.375 mg extended-release pramipexole in comparison with results in 
Caucasians, several randomized controlled trials have verified well safety and clinical efficacy of extended-release 
pramipexole in Chinese PD patients,5,23 so no special dose adjustment is required for Chinese.

The pharmacokinetic properties of the test and reference formulations were similar under both fasted and fed conditions. 
In fasted and fed states, the intra-individual variation rates of Cmax, AUC0-t and AUC0-∞ were all ≤30%, and power degrees 
of Cmax, AUC0-t and AUC0-∞ were all >99%, in addition, the geometric mean ratios (test/reference) and 90% CIs of Cmax, 
AUC0-t and AUC0-∞ were all within 80%–125% and Tmax between two formulations was not significantly different, 
furtherly verifying the bioequivalence of test and the reference formulations under fasted and fed conditions.

Besides, the food effects of reference formulation in healthy male Caucasians demonstrate that, for the highest 
strength 4.5 mg and lowest strength 0.375 mg, no food effects are observed for AUC of pramipexole after high-fat meal, 
although Cmax is increased by about 20% and 24% for 4.5 mg and 0.375 mg strengths, respectively, and steady-state Tmax 

is slightly prolonged by approximate 2 h for 4.5 mg strength under steady-state conditions, while the Tmax for 0.375 mg 
single-dose is shortened by about 4 h, compared with parameters under fasted state. The above differences are considered 
to be not clinically relevant for similar exposure under fasted and fed states.21,22 Therefore, a reference formulation of 
pramipexole dihydrochloride extended-release tablets is suggested to be taken once daily with or without food.22,24 In our 
study, the Cmax of test and reference formulations increased by 25% and 27.4%, respectively, and Tmax delayed by about 
0.5 h, but the AUC of two formulations approximately remained unchanged after high-fat meal when compared with the 
data under fasted state in healthy Chinese subjects, which was consistent with the tendency of reference formulation in 
healthy male Caucasians22,24 and the increased Cmax was also deemed as no clinical significance for the preferable safety 
profiles and similar exposures of two formulations under fed and fasted conditions, thus the test formulation of 
pramipexole dihydrochloride extended-release tablet could also be administered under either fasted or fed state.

For safety assessments throughout the study, a single dose of 0.375 mg test and reference formations of pramipexole 
dihydrochloride extended-release tablets were both well tolerated and exhibited preferable safety profiles in healthy 
Chinese subjects. All TEAEs recovered without any treatment and the drug-related TEAEs with higher incidence were 
as follows: dizziness (T drug 3.57%, R drug 11.11% under fasted state and T drug 3.57%, R drug 7.14% under fed state) and 
nausea (T drug 3.57%, R drug 3.70% under fasted condition and T drug 3.57%, R drug 7.14% under fed state), which was in 
agreement with the commonly reported drug-regarding TEAEs of prescribing information of reference formulation.22,24

Some limitations of our study should be pointed out. The pharmacokinetics, efficacy and safety of test formulation in 
patients were not explored and remained unknown in the study, which might be different from healthy subjects. 
Therefore, further clinical studies regarding test formulation of pramipexole dihydrochloride extended-release tablets 
in patients with PD are needed, especially the incidences of impulse control disorder should be emphasized and noticed 
in PD patients while taking extended-release pramipexole according to the prescribing information of reference 
formulation.24
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Conclusion
The test formulation of 0.375 mg pramipexole dihydrochloride extended-release tablet manufactured by Yangtze River 
Pharmaceutical Group Co., Ltd. (Jiangsu, China) was bioequivalent to 0.375 mg reference formulation (Trade name: 
Sifrol®) under both fasted and fed conditions, and two formulations could be administered under either fasted or fed 
state. In addition, a single oral administration of 0.375 mg of the two formulations was well tolerated with favorable 
safety profiles in healthy subjects. These results in the study support further subsequent clinical studies of test 
formulation of pramipexole dihydrochloride extended-release tablets in patients with Parkinson’s disease.
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