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A sensitive and high throughput ultra-performance liquid
chromatography tandem mass spectrometry (UPLC-MS-MS)
method has been developed for the determination of pramipexole,
a dopamine agonist, in human plasma. Sample preparation involved
liquid-liquid extraction of pramipexole and ranitidine as the
internal standard (IS) in ethyl acetate from 100 pL human plasma.
The chromatographic separation is achieved on a Waters Acquity
UPLC BEH C18 (100 mm x 2.1 mm, 1.7 pm) analytical column
using an isocratic mobile phase, consisting of 10 mM ammonium
formate (pH 7.50)-acetonitrile (15:85, v/v), at a flow-rate of 0.5
mL/min. The precursor — product ion transition for pramipexole
(m/z 212.1 — 153.0) and IS (m/z 315.0 — 176.1) were monitored
on a triple quadrupole mass spectrometer, operating in the multiple
reaction monitoring (MRM) and positive ion mode. The method was
validated over a wide dynamic concentration range of 20-4020
pg/mL. Matrix effect is assessed by post-column infusion
experiment and the process efficiency were 91.9% and 85.7 % for
pramipexole and IS, respectively. The method is rugged and rapid
with a total run time of 1.5 min and is applied to a bioequivalence
study of 0.25 mg PPX tablet formulation in 30 healthy Indian male
subjects under fasting condition.

Introduction

Pramipexole [PPX, (6S)-N6-propyl-4,5,6,7-tetrahydro-1,3-ben-
zothiazole-2,6-diamine] is a non-ergoline dopamine agonist
used for the treatment of Parkinson’s disease and idiopathic rest-
less legs syndrome in adults (1,2). It acts by binding selectively to
dopamine D,-like receptors; in particular it shows high affinity
for the D3 receptor subtype (3). It is effective both as
monotherapy in the early stages and in the advanced phases in
association with levodopa, which improves the motor fluctua-
tions and dyskinesias. PPX has proved to exert neuroprotector
effects and its use in clinical practice from the early stages of
Parkinson’s disease due to delay in the appearance of motor com-
plications. PPX is free of severe side effects (fibrosis and valve dis-
ease) linked with ergotic dopaminergic agonists and causes
fewer digestive and dysautonomic alterations (4). PPX is com-
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mercially available as the pure (S)-enantiomer, while its (R)-
enantiomer is reported to show a 100-fold lower affinity for
dopamine receptors (5). PPX is ~ 15% protein bound and is well
absorbed after oral administration with bioavailability greater
than 90%. It is generally administered three times daily, with
dose ranging from 0.375-1.5 mg/day for Parkinson’s disease (6),
while a single daily administration (0.125-0.50 mg/day) is rec-
ommended for restless legs syndrome (2). Because elimination is
primarily by renal clearance, accumulation of the drug can occur
in patients with renal dysfunction and dosage reduction must be
envisaged (7).

Due to very low PPX therapeutic levels, it is essential to
develop sensitive, rugged, and rapid bioanalytical methods for its
determination in biological fluids to minimize the risk of drug
accumulation, for the optimization of therapy, and to reduce the
frequency of adverse effects. The analysis of PPX in bulk drug and
dosage form has been described by high-performance liquid
chromatography (HPLC)-UV (8,9) methods. Pathare et al. (10)
developed a chiral liquid chromatography method for the enan-
tiomeric separation of PPX in bulk drugs. Few methods are pre-
sented to date for the determination of PPX in bhiological
matrices like urine (11,12) and human plasma (11,13-15).

Lau et al. (11) have determined PPX in urine and human
plasma by ion-pair chromatography on a Zorbax Rx C8 column
with electrochemical and UV detection. The assay was linear in
the range of 10-10000 ng/mL in urine and 0.050-15 ng/mL in
human plasma. However, the method required very long (> 15
min) HPLC analysis run time. Recently, Musenga and co-
workers (12) analyzed PPX in human urine by capillary elec-
trophoresis with laser-induced fluorescence detection. The limit
of detection and limit of quantitation were 10.0 and 25 ng/mL,
respectively. The method involved a lengthy sample pre-treat-
ment, which included LLE in ethyl acetate followed by derivati-
zation and incubation for 4 h at 45°C. A sensitive method (50
pg/mL) for estimating PPX in human plasma by HPLC with
atmospheric pressure chemical ionization tandem mass spec-
trometry (MS) has been presented by Lau et al. (13). The chro-
matographic analysis time was less than 5 min, but it employed
a large plasma volume (1 mL) for processing. Also, the method
was applied to study the pharmacokinetics of 0.25 mg oral dose
of PPX administered to only one human volunteer. A less sensi-
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tive (200 pg/mL) but high throughput method has been pro-
posed by Nirogi et al. (14) using 0.5 mL plasma for the quantifi-
cation of PPX by LC-MS-MS. Very recently, Bharathi and
co-workers (15) have developed and validated a highly sensitive
and rapid LC-MS-MS method for PPX in 0.5 mL human plasma
employing solid-phase extraction. The method was linear from
20-3540 pg/mL and the chromatographic run time was 3.0 min.

Ultra-high performance liquid chromatography (UHPLC) is
emerging as a rapid device to separate complex mixtures in both
isocratic and gradient modes. This technology is capable of
achieving higher peak capacity, speed, and sensitivity than con-
ventional HPLC by using sub-2 pm particles and optimized
instrumentation. The frictional heating effect caused by sub-2
pum particles is minimized using 1.0-2.1-mm inner diameter
(i.d.) columns and provides favorable sample loading capacity. In
addition, solvent consumption can be significantly reduced com-
pared to conventional 4.6 mm i.d. columns (16,17). Thus, in the
present work an accurate, simple, and rapid UHPLC-MS-MS
method has been developed and fully validated for reliable mea-
surement of PPX in subject samples. The method requires only
100 pL human plasma for LLE and demonstrates excellent per-
formance in terms of ruggedness and efficiency (1.5 min per
sample). Interference due to matrix was ascertained by post
column infusion technique. It was successfully applied to a bioe-
quivalence study of 0.25 mg PPX tablet formulation in 30 healthy
Indian male subjects under fasting condition.

Experimental

Chemicals and materials

Reference standards of pramipexole dihydrochloride (99.4%)
and ranitidine hydrochloride (IS, 99.7%) were obtained from
Samex Overseas (Ahmedabad, India). HPLC-grade methanol and
acetonitrile were procured from Mallinckrodt Baker, S.A.de C.V.
(Estado de Mexico, Mexico). HPLC-grade ethyl acetate, ammonia
solution, and sodium hydroxide pellets were purchased from
Merck Specialties Pvt. Ltd. (Mumbai, India), while ammonium
formate was from Sigma-Aldrich (St. Louis, MO). Water used in
the entire analysis was prepared from Milli-Q water purification
system from Millipore (Bangalore, India). Blank human plasma
was obtained from Supratech Micropath (Ahmedabad, India) and
was stored at —20°C until use.

Liquid chromatographic conditions

A Waters Acquity UPLC system (MA) consisting of binary sol-
vent manager, sample manager, and column manager was used
for setting the reverse-phase liquid chromatographic conditions.
The analysis of PPX and IS was performed on a Waters Acquity
UPLC type BEH, C18 (100 x 2.1 mm, length x inner diameter)
analytical column with 1.7-pm particle size and maintained at
40°C in a column oven. For isocratic separation, the mobile
phase consisted of ammonium formate (10mM, pH 7.50 adjusted
with ammonia)-acetonitrile (15:85, v/v). The flow rate of the
mobile phase was maintained at 0.5 mL/min. The total chro-
matographic run time was 1.5 min. The sample manager tem-
perature was maintained at 5°C and the pressure of the system
was 4500 psi.
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Mass spectrometric conditions

Tonization and detection of PPX and IS was carried out on a
triple quadrupole mass spectrometer, MDS SCIEX API-4000
(Toronto, Canada), equipped with turbo ion spray interface and
operating in positive ion mode. Quantitation was performed using
multiple reaction monitoring (MRM) mode to monitor precursor
— product ion transitions for PPX m/z 212.1 — 153.0 and m/z
315.0 — 176.1 for IS (Figure 1). The source dependent parame-
ters maintained for both the drugs were: Gas 1 (nebulizer gas), 50
psig; Gas 2 (heater gas), 60 psig; ion spray voltage (ISV), 5500 V;
turbo heater temperature (TEM), 400°C; interface heater (Ihe),
ON; entrance potential (EP), 10 V; collisional activation dissocia-
tion (CAD), 6 psig and curtain gas (CUR, nitrogen), 15 psig. The
optimum values for compound dependent parameters like declus-
tering potential (DP), collision energy (CE) and cell exit potential
(CXP) set were 50, 21, and 10 eV for PPX and 14, 21, and 4.0 eV for
IS, respectively. Quadrupole 1 and 3 were maintained at unit mass
resolution and the dwell time was set at 200 ms for both the drugs.
Data collection, peak integration, and calculations were per-
formed using Analyst classic software version 1.4.1.

Standard stock, calibration standards, and quality control
sample preparation

The standard stock solution of pramipexole (1 mg/mL) was
prepared by dissolving requisite amount in methanol.
Calibration standards and quality control (QC) samples were pre-
pared by spiking (2% of total plasma volume) blank plasma with
stock solution. Calibration curve standards were made at 20.0,
40.0, 125, 251, 502, 1005, 2010, and 4020 pg/mL concentrations,
respectively, while quality control samples were prepared at four
levels, viz. 3663 pg/mL (HQC, high quality control), 308 pg/mL
(MQC, middle quality control) 55.0 pg/mL (LQC, low quality
control), and 20.5 pg/mL (LLOQ QC, lower limit of quantifica-
tion quality control). Stock solution (1 mg/mL) of the internal
standard (IS) was prepared by dissolving 25.0 mg of ranitidine in
25.0 mL of methanol. Its working solution (50 ng/mL) was pre-
pared by appropriate dilution of the stock solution in methanol.
All the solutions (standard stock, calibration standards and
quality control samples) were stored at 2-8°C until use.
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Figure 1. Product ion mass spectra of (A) pramipexole (m/z 212.1 — 153.0,
scan range 50-250 amu) and (B) internal standard, ranitidine (m/z 315.0 —
176.1, scan range 100-350 amu) in positive ionization mode.
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Sample extraction protocol

Prior to analysis, all frozen subject samples, calibration stan-
dards, and quality control samples were thawed and allowed to
equilibrate at room temperature. To an aliquot of 100 pL of
spiked plasma sample, 50 pL of IS was added and vortexed for 10
s. Further, 50 pL of 0.5 N sodium hydroxide solution was added
and vortexed for another 10 s. LLE was carried out with 2.0 mL
of ethyl acetate on rotary mixer (rotospin) for 5 min at 32 x g.
Samples were then centrifuged at 3204 x g for 5 min at 10°C.
After centrifugation, 1.5 mL of the supernatant organic layer was
transferred and evaporated to dryness in a thermostatically con-
trolled water-bath maintained at 40°C under a gentle stream of
nitrogen. The dried samples were reconstituted in 100 pL of
mobile phase and 2 pL was used for injection in the chromato-
graphic system.

Method Validation

The bioanalytical method was thoroughly validated following
the USFDA guidelines (18). System suitability experiments were
performed by injecting six consecutive injections using aqueous
standard mixture of PPX (308 pg/mL) and ranitidine (50 ng/mL)
at the start of each batch during method validation. System per-
formance was studied by injecting one extracted LLOQ sample
with IS at the beginning of each analytical batch and before re-
injecting any sample during method validation. The carryover
effect of the autosampler was evaluated by sequentially injecting
solutions of aqueous standard of PPX, reconstitution solution
(mobile phase), standard blank, and extracted standard of PPX
equivalent to highest standard in the calibration range.

The selectivity of the method towards endogenous plasma
matrix components was assessed in 12 different batches (6
normal of K3 EDTA, 2 haemolysed, 2 lipemic, and 2 heparinised)
of blank plasma. A check for interference due to commonly used
medications in human volunteers was done for paracetamol,
chlorpheniramine maleate, caffeine, acetylsalicylic acid and
ibuprofen. Their stock solutions (100 pg/mL) were prepared by
dissolving requisite amount in methanol. Further, working solu-
tions (100 ng/mL) were prepared in the mobile phase, and 2 pL
was injected to check any possible interference at the retention
time of PPX and IS.

The linearity of the method was determined by analysis of five
linearity curves containing eight non-zero concentrations. The
area ratio response for PPX/IS obtained from multiple reaction
monitoring was used for regression analysis. Each calibration
curve was analyzed individually by using least square weighted
(1/%) linear regression, which was finalized during pre-method
validation. A correlation coefficient (r%) value > 0.99 was desir-
able for all the calibration curves. The lowest standard on the cal-
ibration curve was accepted as the lower limit of quantitation
(LLOQ), if the analyte response was at least five times more than
that of drug free (blank) extracted plasma. In addition, the ana-
lyte peak of LLOQ sample should be identifiable, discrete, and
reproducible with a precision (%CV) no greater than 20% and
accuracy within 80-120%. The deviation of standards other than
LLOQ from the nominal concentration should not be more than
+ 15%.

For determining the intra-batch accuracy and precision, repli-
cate analysis of plasma samples of PPX was performed on the
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same day. The run consisted of a calibration curve and five repli-
cates of LLOQ QC, LQC, MQC, and HQC samples. The inter-assay
accuracy and precision were assessed by analyzing five precision
and accuracy batches on three consecutive validation days. The
deviation at each concentration level from the nominal concen-
tration was expected to be within + 15% except LLOQ, for which
it should be within + 20%. Similarly, the mean accuracy should
not deviate by + 15% except for the LLOQ where it can be + 20%
of the nominal concentration.

Ion suppression/enhancement effects on the MRM
LC-MS-MS sensitivity were evaluated by the post column ana-
lyte infusion experiment. A standard solution containing PPX (at
MQC level) and ranitidine (IS) was infused post column via a “T”
connector into the mobile phase at 10 pL/min employing in-
built infusion pump. Aliquots of 2 pL of extracted control plasma
were then injected into the column by the auto-sampler and
MRM LC-MS-MS chromatogram was acquired for PPX. Any dip
in the baseline upon injection of double blank plasma (without
IS) would indicate ion suppression, while a peak at the retention
time of PPX or IS indicates ion enhancement.

The relative recovery, matrix effect, and process efficiency
were assessed as recommended by Matuszewski et al. (19). All
three parameters were evaluated at HQC, MQC, and LQC levels
in six replicates. Relative recovery (RE) was calculated by com-
paring the mean area response of pre-spiked samples (spiked
before extraction) to that of extracts with post-spike samples
(spiked after extraction) at each QC level. The recovery of IS was
similarly estimated. Absolute matrix effect (ME) was assessed by
comparing the mean area response of unextracted samples
(spiked after extraction) with mean area of neat standard solu-
tions. The overall “process efficiency” (%PE) was calculated as
(ME x RE)/100. Further, the effect of plasma matrix (relative
matrix effect) on analyte quantification was also checked in six
different batches/lots of plasma. From each batch, six samples at
LLOQ level were prepared (spiked before extraction) and checked
for the % accuracy and precision (% CV). The deviation of the
standards should not be more than + 15% and at least 90% of
the lots at each QC level should be within the aforementioned
criteria.

All stability results were evaluated by measuring the area
response (PPX/IS) of stability samples against freshly prepared
comparison standards with identical concentration. Stock solu-
tions of PPX and IS were checked for short-term stability at room
temperature and long-term stability at 2-8°C. The solutions
were considered stable if the deviation from nominal value was
within + 10.0%. Autosampler stability (wet extract), dry extract,
bench top (at room temperature), and freeze-thaw stability were
performed at LQC and HQC using six replicates at each level.
Freeze-thaw stability was evaluated by successive cycles of
freezing (at —20°C and —=70°C) and thawing (without warming) at
room temperature. Long-term stability of spiked plasma samples
stored at —20°C and -70°C was also studied at both these levels.
The samples were considered stable if the deviation from the
mean calculated concentration of freshly thawed quality control
samples was within + 15.0%.

To authenticate the ruggedness of the proposed method, it was
performed on two precision and accuracy batches. The first
batch was analyzed by different analysts, while the second batch
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was studied on two different columns. Dilution integrity experi-
ment was evaluated by diluting the stock solution prepared as
spiked standard at 8040 pg/mL PPX concentration in the
screened plasma. The precision and accuracy for dilution
integrity standards at 1/5th (1608 pg/mL) and 1/10th (804
pg/mL) dilution were determined by analyzing the samples
against calibration curve standards.

Bioequivalence study design

The design of the study comprised of “An open label, balanced,
randomized, two-treatment, two-period, two-sequence, single
dose, crossover bioequivalence study of a test formulation of
pramipexole hydrochloride (0.25 mg tablets of an Indian
Company) and a reference formulation (Sifrol tablets containing
0.25 mg pramipexole hydrochloride) in 30 healthy adult Indian
subjects under fasting conditions”. Each subject was judged to be
in good health through an evaluation of medical history, physical
examination, and routine laboratory tests. Written consent was
taken from all the subjects after informing them about the objec-
tives and possible risks involved in the study. An independent
ethics committee constituted as per Indian Council of Medical
Research (ICMR) approved the study protocol. The study was
conducted strictly in accordance with guidelines laid down by
International Conference on Harmonization and USFDA (20).
The subjects were orally administered a single dose of test and
reference formulations after recommended wash out period of 7
days with 200 mL of water. Blood samples were collected at 0.0
(pre-dose), 0.33, 0.66, 1.0, 1.3, 1.6, 2.0, 2.3, 2.6, 3.0, 3.3, 3.6, 4.0,
5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 36.0, and 48.0 h after oral
administration of the dose for test and reference formulation in
labeled EDTA-vacuettes. The maximum volume of blood with-
drawn during the entire study was 287 mL, which included
(other than for measurement) up to 10 mL for screening, ~ 10
mL for post study safety assessment (hematology and biochem-
ical tests) while 0.5 mL of heparinised blood was discarded prior
to each sampling through venous cannula. Plasma was separated
by centrifugation and kept frozen at —20°C until the completion
of period and then at —-50°C until analysis. During study, subjects
had a standard diet while water intake was free. An incurred
sample re-analysis (assay reproducibility test) was also con-
ducted by computerized random selection of 20 subject samples.
The results obtained were compared with the data obtained ear-
lier for the same sample using the same procedure. The percent
change in the value should not be more than + 20% (21).

Results and Discussion

Method development

The present study was conducted using electrospray ioniza-
tion (ESI) for MRM UHPLC-MS-MS analyses to attain high sen-
sitivity and a good linearity in regression curves. As PPX and IS
have primary, secondary and/or tertiary amine groups that can
be protonated in solution under the experimental conditions, the
intensity found was much higher in the positive mode compared
to the negative mode. Q1 MS full scan spectra for PPX and IS pre-
dominantly contained protonated precursor [M+H]* ions at m/z
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212.1 and 315.0, respectively. The most abundant product ions in
Q3 MS spectra for PPX and IS were observed at m/z 153.0 (cor-
responding to 2-amino benzothiazole) and 176.1 respectively at
21 eV collision energy. The source-dependent and compound-
dependent parameters were suitably optimized to obtain a con-
sistent and sufficient response for the analyte.

Nirogi et al. (14) have presented a LLE procedure with tert-
butylmethylether—dichloromethane (8:2, v/v) to extract PPX
under alkaline conditions. Their extraction recovery for PPX and
tamsulosin hydrochloride (IS) was 96.1% and 77.6%, respec-
tively, from 0.5 mL human plasma. Solid-phase extraction (SPE)
of PPX on Oasis HLB cartridges has also been reported by
Bharathi et al. (15); however, their mean extraction recovery was
only 59.2% for PPX. Thus, based on sensitivity, matrix effect, and
reproducibility requirements, both these extraction techniques
were tried during method development. Reproducibility and
recovery data for both the drugs supported LLE to be used as the
extraction technique. The SPE under alkaline condition gave
reproducible results in terms of accuracy and precision (< 15%)
but showed significant ion suppression (> 20%) at LLOQ and
LLOQ QC levels. LLE was tested to isolate the drug from plasma
under alkaline (0.1-1.0 N NaOH) conditions using diethyl ether
(alone and in combination with dichloromethane), methyl fert
butyl ether, n-hexane and ethyl acetate as extracting solvents.
Quantitative and consistent recoveries were obtained at all QC
levels for PPX and IS with ethyl acetate using 50 pL, 0.5 N NaOH.
The recovery in other solvent systems was > 70% but was incon-
sistent with some ion suppression (greater than 15% CV).

Reported procedures have employed 5 pm particle size and 4.6
mm inner diameter columns with run times > 3.0 min (14,15).
Thus, in the present work, chromatographic separation of PPX
and IS was initiated on Waters Acquity UPLC BEH C-18 (100 x
2.1 mm, 1.7 pm particle size) column to achieve a short run time,
good peak shapes, minimum matrix interference, and solvent
consumption. The column has a wide pH working range (1-12)
with a surface area of 187 m%g and an average pore diameter of
147 A. To find the best eluting solvent system, various com-
binations of methanol-acetonitrile with acidic and alkaline
buffers (formic acid-acetic acid-ammonium formate—ammonium
acetate, ammonia-ammonium formate) in different volume
ratios were tested. Higher sensitivity, efficiency, and symmetric
peak shapes were obtained with ammonium formate (10 mM, pH
7.50 adjusted with ammonia)-acetonitrile (15:85, v/v) as the
mobile phase. The total run time of 1.5 min ensured elution of
PPX and IS at 1.05 and 0.95 min, respectively. Representative
chromatograms in Figure 2 of extracted blank human plasma
(double blank), blank plasma fortified with IS (m/z 315.0 —
76.1), PPX at LLOQ (m/z 212.1 — 153.0), and an actual subject
sample at 2.0 h demonstrates the selectivity of the method. The
extraction procedure together with mass detection gave very
good selectivity for the analysis of PPX and IS in the blank
plasma. None of the commonly used medications by human vol-
unteers showed interfering signals at the retention time of PPX
or the IS. Results of post-column infusion experiment in Figure
3 indicate no ion suppression or enhancement at the retention
time of PPX and IS. Significant ion suppression (> 15%) was
observed around 1.35 min, however, it did not affect the quanti-
tation of PPX in subsequent measurements. The average matrix
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factor value calculated as the response of post spiked
sample/response of neat solutions in mobile phase at the LLOQ
levels was 0.97, which indicates a minor suppression of 3%.

A general IS was used to minimize any analytical variation due
to solvent evaporation, extraction efficiency, integrity of the
column, and ionization efficiency of PPX. Ranitidine used as an
IS in the present study had similar chromatographic behavior,
similar protein binding, and was easily extracted with ethyl
acetate. There was no effect of IS on analyte recovery, sensitivity,
or ion suppression.

Assay performance and validation

Throughout the method validation, the precision (%CV) of
system suitability test was observed in the range of 0.07% to
0.14% for the retention time and 1.01% to 1.5% for the area
response of both the drugs (PPX and IS), which is not more than
the acceptance criteria of 4%.

Carry-over evaluation was performed in each analytical run so
as to ensure that it does not affect the accuracy and the precision
of the proposed method. There was no carry-over observed during
autosampler carryover experiment. No enhancement in the
response was observed in double blank after subsequent injec-
tion of highest calibration standard (aqueous and extracted) at
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Figure 2. MRM ion-chromatograms of (A) double blank plasma (without IS)
(B) blank plasma with ranitidine (IS), (C) pramipexole at LLOQ (m/z 212.1 -
153.0) and IS (D) real subject sample at 2.0 h after administration of 0.25 mg
dose of pramipexole.
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the retention time of PPX and IS, respectively.

All five calibration curves were linear over the concentration
range of 20.0-4020 pg/mL. A straight-line fit was made through
the data points by least square regression analysis to give the
mean linear equation y = 0.00100x + 0.00243, where y is the
peak area ratio of the analyte/IS, and x the concentration of the
analyte. The mean standard deviation value for slope, intercept
and correlation coefficient (r2) observed were 0.00039, 0.00167,
and 0.0008, respectively. The accuracy and precision (%CV)
observed for the calibration curve standards ranged from 91.2%
t0 106.2% and 3.1 to 7.1, respectively (Table I). The lowest con-
centration (LLOQ) in the standard curve that can be measured
with acceptable accuracy and precision was found to be 20 pg/mL
in plasma at a signal-to-noise ratio (S/N) of > 100.

The intra- and inter-batch precision and accuracy were estab-
lished from validation runs performed at HQC, MQC, LQC, and
LLOQ QC levels (Table II). The intra-batch precision (%CV)
ranged from 1.6% to 6.0%, and the accuracy was within 96.4%
to 105.5%. For the inter-batch experiments, the precision varied
from 3.1% to 8.6%, and the accuracy was within 100% to
103.6%.

The relative recovery, absolute matrix effect, and process effi-
ciency data for PPX and IS at LQC, MQC, and HQC levels is pre-
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Figure 3. Post column analyte infusion experiment for (A) pramipexole and
(B) ranitidine.

Table 1. Summary of Calibration Curve with Back-Calculated Concentration for Pramipexole*

STD-1 STD-2 STD-3 STD-4 STD-5 STD-6 STD-7 STD-8
Nominal concentration (pg/mL) Regression Parameters
ID No. 20.0 40.0 125 251 502 1005 2010 4020 Slope Intercept r2
1 19.2 43.8 126 245 551 1047 1876 3648 0.00074 0.00018 0.9968
2 20.5 39.2 116 262 553 1003 1934 3945 0.00081 0.00417 0.9981
3 20.3 39.0 125 268 508 1013 1721 4365 0.00089 0.00135 0.9969
4 203 38.7 127 275 519 1015 1734 4100 0.00088 0.00264 0.9972
5 20.8 36.4 138 233 536 1091 1903 3762 0.00168 0.00381 0.9959
Mean 20.2 39.4 126 257 533 1034 1834 3964 0.00100 0.00243 0.9970
S.D. 0.6 2.7 8.0 17.3 19.6 36.0 98.9 283.0 0.00039 0.00167 0.0008
% CV 3.1 6.9 6.3 6.7 3.7 3.5 5.4 7.1
% Nominal ~ 100.5 98.1 100.5 102.1 106.2 102.9 91.2 98.6
* CV = coefficient of variance; S.D. = standard deviation; r2 = correlation coefficient.
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Table I1. Intra-batch and Inter-batch Precision and Accuracy for Pramipexole*

sented in Table III. The process effi-
ciency/absolute recovery obtained for PPX
and IS was gdreater than 91% and 84%,

* CV = coefficient of variance; n = total number of observations.
*Mean of 5 replicates at each concentration.
#Mean of 5 replicates for five precision and accuracy batches.

Intra-batch Inter-batch .
. respectively, at all QC levels. Further, the
Nominal Mean conc. Mean conc. . . .

. . . . more important parameter in the evaluation
conc. observed % % observed % % d validati fabi Ivtical hod

QCID (ng/mL) n (pg/mL)t (0% Accuracy n (pg/mL)*  CV  Accuracy an, va 1. athn O. a bioanalytica met 0
using biofluids is the demonstration of
HQC 3663 5 3791 16 1035 25 3795 311036 absence of “relative” matrix effect, which
MQC 308 5 325 2.8 105.5 25 315 68 1023 compares the precision (%CV) values
LQc 55.0 5 53.1 26 96.4 25 550 86 1000 between different lots (sources) of plasma
LLOQQC 205 > 212 60 1034 25 207821010 (spiked after extraction) samples. The preci-

sion results varied from 1.35-2.58% for dif-
ferent plasma lots with accuracy between
96.2-98.5% at the LLOQ level (Table IV).

The stability of the PPX and IS in human

Table 111. Absolute Matrix Effect, Relative Recovery, and Process Efficiency for Pramipexole

plasma and stock solutions was examined
under different storage conditions. Samples

for short-term stability remained unchanged

* Coefficient of variation

** B/A x 100 /B x 100

* Mean area ratio (analyte/IS) response of six replicate samples prepared in mobile phase (neat samples)

* Mean area ratio (analyte/IS) response of six replicate samples prepared by spiking in extracted blank plasma
§ Mean area ratio (analyte/IS) response of six replicate samples prepared by spiking before extraction
#C/A x 100 = (ME x RE)/100

(% ME** (% RE)H (% PE)¥ k X
Qc up to 6 h, while the stock solutions for long
level A*(%CV'  B(%CVT  C%CVt  PX 5 PPX IS PPX S term stability of PPX and the IS were stable
LQC  0036(15 003437 003340 944 913 971 955 917 872 for a minimum °£6 days at refrigerated tem-
MQC 020225 018824  0185(.0) 931 907 984 932 916 845 perature below 8°C. PPX in control human
HQC 242701300 226309 224534 932 899 992 949 95 853 | Plasma (bench top) at room temperature

was stable at least for 6 h at 25°C and for
minimum of three freeze and thaw cycles at
—-20°C and -70°C. Spiked plasma samples
stored at —20°C and —=70°C for long term sta-
bility experiment were found stable for a

Table IV. Relative Matrix Effect in Six Different Lots of Human
Plasma (Spiked After Extraction) for Pramipexole at LLOQ level
(n=06)

Mean area ratio

Lot No. (analyte/IS) response % CV % Accuracy
1 0.0126 135 96.9
2 0.0128 1.82 98.5
3 0.0125 150 96.2
4 0.0127 2.10 97.7
5 0.0125 2.58 96.3
6 0.0126 1.95 96.8
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Figure 4. Mean plasma concentration-time profile of pramipexole after oral
administration of test formulation of pramipexole hydrochloride (0.25 mg
tablets of an Indian Company) and a reference formulation (Sifrol tablets
containing 0.25 mg pramipexole hydrochloride) to 30 healthy volunteers
under fasting condition.
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minimum period of 139 days. Dry extract
stability of the spiked quality control samples stored at 20 °C
was determined up to 27 h. Autosampler stability (wet extract) of
the spiked quality control samples maintained at 5°C was deter-
mined up to 16 h without significant drug loss. The percentage
change for different stability experiments in plasma at two QC
levels varied from —=9.9% to 1.7% as shown in Table V.

The dilution integrity experiment was performed with an aim
to validate the dilution test to be carried out on higher analyte
concentration above the upper limit of quantification (ULOQ),
which may be encountered during real subject sample analysis.
The precision for dilution integrity of 1/5 and 1/10th dilution
were 1.5% and 3.5%, while the accuracy results were 100.9 and
101.6%, respectively, which is within the acceptance limit of
15% for precision (%CV) and 85% to 115% for accuracy.

Method ruggedness was evaluated using re-injection of ana-
lyzed samples on two different columns of the same make and
also with different analysts. The precision (%CV) and accuracy
values for two different columns ranged from 1.6% to 7.0% and
96.2% to 105.5%, respectively, at all four quality control levels.
For the experiment with different analysts, the results for preci-
sion and accuracy were within 5.4% to 6.2% and 90.0% to
101.4%, respectively, at these levels.

Application to a pharmacokinetic-bioequivalence study

The validated method has been successfully used to quantify
PPX concentration in human plasma samples after the adminis-
tration of a single 0.25 mg oral dose of PPX. Figure 4 shows the
plasma concentration vs. time profile of PPX in human subjects
under fasting condition. The method was sensitive enough to

o
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monitor the PPX plasma concentration up to 48 h. In all ~ 2000
samples, including the calibration, QC, and volunteer samples,
were run and analyzed during a period of 5 days, and the preci-
sion and accuracy were well within the acceptable limits. The
mean pharmacokinetic parameters obtained for the test and ref-
erence formulation are presented in Table VI. The values for
Crna Trnax t12, AUCy_ and AUC,_ ;s are comparable with a phar-
macokinetic study in 14 Indian subjects reported by Bharathi et
al. (15) with 0.25 mg dose of PPX. The 90% confidence interval
of individual ratio geometric mean for test/reference was within
80-125% for AUCy _;, AUCy _ins, and Cx. The % change in the
randomly selected subject samples for incurred samples (assay
reproducibility) analysis was within + 11% (Table VII). This
authenticates the reproducibility and ruggedness of the pro-
posed method. Further, there was no adverse event during the
course of the study.

Comparison with reported methods

The method presented has the highest sensitivity and employs
minimum plasma volume (100 L) for processing compared to
other procedures (11,13-15). Moreover, the total analysis time
(extraction and chromatography) is the shortest compared to all
other methods reported for PPX (11-15). Also, the on-column
loading of PPX at LLOQ was only 0.04 pg per sample injection
volume, which is 10 times lower for an equally sensitive method
reported by Bharathi et al. (15). A detailed comparison of
reported procedures with the present method for PPX determi-
nation in human plasma is given in Table VIIL.
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Conclusions

To summarize, the UHPLC-MS-MS method for the quantita-
tion of pramipexole in human plasma was developed and fully
validated as per USFDA guidelines. The method offers significant
advantages over those previously reported, in terms of lower
sample requirements, simplicity of extraction procedure, and
overall analysis time. The efficiency of LLE and a chromato-
graphic run time of 1.5 min per sample make it an attractive pro-
cedure in high-throughput bioanalysis of pramipexole. With
dilution integrity up to 10-folds, it is possible to extend the upper
limit of quantification to 8040 pg/mL. In addition, the carry-over
test, post column infusion study and the effect of commonly used
medications by subjects is also studied in the present work. The
current method has shown adequate sensitivity and selectivity
for the quantification of pramipexole in human plasma in a clin-
ical study.

Table VI. Mean Pharmacokinetic Parameters Following Oral
Administration of 0.25 mg Tablet Formulation (Test and
Reference) of Pramipexole in 30 Healthy Human Subjects

Mean + SD
Parameter Test Reference
Coax (/ML) 463 + 144 456+ 136
Tonax () 2108 2111
ty (h) 9.1+35 90+2.8
AUCy_ 451 (h.pg/ml) 5319+ 1620 5117 1526
AUCy_ o (h.pg/mL) 5825+ 1715 5637 + 1571

Cinax = Maximum plasma concentration.
Table V. Stability of Pramipexole Under Different Conditions (n = 6) Tonax = time point of maximum plasma concentration.

ty, = half life of drug elimination during the terminal phase.

AUC, _, = area under the plasma concentration-time curve from zero hour to 48 h.

Calculated conc. (pg/mL) AUC, _;, = area under the plasma concentration-time curve from zero hour to infinity.

Storage Nominal Conc. Mean, stability
condition (pg/mL) samples + SD % Change*

Table VII. Sample Reproducibility Data for Pramipexole
Bench Top Stability; 6 hours
HQC 3663 3725+ 195 1.7 Sr. No. Initial Value (ng/mL) Repeat Value (ng/mL) % Change*
LQC 55 53+1.3 -3.6
Wet Extract Stability; 16 h o1 413 389 -9
HQC 3663 3301 £ 40 99 02 529 540 21
LQC 55 53+2.1 36 03 495 o1 39
Dry Extract Stability; 27 h 8: 415 9 323 s 71_??)
HQC 3663 3916 +398 0.9 06 365. 360‘ 4 :3
LQC 55 52£09 55 07 549 50.1 92
Freeze & Thaw Stability; 3 Cycles, -20°C 08 53.7 504 64
HQC 3663 3552 £ 108 -3.0 09 356 370 4.0
LQC 55 55+2.7 -0.1 10 50.2 48.0 4.4
Freeze & Thaw Stability; 3 Cycles, -70°C 11 419 447 6.4
HQC 3663 3616120 -1.3 12 351 3 -8.8
LQC 55 53417 36 13 82.5 89.1 7.8
Long Term Matrix Stability; 139 days, -20°C }‘5‘ 4;8 0 32; ) "3;’
HQC 3663 3750 + 149 24 1% 52:0 52:9 ]:7
LQC 55 57+34 3.6 17 69.7 6.6 45
Long Term Matrix Stability; 139 days, -70°C 18 493 520 57
HQC 3663 3461 £136 5.5 19 551 494 110
LQC 55 55+3.3 -0.1 20 86.2 82.4 45
9% Change = Mean stability samples - Mean cornparison samples/Nominal conc. 100 4l Change = (Repeaf v‘a‘Iue - Initial value) <100

Mean comparison samples Mean of initial and repeat values
817
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Table VIII. Comparison of Analytical Methods Developed for Pramipexole in Human Plasma*

Sr. Extraction procedure (plasma volume); Column; elution process; mobile phase; flow rate; Analytical run time; Linear dynamic Ref.

No. internal standard; mean recovery (%) injection volume; maximum on-column loading (LLOQ) detection technique range (pg/ml) No.

1 LLE with EE, back extraction with HSA Zorbax Rx C18 (250 mm x 4.6 mm, 5 pm); Isocratic; 16 min 50-15000 pg/mL 11
(1.0mL plasma); BHT-920; (97.7%) KH,PO,+NaA+HSA+HA, pH 3.5-ACN (85:15, v/v);1.2 mL/min; 50 pL; 25 pg HPLC-EC

2 LLE with MTBE (1.0mL); Zorbax SB-CN (150 mm x 4.6 mm, 5 pm); Isocratic; 5.0 min 50-5000 pg/mL 13
BHT-920; (81.6%) H,O0-0.1M AA-MeOH (15:5:80, vA/v); 1.2 mUmin; 70 pL; 35 pg LC-APCI-MS-MS

3 LLE with MTBE-DCM (0.5mL); LiChrospher RP-select B (100 mm x 4 mm, 5 pm); Isocratic; 3.5 min 200-8000 pg/mL 14
tamsulosin hydrochloride; (96.1%) 10mM AA-MeOH (30:70, v/v); 1.2 mU/min;15 pL; 10 pg LC-MS-MS

4 SPE on Waters Oasis HLB Cartridge (0.5mL); ~ Discovery CN (50mm x 4.6mm, 5pm); Isocratic; 3.0 min 20-3540 pg/mL 15
memantine hydrochloride; (59.2%) 0.01TM AA, pH 4.4-ACN (30:70, vAv); 0.5 mL/min; 20 pL; 0.4 pg LC-ESI-MS-MS

5 LLE with EA (0.TmL); Waters Acquity UPLC BEH C18 (100mm x 2.Tmm, 1.7 pm); Isocratic; 1.5min 20-4020 pg/mL  Present
ranitidine hydrochloride; (98.2%) 10mM AF, pH 7.5-ACN (10:90, v/v); 0.3 mL/min; 2 pL; 0.04 pg UHPLC-ESI-MS-MS Method

* Abbreviations are as follows: LLE = liquid-liquid extraction; EE = ethyl ether; HSA = heptanesulphonic acid; NaA = sodium acetate; HA= acetic acid;
ACN = acetonitrile; MTBE = methyl tert-butyl ether; AA = ammonium acetate; meOH = methanol; DCM = dichloromethane; SPE = solid phase extraction;

EA = ethyl acetate; AF = ammonium formate.
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