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Abstract

A simple, sensitive and selective HPLC method with UV detection (315 nm) was developed and validated for quantitation of entacapone
in human plasma, the newest addition to the group of antiparkinsonian agents. Following a single-step liquid—liquid extraction (LLE) with
ethyl acetater-hexane (30/70, v/v), the analyte and internal standard (rofecoxib) were separated using an isocratic mobile phase of 30 mM
phosphate buffer (pH 2.75)/acetonitrile (62/38, v/v) on a reverse phaseoimn. The lower limit of quantitation was 25 ng/mL, with a
relative standard deviation of less than 8%. A linear range of 25-2500 ng/mL was established. This HPLC method was validated with between-
batch and within-batch precision of 2.2—4.2% and 1.7-7.8%, respectively. The between-batch and within-batch accuracy was 98.7-107.5%
and 97.5-106.0%, respectively. Frequently coadministered drugs did not interfere with the described methodology. Stability of entacapone in
plasma was excellent, with no evidence of degradation during sample processing (autosampler) and 30 days storage in a freezer. This validatec
method is sensitive, simple and repeatable enough to be used in pharmacokinetic studies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction an increased area under the concentration curve (AUC) for
plasma levodopR] and therefore improve the bioavailability
EntacaponeKig. 1) is a new adjunct to levodopa ther- of levodopa in the brain.
apy in the treatment of Parkinson's disease. The drug is Entacapone is rapidly absorbed after oral administration
a potent, specific and orally acting peripheral cateéhol- of a single dose and mean maximum plasma concentrations
methyltransferace (COMT) inhibitdf]. of 1160-1500 ng/mL are generally reached 0.7-1.3 h after
In current clinical practice, levodopa is almost always administration of 200 mg dose in patients with Parkinson’s
given with a peripheral inhibitor of aromatic amino acid disease. The elimination of entacapone is mainly described
decarboxylase (AADC) — benserazide or carbidopa — to pre- by two phases: thg-phase represents approximately 90% of
vent peripheral formation of dopamine and to increase lev- elimination and thg-phase about 1094,3-5]. The elimina-
odopa bioavailability2]. However, in the presence of AADC  tion half-life of oral entacapone 200 mg is 1-@Bh, which is
inhibition, the 30O-methylation of levodopa via COMT  similar to the elimination half-life of levodopa{l.7 h)[7].
becomes a more important metabolic pathway, leading to A few methods have been reported for the quantification
fast elimination of levodopa and accumulation of its metabo- of entacapone and its metabolites in biological fly&isl1].
lite 3-O-methyldopa. COMT inhibitor entacapone reduces Karlssonand Wikber{g] reported a HPLC method with elec-
the conversion of levodopa to@-methyldopa, resulting in  trochemical detection for the assay of entacapone in human
plasma and urine. Although selective and highly sensitive,
mpondmg author. Tel.: +91 40 23556038/23541142: assay procedgres making_ use of el_ectrochemical detection
fax: +91 40 23541152. is often very time consuming, both in the sample prepara-
E-mail addressnvsrk@suven.com (N.V.S. Ramakrishna). tion steps and the chromatography. To date, no simple HPLC
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0 (Ahmedabad, India). Chemical structures are presented in
Fig. 1L HPLC-grade LiChrosolv acetonitrile was from Merck
(Darmstadt, Germany). Potassium dihydrogen phosphate, di-
N CHs potassium hydrogen phosphate, ethyl acetateexane and
ortho-phosphoric acid were purchased from Merck (Worli,

= Mumbai, India). HPLC Type | water from Milli-Q system
HO' N 3 CHs (Millipore, Bedford, MA, USA) was used. All other chemi-
cals were of analytical grade.

HO

")

N02
2.2. Chromatography
Entacapone
The integrated high performance liquid chromatogra-
phy system (LC 2010C, Shimadzu Corporation, Kyoto,
Japan) was equipped with a quaternary pump, a degasser,
an autosampler, an injector with a 100-loop, a column
oven, a UV detector and a data system (Class VP ver-
sion 6.12). The separation of compounds was made on a
symmetn? (Waters corporation, Milford, USA) G col-
umn (5pm, 250 mmx 4.6 mm, i.d.) at 25C temperature.
The mobile phase was a mixture of 30 mM phosphate buffer
O (20 mM potassium dihydrogen phosphate buffer and 10 mM
\\ di-potassium hydrogen phosphate buffer; pH adjusted to 2.75
/s\ with ortho-phosphoric acid)/acetonitrile (62/38, v/v) pumped
HaC \O at a flow-rate of 1.0 mL/min. Detection was set at a wave-
length of 315 nm.
Rofecoxib (I.S.)
2.3. Sample processing
Fig. 1. Chemical structures of entacapone and rofecoxib (I.S.).
A 1-mL volume of plasma was transferred to a 15-mL
glass test tube, and then 2B of I.S. working solution
method with commonly used ultraviolet absorbance detection (100uw.g/mL) was spiked. Hundred microliters of 108ttho-
has been reported for entacapone quantification at therapeutiphosphoric acid was added to the mixture and vortex mixed
concentrations in human plasma. for 10s. Next a 4-mL aliquot of extraction solvent, ethyl
The objective of the present investigation is to establish acetatat-hexane (3/7), was added using Dispensette Organic
a fully validated HPLC method with a quantification limit  (Brand GmbH, Postfach, Germany). The sample was vortex-
sufficiently low to support pharmacokinetic and bioequiv- mixed for 4 min using vortexer. The sample was then cen-
alence studies of entacapone. The method reported in thistrifuged using centrifuge for 3 min at 860g. The organic
paper is a simple, accurate HPLC method to quantify the layer (3-mL) was quantitatively transferred to a 6-mL glass
plasma concentration of entacapone with ultraviolet detection tube and evaporated to dryness using evaporator a€40
using liquid-liquid extraction (LLE). This method is fully  under a stream of nitrogen. Then, the dried extract was recon-
validated as per FDA guideling$2] and the lower limit of stituted in 25QuL of water/acetonitrile (50/50, v/v; diluent)
quantification (LLOQ) is 25 ng/mL. Additionally, it provides and a 100uL aliquot was injected into chromatographic
information about the stability of entacapone both in plasma system.
and during sample processing (autosampler), which is a clear
advantage for determining a large number of plasma samples2.4. Bioanalytical method validation
for pharmacokinetic and bioequivalence studies in patients
and healthy subjects. 2.4.1. Calibration and control samples
Standard stock solutions of entacapone (1 mg/mL) and
I.S. (1 mg/mL) were prepared in acetonitrile. The I.S. work-

2. Experimental ing solution (10Qug/mL) was prepared by diluting stock
solution with water/acetonitrile (50/50, v/v; diluent). Fifty
2.1. Chemicals microliters of working solutions were added to 9o of

drug-free plasma to obtain entacapone concentrations of 25,
Entacapone drug substance was obtained from Wockhardt0, 100, 200, 500, 1000 and 2500 ng/mL. The quality con-
Research Centre (Aurangabad, India). Rofecoxib (internal trol samples were prepared in pool, at concentrations of 25
standard, 1.S.) was obtained from Cadila Healthcare Ltd. (LLOQ), 75 (low), 1000 (medium) and 2000 ng/mL (high),
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as a single batch at each concentration, and then divided insolutions was also tested at room temperature for 2, 20 h and

aliquots that were stored in the freezer at bele®0°C until upon refrigeration (4C) for 14 days. For each concentration

analysis. and each storage condition, five replicates were analyzed in
A calibration curve was constructed from a blank sam- one analytical batch. The concentration of entacapone after

ple (a plasma sample processed without an |.S.), a zeroeach storage period was related to the initial concentration

sample (a plasma processed with 1.S.) and seven non-zeras determined for the samples that were freshly prepared and

samples covering the total range (25—-2500 ng/mL), including processed immediately.

LLOQ. The calibration curves were generated on five con-

secutive days. Linearity was assessed by a weighted)(1/

least squares regression analysis. The calibration curve had. Results and discussion

to have a correlation coefficient?) of 0.99 or better. The

acceptance criterion for each back-calculated standard con-3.1. Separation

centration was 15% deviation from the nominal value except

LLOQ, which was set at 20%. At least 67% of non-zero stan-  The chromatographic conditions, especially the compo-

dards should meet the above criteria, including acceptablesition of mobile phase and its pH, were optimized through

LLOQ and upper limit of quantitation. several trials to achieve good resolution and symmetric peak
shapes of analytes as well as short run time. It was found that
2.4.2. Selectivity a mixture of 30 mM phosphate buffer (pH adjusted to 2.75

Randomly selected five blank human plasma samples,with ortho-phosphoric acid)/acetonitrile (62/38, v/v) could
which were carried through the extraction procedure and achieve our purpose.
chromatographed to determine the extent to which endoge- Fig. 2 shows the representative chromatograms of
nous plasma components may contribute to interference withblank plasma, plasma samples spiked with entacapone at
the analyte or the internal standard. The results were com-1000ng/ml and at LLOQ (25ng/ml), and plasma sample

pared with LLOQ (25 ng/mL). obtained from a healthy subject after 0.75 h following an oral
200 mg dose of entacapone. The analytes were well separated
2.4.3. Recovery from co-extracted material under the described chromato-

Recovery of entacapone was evaluated by comparing thegraphic conditions at retention times of 8.3 and 10.7 min,
mean peak areas of five extracted low, medium and high qual-respectively. The peaks shape were satisfactory and com-
ity control samples to mean peak areas of five neat referencepletely resolved one from another at therapeutic concentra-
solutions (unprocessed). Recovery of rofecoxib (I.S.) was tions of entacapone. No interference with constituents from
evaluated by comparing the mean peak areas of five extractedhe plasma matrix was observed.
quality control samples to mean peak areas of five neat ref-
erence solutions (unprocessed) of the same concentration. 3.2. Linearity and sensitivity of the assay

2.4.4. Accuracy and precision The peak area ratio of entacapone to I.S. in human
Within-batch accuracy and precision evaluations were per- plasma was linear with respect to the analyte concentration
formed by repeated analysis of entacapone in human plasmaover the range 25-2500 ng/mL. The calibration model was
The run consisted of a calibration curve plus five repli- selected based on the analysis of the data by linear regres-
cates of each LLOQ, low, medium and high quality con- sion with/without intercepts and weighting factorsx(1l/x?
trol samples. Between-batch accuracy and precision wereand 14/x). The residuals improved by weightedxdyleast-
assessed by analysis of samples consisting of a calibratiorsquares linear regression. The best fit for the calibration
curve and five replicates of LLOQ, low, medium and high curve could be achieved with the linear equatjiocnmx+c
quality control samples for entacapone on three separatewith a 14? weighing factor. The mean linear regression

occasions. equation of calibration curve for the analyte wes1268.2
(£47.1x+ 3.3 *2.3), wherey was the peak area ratio of the
2.4.5. Stability analyte to the I.S. andwas the concentration of the analyte.

The short-term stability was examined by keeping repli- The correlation coefficient) for entacapone was above 0.99
cates of the low and high plasma quality control samples over the concentration range used. These calibration curves
at room temperature for 24 h. Freeze-thaw stability of the were suitable for generation of acceptable data for the concen-
samples was obtained over three freeze-thaw cycles, by thaw4rations of the analyte in the samples during between-batch
ing at room temperature for 2-3 h, refrozen for 12-24 h. and within-batch validationstable J).

Autosampler stability of entacapone was tested by analy- LLOQ was established as 25 ng/mL. The mean response
sis of processed and reconstituted low and high plasma QCfor the analyte peak at the assay sensitivity limit (25 ng/mL)
samples, which are stored in the autosampler tray for 30 h.was~6.2-fold greater than the mean response for the peak
Stability of entacapone in human plasma was tested after stor-in five blank human plasma samples at the retention time of
age at below-50°C for 30 days. The stability of standard the analyte.
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Fig. 2. Chromatograms of (A) blank human plasma; (B) spiked human plasma sample at LLOQ (25 ng/mL); (C) human plasma sample spiked with 1000 ng/mL
of entacapone and I.S.; (D) plasma sample from a healthy subject following a 200 mg oral dose of entacapone, the plasma concentration was determined to
1190 ng/mL for entacapone; approximate retention times: entacapone =8.3 min; 1.S.=10.7 min.

3.3. Extraction mixtures in different combinations and ratios were evalu-
ated. Finally, a mixture of ethyl acetate amtiexane (30/70,
Liquid—liquid extraction was used for the sample prepa- v/v) was found to be optimal, which can produce a clean
ration in this investigation. LLE can be helpful in pro- chromatogram for a blank plasma sample and yield the high-
ducing a spectroscopically clean sample and avoiding theest recovery for the analyte from the plasma. The extraction
introduction of non-volatile materials onto the column. recovery of entacapone atlow, medium and high quality con-
Six organic solventsp-hexane, ethyl acetate, diethyl ether, trol sampleswas 604 1.5%, 59.8+2.2% and 61.2 2.4%,
dichloromethane, chlorofornt;butylmethylether and their  respectively. It indicates that extraction recovery of enta-

Table 1
Accuracy and precision of the HPLC method for determining entacapone concentrations in plasma samples
Concentration Within-batch precisionr(=5) Between-batch precision € 3)
added (ng/mL) - . : .
Concentration found Precision (%) Accuracy (%) Concentration found Precision (%) Accuracy (%)
(meant S.D.; ng/mL) (meant S.D.; ng/mL)
25 25.1+ 2.0 7.8 106 264+ 1.1 4.2 1056
75 73.1+£ 5.1 6.9 975 740+ 1.7 2.3 987
1000 1041.8+ 68.5 6.6 104 1063.9+ 23.3 22 1064

2000 2120.8+ 37.0 1.7 1060 2149.6+ 71.6 3.3 10
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Table 2

Stability of entacapone in human plasma

Sample concentration (ng/mL) € 5) Concentration found (ng/mL) Precision (%) Accuracy (%)
Short-term stability for 24 h in plasma

75 767 10 1023
2000 21377 21 1068
Three freeze and thaw cycles

75 789 104 1052
2000 20940 15 1047
Autosampler stability for 24 h (after extracting and reconstitution)

75 759 142 1012
2000 21217 17 1061
30 days stability at <50°C

75 731 8.2 97.4
2000 1912 23 957

capone is independent of concentration. The recovery of —~ 1500 1

internal standard, rofecoxib was 69.6% at the concentration
used in the assay (1Q@/mL).

1000 -
3.4. Selectivity

There were no interfering peaks present in five different
randomly selected samples of drug free human plasma used
for analysis at the retention times of either analyte or inter-
nal standard. There was no interference of entacapone and™

500 1

lasma concentration (ng/mL)

rofecoxib analysis by other potentially co-administered drugs 0 2 4 ;
suchas OTC drugs, NSAIDs, benserazide, carbidopa and lev- Time (hr)
odopa.

Fig. 3. Mean concentration versus time profiles over 8 h of entacapone in
human plasma from six subjects each receiving a single dose of 200 mg

3.5. Precision and accuracy of the assay entacapone

The results shown iable lindicate that the assay method
is reproducible for replicate analysis of entacapone in human3.7. Application to clinical study
plasma within the same day and also the method is repro-
ducible on different days. The present HPLC method was employed to determine
The accuracy values for between- and within-batch studiesthe pharmacokinetic parameters of entacapone in subjects
at the LLOQ and at low, medium and high concentrations of plasma samples of clinical studies. After a single oral dose

entacapone in plasma were within acceptable limits J) of 200 mg entacapone to 18 healthy subjects, concentration

(Table ). versus time profiles were constructed for up to &hy. 3
shows mean concentration—time profiles of entacapone in six

3.6. Stability subjects each receiving a 200 mg oral dose of entacapone

under fasting conditions.

The stock solutions were stable for at least 6 months when
stored at 4C. The stability experiments were aimed at test-
ing all possible conditions that the samples might experience4. Conclusions
after collecting and prior the analysis. These were performed
as described in Sectiah4.5 All stability results are sum- The HPLC/UV method is described employing liquid—
marized inTable 2 Three freeze-thaw cycles and 24 h room liquid extraction for sample preparation and convenient for
temperature storage for low and high quality controls sam- the quantification of entacapone in human plasma samples
ples indicated that entacapone was stable in human plasmand fully validated as per FDA guideling$2]. The vali-
under these conditions. QC samples were stable for at leastation data demonstrates good precision and accuracy. The
30 days if stored frozen at approximatehb0°C. Testing validated method allows quantification of entacapone in the
of autosampler stability of quality control sampldslle 9 25-2500 ng/mL range. Because of the straightforward sam-
indicated that entacapone is stable when kept in the autosample preparation procedure, a sample throughput of 60 per 10 h
pler for up to 24 h. is routinely achieved. In conclusion, this paper describes a
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