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ABSTRACT: A selective, rapid and simple liquid chromatography–tandem mass spectrometry (LC-MS/MS) method is described
for assay of donepezil in human plasma using escitalopram as an internal standard. Chromatographic separation was achieved
on a Betabasic-C8, 5 mm, 100  4.6 mm column using methanol:water:formic acid (90:9.97:0.03, v/v/v) as mobile phase. Detec-
tion of donepezil and internal standard was achieved by ESI MS/MS in positive ion mode using 380.20/91.10 and 325.13/
262.00 transitions, respectively. The linearity over the concentration range of 0.15–50 ng/mL for donepezil was obtained
and the lower limit of quantification was 0.15 ng/mL. For each level of quality control samples, inter-day and intra-day preci-
sions (RSD) were £8.92 and 10.35% and accuracy (%RE) were £7.33% and 9.33%, respectively. The recovery was more than
88.50% for both donepezil and internal standard by solid-phase extraction, eliminating evaporation and reconstitution
steps. Copyright © 2008 John Wiley & Sons, Ltd.

Keywords: human plasma; donepezil; multiple reaction monitoring; LC-MS/MS

Introduction

Donepezil hydrochloride, (±)-2-[(1-benzylpiperidin-4-yl) methyl]-5,
6-dimethoxyindan-1-one monohydrochloride, is a reversible
cholinesterase inhibitor that exhibits high specificity for cen-
trally active cholinesterase (Rho and Lipson, 1997; Rogers et al.,
1998; Yamanishi, 1990). Cholinergic deficit is one of the major
pathological features of Alzheimer’s disease. This deficit has
been associated with the loss of cognition and memory, the pri-
mary symptoms of this disorder (Bartus et al., 1982). Donepezil
hydrochloride (also known as E2020 or Aricept) is an acetylcho-
linesterase inhibitor, and is currently used for the symptomatic
treatment of Alzheimer’s disease in many countries.

Quantification of drug candidates in biological fluids is playing
an increasingly important role in drug discovery and develop-
ment. The exploration of new methodologies and their optimum
extraction and detection combination to perform bio-analysis
accurately and rapidly will help to speed up the drug develop-
ment process. The conventional methods of extraction of drugs
from biological matrices involve liquid–liquid extraction or solid-
phase extraction (SPE) procedures involving the drying of the
final extract. Such extraction procedures, especially with con-
centration and reconstitution steps, become rate-limiting even
with an LC-MS/MS detection (a high throughput) when large
numbers of clinical samples are to be analyzed in a short period
of time.

For the determination of donepezil in human plasma, number
of methods based on high-performance liquid chromatography
(HPLC) (Yasui-Furukori et al., 2002; Mihara et al., 1993; Mahasen

et al., 2006; Lee et al., 1992; Matsui et al., 1999a; Haginaka and
Scyama, 1992; Nakashima et al., 2006) and liquid chromatography–
mass spectrometry (Matsui et al., 1995, 1999b, 2006; Lu Y et al.,
2004; Hao et al., 2003; Apostolou et al., 2007) have been described
in recent years. The majority of these methods are based on liquid–
liquid extraction (LLE) using isopropyl alcohol:hexane (3:97, v/v).
The methods based on HPLC are either labor-intensive or time-
consuming (≥5 min run time), resulting in low sample through-
put. Moreover the HPLC methods are not sensitive (≥1.0 ng/mL)
compared with the present LC-MS/MS method. Out of all the above,
only two liquid chromatography–mass spectrometry methods are
comparable with the present work in terms of lower limit of quan-
tification, plasma processing volume, sample processing steps
involved (drying, derivatization, reconstitution), analytical run time
and high throughput. The modern drug development process
requires a simple, efficient and rugged extraction procedure,
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with small analytical run time and high sensitivity. The sensitive
method reported (Apostolou et al., 2007) utilizes LC-MS/MS with
a run time of 2 min and LLE by hexane. This method was used
robotic liquid handling workstations employed for all liquid
transfer and solution preparation steps. This is expensive equip-
ment involving many stringent method development protocols.
A liquid chromatography electrospray ionization mass spec-
trometer (LC-ESI-MS) was used in the selected ion monitoring
(SIM) mode (Hao et al., 2003) for bioequivalence of donepezil by
LLE. This method has time-consuming evaporation to dryness
and then reconstitution steps. Another sensitive method
reported (Xie et al., 2006) utilizes LC-MS/MS with a run time
of 2.8 min and LLE by ethyl acetate. Even though evaporation
to dryness and then reconstitution steps are included in this
method, extraction recovery was reported to be a maximum of
66.9 ± 7.4%, which is low compared with the present method. In
this method the injection volume was 10 μL from 200 μL recon-
stituted solvent, while in the present method it was 20 μL form
800 μL SRE elution. It indicates that on-column load is halved in
the present method. In the reported method (Xie et al., 2006),
per day sample analyzed is low (ca 150 samples) compared with
the present method (ca 300 samples). Moreover, the present
method reported elongated bench-top and long-term stability
data. The present method used LC-MS/MS with multiple reaction
mode (MRM), which is more specific compared with MS with
selected ion monitoring (SIM) mode. The capability of a single
analytical method that encompasses all the above merits and
can monitor the total absorption, distribution and elimination
pharmacokinetic profile of the preclinical and clinical pharmaco-
kinetic studies is of prime concern. The present work aims at
achieving all of the above advantages using optimized solid-
phase extraction and liquid chromatography tandem mass spec-
trometry (LC-MS/MS) detection with a 1.8 min run time.

The objective of this study is to develop and validate a high-
throughput LC-MS/MS method for reliable routine measurement
of donepezil in human plasma in support of clinical investiga-
tions. LC-MS/MS being the dominant tools for bio-analysis because
of its speed and selectivity, we have developed and validated
the sample extraction procedure using SPE followed by LC-MS/
MS detection in MRM mode. This procedure includes a wash
(to remove the plasma matrix) and elution step, with no sample
concentration and reconstitution. In this method, the plasma
volume used for processing is only 0.5 mL, while the volume of
elute is 0.8 mL. Therefore donepezil and the minimum residual
matrix (after washing) in the final elute solution are actually diluted
and only 20 μL is subjected to LC-MS/MS analysis. This short SPE
procedure with no drying and reconstitution step increases the
sensitivity, selectivity and throughput for the determination of
donepezil in human plasma. This validated method was further
evaluated in the pharmacokinetic study of donepezil in 14 healthy
human volunteers for single oral dose of a 10 mg immediate
release formulation.

Experimental

Chemicals

Donepezil hydrochloride (99.76% pure) and the internal standard
escitalopram oxalate (98.44% pure) were obtained from Hetero
Drugs, Bangalore, India and Torrent Pharmaceuticals Limited,
Gujarat, India, respectively. The chemical structures of these com-
pounds are shown in Fig. 1. Ortho-phosphoric acid and formic

acid, Suprapur® grade, were from Merck (Darmstadt, Germany),
methanol was of gradient grade (Rankem, New Delhi, India) and
water of Milli Q grade (Millipore, Massachusetts, USA). The SPE
cartridge, HLB 1 cm3 (30 mg) was from Waters (Massachusetts,
USA). Human plasma was obtained from the Green Cross Labo-
ratory (Ahmedabad, Gujarat, India).

Instruments

The HPLC was a Shimadzu (Kyoto, Japan). The analytical column
was a betabasic-C8, 5 μm, 100 × 4.6 mm, obtained from Thermo-
electron Corporation (Waltham, MA, USA). The MS/MS detector
was a Finnigan TSQ quantum discovery, operating in the ESI,
positive polarity mode (Thermo-Electron, San Jose, CA, USA) and
the data system was Xcalibur® version 1.3 and LCquan® version
2.5, also from Thermo Electron (San Jose, CA, USA).

Donepezil Standard and Quality Control Solutions

Stock solutions of donepezil (1.0 mg/mL) and escitalopram oxalate
(1.0 mg/mL) were prepared in methanol, while other stock solu-
tions of donepezil (5.0 μg/mL) and escitalopram oxalate (8.0μg/mL
and 80 ng/mL) were prepared in methanol–water (50:50, v/v).
Aliquots of 5.0 μg/mL and 1000 ng/mL were used to spike blank
human plasma in order to obtain calibration standards of 0.15,
0.3, 2.0, 5.0, 10.0, 20.0, 30.0, 40.0 and 50.0 ng/mL. Three levels of
quality control (QC) fixed at 0.45 (low QC or LQC), 15.0 (medium
QC or MQC) and 35.0 ng/mL (high QC or HQC) were prepared
using the same blank plasma.

Sample Preparation by SPE Method

After thawing, 500 μL of plasma containing drug were vortexed
with 25 μL of working IS in 1.7 mL microtubes. A 500 μL aliquot of
1% ortho-phosphoric acid was added and vortexed to mix. The
plasma mixture was loaded onto previously conditioned (with
1 mL of methanol and then with 2 mL of water) HLB cartridges
(30 mg, 1 cm3). The cartridges were washed with 2 mL of water
and then 1 mL 5% methanol prepared in water, then a vacuum
was applied to remove the aqueous part and eluted with 0.8 mL
of methanol. The recovered solution was loaded into vials.

Figure 1. Chemical structure of (a) donepezil hydrochloride and (b)
escitalopram oxalate.
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LC-MS/MS Conditions

The analytical column, betabasic-C8, 5 μL, 100 × 4.6 mm i.d., was
maintained at 45°C. The mobile phase consisted of a mixture
of methanol:water:formic acid (90:9.97:0.03, v/v/v) flowing at
0.8 mL/min with a split ratio of 7:3 (waste:source). The injection
volume was 20.0 μL and the run time 1.8 min. The sample tray
temperature was kept at 5°C. The needle was rinsed prior to and
after each injection with 0.5 mL of the water:methanol (50:50, v/v).

The selective reaction monitoring (SRM) conditions of each
analyte were optimized by infusing 50 ng/mL of analyte in mobile
phase. The detector settings of the TSQ quantum discovery
were: ESI with the stainless steel spray needle, positive polarity
ionization; spray voltage, 3500 V; capillary temperature, 350°C;
argon collision gas pressure, 1.5 m torr; collision energy, 47 V for
donepezil and 27 V for escitalopram; tube lens offset, 140 V for
donepezil and 96 V for escitalopram; unit resolution for Q1 and
Q3, 0.3 and 0.7 resolution (FWMH); and ions detected (m/z),
donepezil, precursor 380.20, product 91.10; escitalopram (IS)
precursor 325.13, product 262.00.

Bio-analytical Method Validation

Calibration curves. The analytical curves were constructed
using values ranging from 0.15 to 50 ng/mL of donepezil in human
plasma. Calibration curves were obtained by weighted linear
regression (weighting factor: 1/x) and the ratio of donepezil
peak area to escitalopram peak area was plotted vs the ratio of
donepezil concentration in ng/mL.

The deviation of standards for lower limit of quantitation
(LLOQ, 0.15 ng/mL) from nominal concentration should not be
more than ±20% and other than LLOQ ±15%. It was desirable
that a minimum of six non-zero standards, including the LLOQ,
should meet the above criteria.

Specificity. Ten different lots of blank human plasma (four dif-
ferent lots of buffered plasma, four different lots of heparinized
plasma, one lot of hemolyzed plasma and one lot of lipemic
plasma) were processed by the similar SPE extraction procedure
and chromatographed to determine the extent to which endog-
enous plasma components may contribute to the interference
at retention time of analyte and internal standard.

Sensitivity. The lowest standard on the calibration curve was
to be accepted (FDA, 2001) as the LLOQ if the analyte response
in the standard was five times more than the drug-free (blank)
extracted plasma. In addition, the analyte peak LLOQ sample
should be identifiable, discrete and reproducible with a preci-
sion of 20% and accuracy within 80–120%.

Recovery from human plasma. The extraction efficiency of
donepezil was evaluated by comparing the mean detector
response of five QC samples of LQC, MQC, HQC concentrations
to mean detector response of five standard solutions of equiva-
lent concentrations and also in external spiked in blank plasma
extracted solution (eluent). Similarly, the recovery of internal
standard was evaluated by comparing the mean detector
response of 15 plasma samples to the mean detector response
of standards solution of the internal standard (IS) at similar
concentration. As per the acceptance criteria (FDA, 2001), the
recovery of analyte need not be 100%, but the extent of recov-
ery of an analyte should be consistent, precise and reproducible.

Accuracy and precision. Intra-day accuracy and precision were
evaluated by replicate analysis of donepezil at different concen-
trations in human plasma. The run consisted of a calibration
curve plus five replicates each of LLOQ, LQC, MQC and HQC
samples for donepezil on three different occasions. The preci-
sion of the method was determined by calculating the %RSD
(relative standard deviation) for the concentrations obtained
for different determinations. For the evaluation of precision, the
deviation of each concentration level from the nominal concen-
tration was expected to be within ±15% except for the LLOQ, for
which it should not more than 20%. Similarly, the mean accuracy
should not deviate by ±15% of the nominal concentration except
for the LLOQ, where it should not deviate by more than ±20% of
the nominal concentration.

Matrix and Anticoagulant Effect

To ensure the effect of matrix throughout the application of the
method, blank human plasma obtained from six different lots
was spiked with donepezil at the LQC and HQC levels. Three QC
samples at each level along with the set of calibration standards
were analyzed and the percentage bias across the samples
analyzed was calculated for donepezil.

For anticoagulant effect the precision and accuracy experiment
was performed using the buffered (containing a mixture of citrate,
phosphate and dextrose, CPD) plasma for calibration standards
and heparinized plasma for five replicates of each of LLOQ, LQC,
MQC and HQC samples.

Dilution Integrity

The dilution integrity experiment was carried out with five repli-
cates of twice-diluted 100 ng/mL (½ dilution), four-times diluted
100 ng/mL (¼ dilution) samples, and concentrations were calcu-
lated against the freshly prepared calibration curve. 

Stability

Stock solution stability. For determining the stock solution
stability, 1 mg/mL of donepezil and escitalopram was kept at 2–
8°C for 8 h and 3, 6 and 10 days. Thereafter, the mean detector
response for donepezil and escitalopram from five replicate
chromatographic runs was compared with the mean detector
response of freshly prepared solutions of the same concentra-
tion. The samples passed the criterion of stability if the deviation
was within ±5.0%.

Bench-top stability (short-term stability). Five each of unex-
tracted LQC and HQC samples were kept at ambient tempera-
ture (25 ± 5°C) for 8 h in order to establish the bench-top
stability of donepezil in human plasma. Thereafter, the samples
were processed and analyzed. The concentrations thus obtained
were compared with the nominal values of QC samples and the
samples were considered stable if the deviation from the nomi-
nal concentration was within ±15%.

Process stability (autosampler or post-preparative stability).
The stability of five processed samples each of LQC and HQC
samples were kept in autosampler maintained at 5°C for about
24 and 45 hr. Thereafter, samples were analyzed and the concen-
trations thus obtained were compared with the nominal values.
A deviation of more than ±15% was undesirable.
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Freeze–thaw stability. The effect of three freeze–thaw cycles on
the stability of plasma samples containing donepezil was deter-
mined by subjecting five aliquots each of LQC and HQC plasma
quality control samples (previously frozen at −70 ± 5°C and
−20 ± 5°C) to three freeze–thaw cycles. After the completion of
the third cycle, the samples were analyzed and the experimental
concentrations were compared with the nominal values. The
samples passed the test if the deviation from nominal values
was within ±15%.

Long-term Stability

Five aliquots each of LQC and HQC samples were kept in the
deep freezer at −70 ± 5°C for 240 days. Thereafter, the samples
were processed and analyzed along with precision and accuracy
batches and the concentrations thus obtained were compared
with nominal values. All values within ±15% of the nominal con-
centration passed the test.

Results and Discussion

Method Development

Solid-phase extraction was used for the sample preparation. This
simple procedure produces a clean chromatogram for a blank
plasma sample and yielded satisfactory recoveries of the analytes
from plasma. Taking into account the pKa values of the analytes,
the medium pH should be 2 pH units lower than the pKa of
donepezil hydrochloride (pKa = 8.9; Moffat et al., 2004) and there-
fore the proper medium pH should be ≤6.9 for its ionic form. In
this work, 500 μL of 1% ortho-phosphoric acid was added in the
process of sample preparation to adjust the medium to less than
pH 6.9, thus the drug was ionized for extraction by SPE. Various
wash solvents (1%, 2%, 5%, 10%, 20% methanol and acetonitrile
in water) were tested to obtain clean chromatograms without
losing recovery. The final selected wash solvents were 2 mL
water and then 1 mL 5% methanol in water. Different elution
solvents with different amounts [0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL
of each of methanol, acetonitrile, methanol:acetonitrile (50:50,
v/v), methanol:water (90:10, v/v) and methanol:water:formic
acid (90:9.97:0.03, v/v/v)] were tested to obtain maximum

recovery and minimum or no interference of plasma with the
symmetrical peak shape of analyte and IS. The final selected
elution solvent was 0.8 mL methanol.

After taking various trials with different columns and several
different mobile phase compositions, the chromatography
was finalized on a betabasic-C8 column and the mobile phase
methanol:water:formic acid (90:9.97:0.03, v/v/v). Using formic
acid in the mobile phase increased the ionization of donepezil
and obtained a good response compared with acetic acid, ammo-
nium acetate and ammonium formate buffer. As we eliminated
the reconstitution and evaporation steps in the extraction method,
selection of the column and mobile phase was important in
obtaining a symmetrical peak shape. The retention times were
1.16 min for donepezil and 1.15 min for escitalopram (IS). The
run time was 1.8 min.

A positive ESI source was used. MS parameters involving spray
voltage, capillary temperature and flow rate were tested to obtain
an optimum ionization yield of the analytes. The tube lens offset
and collision energy were tested to achieve maximum response
of the fragment ion peaks, 140 and 47 V respectively for donepezil
and 96 and 27 V, respectively, for escitalopram. The positive mode
precursor ion mass spectrum and product ion mass spectrum of
donepezil are shown in Fig. 2(a, b), respectively. The positive
mode precursor ion mass spectrum and product ion mass spec-
trum of the IS are shown in Fig. 3(a, b), respectively.

Bio-analytical Method Validation

Calibration curves. Calibration curves were found to be linear
over the range 0.15–50 ng/mL. The coefficient of correlation (r)
was found to be better than 0.9989 for all the six calibration
curves analyzed. Table 1 exhibits the back-calculated calibration
curve results with r values.

Specificity. No significant interfering peaks were observed at
the retention times of either analyte or internal standard in 10
different lots of drug-free human plasma samples used for
analysis. Representative chromatograms of extracted blank
plasma, drug-free plasma fortified with IS, blank plasma fortified
with donepezil (LLOQ) and IS and subject sample are shown in
Fig. 4(a–d).

Table 1. Mean inter-day back-calculated standard and standard curve results

Mean inter-day back-calculated standard results Standard curve results

Standard concentration (ng/mL) Slope Intercept r

0.150 0.300 2.000 5.000 10.000 20.000 30.000 40.000 50.000

Run ID
I 0.142 0.315 1.961 4.913 10.139 21.048 30.031 39.054 49.848 0.32164 −0.00020 0.9997
II 0.155 0.315 1.939 4.896 9.544 20.155 29.368 41.228 49.850 0.33178 0.00081 0.9997
III 0.147 0.336 1.875 4.760 10.296 19.905 28.190 41.477 50.464 0.34439 −0.00167 0.9993
IV 0.154 0.333 1.841 4.866 9.450 20.631 28.903 41.758 49.516 0.32825 −0.00294 0.9993
V 0.163 0.289 1.874 4.881 10.654 19.906 28.834 39.442 51.408 0.31915 0.00321 0.9995
VI 0.167 0.303 1.978 4.742 9.804 18.095 29.679 42.163 50.518 0.32825 −0.00328 0.9989

Mean 0.155 0.315 1.911 4.843 9.981 19.956 29.167 40.854 50.268
SD 0.010 0.018 0.056 0.073 0.465 1.015 0.661 1.288 0.749
RSD (%) 6.15 5.65 2.91 1.51 4.66 5.09 2.27 3.15 1.49
RE (%) 3.33 5.00 −4.45 −3.14 −0.19 −0.22 −2.77 2.13 0.53
n 6 6 6 6 6 6 6 6 6
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Sensitivity. The LLOQ was 0.15 ng/mL for donepezil. The %RSD
of donepezil at LLOQ was found to be 9.43 and the %RE 8.66.

Recovery from human plasma. The recovery (extraction effi-
ciency) of donepezil from human plasma was found to be between
88.97 and 99.97% with RSD 8.50%. The recovery of internal
standard was 98.75% with RSD 7.23%. No significant difference
was found for sample prepared in aqueous and in externally
spiked blank plasma extracted solution.

Accuracy and precision. The inter-day accuracy (%RE) of the
method was between –4.65 and 7.33% with a precision of 3.54–
8.92% (Table 2). The intra-day accuracy (%RE) was between –5.34
and 9.33% with a %RSD of 2.21–10.35%. The data indicates that the
method possessed adequate repeatability and reproducibility.

Matrix and Anticoagulant Effect

The matrix effect was assessed by post-column analyte infusion
method. Post-column, donepezil aqueous plain stock of LQC con-

centration was continuously introduced to the source using a ‘T’
union. This was done with the purpose of raising the background
level of donepezil ions along with the mobile phase from the
column. A suppression of donepezil ion would result in a nega-
tive peak and enhancement of donepezil ion would give rise to
a positive peak at the retention time of the eluting plasma matrix
from the column in the dead volume. Further, blank plasma SPE
eluate was injected through the autosampler to assess the effect
of the eluting matrix and its retention time. It was observed that
blank matrix was eluted at the retention time of donepezil,
resulting in a slight rise of the baseline (amounting to 2–4%).
This prompted us to conclude that the matrix is actually enhanc-
ing the signal of donepezil rather than suppressing it.

No significant matrix effect was observed in six different lots
of drug-free human plasma samples used for LQC and HQC level
of donepezil.

The anticoagulant effect %RSD was between 2.79 and 7.41%
with %RE –2.67–7.53% (Table 3). The data indicates that CPD
plasma and heparinized plasma were acceptable and analyzed
by this method.

Figure 2. Full-scan positive ion (a) precursor ion spectra and (b) product ion spectra of donepezil.
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Dilution Integrity

Twice diluted (100 ng/mL) and four-times diluted samples
(100 ng/mL) were observed to have a %RSD of 2.99 and 4.18%,
respectively. Thus, this method is applicable for dilution with
human plasma.

Stability

Stock solution stability. Stock solutions of donepezil and esci-
talopram oxalate were found to be stable for 10 days at 2–8°C

Bench-top stability (short-term stability). Donepezil was found
to be stable for 8 h in human plasma at ambient temperature
(25 ± 5°C). The %RSD was 3.65 and 2.74% at the two concentra-
tions studies (Table 4).

Process stability (autosampler or post preparative stability).
When the autosampler temperature was maintained at 5°C, the
plasma samples of donepezil were stable for 45 h with accuracy
percentages (%RE) of –11.77 and 5.70% at the two concentra-
tion levels studies (Table 4).

Figure 3. Full-scan positive ion (a) precursor ion spectra and (b) product ion spectra of escitalopram.
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Figure 4. MRM ion chromatogram resulting from the analysis of (a) blank (drug- and internal standard-free) human plasma for donepezil and IS. (b)
0.15 ng/mL (LLLOQ) of donepezil spiked with IS and (c) blank (drug-free spiked with IS) human plasma for donepezil and IS. (d) The analysis of a sub-
ject’s plasma samples after the administration of a single oral dose of 10 mg of donepezil in fasted conditions. The sample concentration was deter-
mined to be 17.392 ng/mL.
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Freeze–thaw stability. Three freeze–thaw cycles had no effect
on the stability of the frozen plasma (−70 and −20°C) samples
of donepezil, which is apparent from the precisions (RSD) and
accuracy (RE) data depicted in Table 4.

Long-term stability. Donepezil was stable at −70± 5 and −20± 2°C
for 240 days in human plasma. The accuracy (RE) and precisions
(RSD) data are summarized in Table 4.

Application of the Method in Human Subjects

The validated LC-MS/MS method was successfully applied in the
pharmacokinetic studies of donepezil immediate release tablets
under fasting conditions in healthy male volunteers 36 ± 7 years
in age and 62 ± 6 kg in weight. The design of the study com-
prised a randomized, open label, single-dose, two-treatment,
two-period, two-sequence crossover bioequivalence study of

Table 2. Inter- and Intra-day accuracy and precision of donepezil in plasma

LLOQ 
(0.15 ng/mL)

LQC 
(0.45 ng/mL)

MQC 
(15.0 ng/mL)

HQC 
(35.0 ng/mL)

Inter-day accuracy and precision
Mean 0.161 0.435 14.302 34.711
SD 0.014 0.033 0.507 1.348
RSD (%) 8.92 7.62 3.54 3.88
RE (%) 7.33 −3.33 −4.65 −0.83
n 15 15 15 15

Intra-day accuracy and precision
Mean 0.164 0.449 14.199 35.102
SD 0.015 0.047 0.415 0.774
RSD (%) 9.43 10.35 2.93 2.21
RE (%) 9.33 −0.22 −5.34 0.29
n 5 5 5 5

Figure 4. (Continued).

Table 3. Anticoagulant effect of donepezil in plasma (n = 5)

LLOQ 
(0.15 ng/mL)

LQC 
(0.45 ng/mL)

MQC 
(15.0 ng/mL)

HQC 
(35.0 ng/mL)

Anticoagulant effect
Mean 0.146 0.466 16.129 36.998
SD 0.007 0.035 0.583 1.031
RSD (%) 4.98 7.41 3.61 2.79
RE (%) −2.67 3.56 7.53 5.71
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donepezil 10 mg immediate release formulation in 14 healthy
male volunteers under fasting conditions. Each volunteer was
judged to be in good health through his medical history, physi-
cal examination and routine laboratory tests. Written informed
consent was obtained from each volunteer after detailed verbal
and written information on the objective and the possible risks
of the study. Volunteers were excluded if they had a history of
smoking or drinking or if they were taking prescription medica-
tions within 14 days prior to the start of the study. The study was
conducted strictly in accordance with guidelines laid down by
International Conference on Harmonization and USFDA (FDA,
2000). The single oral dose of a tablet to the volunteers was
given with 200 mL of water. Blood samples were collected in
tubes previously treated with heparin at 0.0 h before dosing and
at 1.0, 2.0, 2.5, 2.75, 3.0, 3.25, 3.5, 3.75, 4.0, 4.25, 4.5, 5.0, 6.0, 9.0,

12.0, 18.0, 24.0, 48.0, 72.0, 96.0, 120.0 and 144.0 h after oral
administration of the dose for test and reference formulation.
Plasma was separated by centrifugation and kept frozen at −70°C
until analysis. During the study, volunteers had a standard diet
while water intake was ad libitum. Smoking and consumption of
alcohol and beverages containing caffeine were not allowed during
the study. The samples were processed based on the proposed
extraction protocol for quantification of donepezil. Figure 5 shows
the plasma concentration–time profile of donepezil in human
subjects under fasting conditions. The method was sensitive
enough to monitor the donepezil plasma concentration up to
144 h. In all approximately 900 samples, including the calibra-
tion and QC samples with volunteer samples, were run and ana-
lyzed during a period of 3 days and the precision and accuracy
for calibration and QC samples were well within the acceptable

Table 4. Stability of the samples (n = 5)

Donepezil concentration (ng/mL)

0.45 ng/mL 
(LQC)

15.0 ng/mL 
(MQC)

35.0 ng/mL 
(HQC)

8 h Bench-top stability
Mean 0.455 NA 37.897
RSD (%) 3.65 NA 2.74
RE (%) 1.11 NA 8.28
Mean % change 5.47 NA 5.72

24 h Process stability
Mean 0.426 NA 34.442
RSD (%) 6.12 NA 3.72
RE (%) −5.33 NA −1.59
Mean % change −5.15 NA 2.44

45 h Process stability
Mean 0.397 NA 36.997
RSD (%) 2.95 NA 1.66
RE (%) −11.77 NA 5.70
Mean % change −7.93 NA −4.85

−70°C Freeze–thaw stability
Mean 0.462 NA 36.677
RSD (%) 6.80 NA 5.48
RE (%) 2.67 NA 4.79
Mean % change −8.73 NA −0.53

−20°C Freeze–thaw stability
Mean 0.476 NA 34.371
RSD (%) 8.47 NA 5.17
RE (%) 5.78 NA −1.80
Mean % change −5.97 NA −6.78

−70°C for 240 days
Mean 0.448 15.266 35.597
RSD (%) 5.86 7.41 3.89
RE (%) −0.44 1.77 1.71
Mean % change −1.73 2.48 0.85

−20°C for 240 days 
Mean 0.447 14.875 34.780
RSD (%) 8.00 5.08 4.46
RE (%) −0.67 −0.83 −0.63
Mean % change −0.72 2.13 0.82
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limits. The pharmacokinetic parameters, viz. maximum plasma
concentration, Cmax, area under the plasma concentration–time
curve from zero hour to the last measurable concentration, AUC0–t,
area under the plasma concentration–time curve from zero hour
to infinity, AUC0-inf, time point of plasma concentration maximum,
Tmax, elimination rate constant, Kel, and half-life of drug elimina-
tion during the terminal phase t1/2 were calculated for donepezil
in test and reference formulations. The mean pharmacokinetic
parameters obtained for the test and reference formulation are
presented in Table 5. These observations confirm the bioequiva-
lence of the test sample 10 mg immediate release tablet with
the reference product in terms of rate and extent of absorption.

Conclusion
The bioanalytical assay methodology described in this manuscript
was selective, sensitive, rapid, accurate and precise. The method
employed liquid chromatography tandem mass spectrometry
(LC-MS/MS). The method involved a simple and rapid sample
preparation by solid-phase extraction followed by isocratic chro-
matographic separation. In addition to the time saving due to

elimination of the manual evaporation and reconstitution steps,
thus facilitating higher throughput, the advantage of this novel
approach including avoiding loss of compound during evapora-
tion and reconstitution due to instability, evaporation or adsorp-
tion. The LC-MS/MS method was capable of estimating 0.15 ng/mL
of donepezil accurately in human plasma with high degree of
reproducibility using only 1.8 min run time. It has been success-
fully used for clinical sample analysis.
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