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ABSTRACT: The present study aims to investigate the possibility of interaction of aspirin (Asp) or clopidogrel (CG) on
donepezil (DP) hydrochloride in rats by HPLC-fluorescence detection. The separation of DP was achieved in ca. 13 min without
interference of Asp and CG on the chromatogram. DP levels in rat plasma with a single administration of DP (5 mg/kg, i.p., group
I) and those with a co-administration of Asp (200 mg/kg, p.o., group II or 200 mg/kg, i.p., group III) or CG (5 mg/kg, p.o., group
IV) were monitored. The DP concentrations determined in rat plasma ranged from 25.0 to 336.1 ng/mL. Pharmacokinetic param-
eters for these groups were calculated and compared with one another. No significant difference was observed on the comparison
of group I with other groups except for the mean resident time of group IV (p = 0.012). These basic findings may help clinical
inference when DP is co-administered with Asp and CG to human. Copyright © 2007 John Wiley & Sons, Ltd.

KEYWORDS: donepezil hydrochloride; aspirin; clopidogrel; HPLC; pharmacokintetics

*Correspondence to: K. Nakashima, Department of Clinical
Pharmacy, Course of Pharmaceutical Sciences, Graduate School of
Biomedical Sciences, Nagasaki University, 1-14 Bunkyo-machi,
Nagasaki 852-8521, Japan.
E-mail: naka-ken@nagasaki-u.ac.jp

Abbreviations used: Asp, aspirin; CG, clopidogrel; DP, donepezil.

INTRODUCTION

Donepezil hydrochloride, {(±)-2-[(1-benzyl-piperidine-
4-yl)methyl]-5,6-dimethoxyindan-1-one hydrochloride,
DP}, which is commercially available as Aricept®, is a
potent, selective and reversible inhibitor of acetylcho-
linesterase and has been prescribed worldwide for
treatment of Alzheimer’s disease (Sugimoto et al., 1990).
DP is thought to exert a therapeutic effect by increas-
ing the concentration of acetylcholine in the brain.
More recently, DP treatment for Down’s syndrome
showed potential improvement of the symptoms in a
nonrandomized–controlled trial (Lott et al., 2002).

Many pharmacokinetic studies of DP with other
medicines, such as cimetidine, ketoconazole, theophil-
line and digoxin, have been reported (Tiseo et al.,
1998a–d). Among them, the combination of DP and
ketoconazole resulted only in a statistically significant
increase in plasma concentration of DP (Tiseo et al.,

1998b). For treatment of Alzheimer’s disease, a phar-
macokinetic interaction study between DP and risperi-
done was carried out, because risperidone has been used
to reduce both psychosis and behavioral symptoms
in patients with dementia (Periclou et al., 2004).
Pharmacokinetic or pharmacodynamic interactions
between DP and memantine, a drug for treatment of
Alzheimer’s disease, were also studied (Zhao et al.,
2003; Tariot et al., 2004). Although DP and selegiline
do not independently exert potential efficacy, their co-
administration significantly improved the scopolamine
and p-chlorophenylalanine-induced memory deficits in
rats (Takahata et al., 2005). Furthermore, N-(4-acetyl-1-
piperazinyl)-p-fluorobenzamide monohydrate (FK960),
an antidementia drug, has been demonstrated to have
potential cognitive-improving actions through enhance-
ment of somatostatin release. Concurrent administra-
tion of FK960 and DP significantly improved memory
impairment in animals (Tokita et al., 2002). Therefore,
the drug–drug interaction of DP and other drugs that
may be co-administrated in clinical practice seems to be
significant. Accumulation of this kind of knowledge
may be helpful for the use of DP in practice.

On the other hand, low dose aspirin (Asp) and
clopidogrel (CG) are known to be antiplatelet agents,
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which are useful for secondary prevention of athero-
sclerotic events in patients with a history of stroke,
myocardial ischemia or peripheral vascular disease
(Zhao et al., 2006; Eikelboom et al., 2005). These drugs
are expected to be co-administered with DP to patients
with dementia because patients with Alzheimer’s disease
are mainly of advanced age and some may frequently
take antiplatelet agents to prevent cardiovascular
disease. For instance, co-administration of DP and CG
was reported in an Alzheimer’s disease patient (Zeolla
et al., 1999). In this case, CG was effectively used in a
patient who had experienced the hepatotoxicity of ticlo-
pidine. However, in any case of the co-administration
of DP and CG, the effect of drug–drug interaction on
pharmacokinetic parameters of DP has not been studied.

In our previous report, a simple and sensitive HPLC
method with fluorescence (FL) detection for determi-
nation of DP in plasma and microdialysate samples
was developed (Nakashima et al., 2006). This method
was successfully applied to determine DP in human
plasma samples from Alzheimer’s patients and monitor
DP in rat brain and blood microdialysates after a single
administration of DP. The aim of this study is to in-
vestigate the possibility of pharmacokinetic interaction
of DP with Asp or CG in rat preliminarily by HPLC-
FL detection. The chemical structures of examined
compounds in this study are shown in Fig. 1. DP con-
centrations with co-administration of Asp or CG
were monitored in rat plasma. Then, pharmacokinetic
parameters of DP were calculated from the results
and compared with those after a single administration
of DP alone.

EXPERIMENTAL

Chemicals. DP and (±)-2-[(1-benzyl-piperidine-4-yl)ethyl]-
5,6-dimethoxyindan-1-one hydrochloride (IS) were kindly
gifted by Eisai Co. Ltd (Tokyo, Japan). Asp, sodium 1-
octanesulfonate, CH3CN and CH3OH were obtained from
Wako Pure Chemical Industries Ltd (Osaka, Japan). CG
(Plavix®) was purchased from Sanofi Synthelabo (Paris,
France). Stock solutions for DP and Asp were prepared at
1 mM and 500 µg/mL with water, respectively. Other reagents
used were of analytical reagent grade. Water was deionized
and distilled using an Aquarius GSR-500 automatic water
distillation apparatus (Advantec Mfs Inc., Tokyo, Japan).

HPLC system. A detailed description of the HPLC method
can be found in our previous report (Nakashima et al., 2006).
Briefly, the HPLC system consisted of an LC-10ADVP liquid
chromatographic pump (Shimadzu Co. Ltd, Kyoto, Japan), a
7125 injector with a 100 µL sample loop (Rheodyne Inc., CA,
USA), a Develosil Combi-RP-5 packed column (50 × 4.6 mm,
i.d., 5 µm, Nomura Chemical Co., Aichi, Japan), a CTO-10AS
VP column oven set at 32°C (Shimadzu), an RF-10A XL
spectrofluorometric detector set at 325 (λex) and 390 (λem) nm
(Shimadzu), a UNI-1p noise cleaner (Union, Gunma, Japan)
and an R-111 recorder (Shimadzu). DP and IS were
isocratically separated with 25 mM KH2PO4–50 mM Na2HPO4

buffer (pH 6.0)–CH3CN (73:27, v/v%) containing 3.5 mM

sodium 1-octanesulfonate for plasma analysis. The flow rate
of the eluent was set at 1.0 mL/min.

Sampling of blood in rats coadministered DP with Asp or
CG. Wistar male rats (275–310 g, Otsubo Experimental Ani-
mals, Nagasaki, Japan) were used for animal experiments.
Rats were divided into four groups. Group I (n = 4) was
administered with a single i.p. dose of DP (5 mg/kg); group II
(n = 5) with a single i.p. dose of DP (5 mg/kg) and a single
p.o. dose of Asp (200 mg/kg) successively; group III (n = 4)
with a single i.p. dose of DP (5 mg/kg) and Asp (200 mg/kg),
and group IV (n = 4) with a single i.p. dose of DP (5 mg/kg)
and a single p.o. dose of CG (5 mg/kg), respectively. CG was
administered as a suspension due to its low solubility in
saline. Thus, only a p.o. dose of CG was demonstrated in this
study. The suspension of CG administered to rat was prepared
as follows: the tablet of CG (Plavix®, 75 mg) was ground and
diluted to prepare a 5 mg/mL suspension with saline. After
administration, rats were anesthetized with ethyl carbamate
(1.5 g/kg) 5 min before sampling. Blood samples (ca. 450 µL)
were collected via arteria femoralis with cannulation, trans-
ferred to EDTA tubes and centrifuged (1000g) for 10 min at
20°C to separate the plasma. Sampling of blood was per-
formed at 0, 15, 30, 60, 90, 120, 180, 240, 300, 360, 420 and
480 min after drug administration. All animal procedures and
care in this experiment were approved by the Nagasaki Uni-
versity Animal Care and Use Committee (no. 0503290417-2).

Extraction of plasma sample. To 100 µL of rat plasma,
15 µL of 3 µM IS and 100 µL of 50 mM borate buffer (pH 10)
were added. DP was extracted with 500 µL of 5% isopro-
panol in n-hexane. The mixture was vortex-mixed for 1 min
and centrifuged (1000g) for 10 min at 10°C. Four hundred
microliters of organic layer were taken and evaporated to

Figure 1. Chemical structures of DP, Asp and CG. IS: (±)-2-
[(1-benzyl-piperadine-4-yl)ethyl]-5,6-dimethoxyindan-1-one
hydrochloride.
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dryness with a CE1 centrifugal evaporator (Hitachi, Tokyo).
The residue was reconstituted with 200 µL of mobile phase
and applied to HPLC analysis.

Pharmacokinetics and statistical analysis of DP in
blood. Pharmacokinetic parameters were calculated using
the DP plasma concentration data obtained in this study. The
peak concentration (Cmax) and the time of occurrence of Cmax

(Tmax) were direct experimental observations.
Pharmacokinetics calculations were processed by the
noncompartmental method (Yamaoka et al., 1978). The elimi-
nation rate constant (Kel) was calculated as the native slope of
non-weighted least squares curve fitted to logarithmically
transformed concentration versus time. The apparent clear-
ance (CLapp) was estimated as the ratio of administered dose
to AUC. All data are presented as means ± standard error of
mean (SEM). Statistical analysis was assessed by unpaired
Student’s t-test with p < 0.05 being considered significant.

RESULTS AND DISCUSSIONS

HPLC determination of DP in rat plasma with
co-administration of Asp and CG

The DP peak was clear from interference of plasma
components when Asp or CG were co-administrated
according to our method previously reported
(Nakashima et al., 2006). As a result, HPLC analysis
of DP could be completed within 20 min with a good
recovery. Figure 2 shows typical chromatograms
obtained from rat plasma (a) before and (b) 120 min
after administration of DP (5 mg/kg, i.p.) with Asp
(200 mg/kg, i.p.). DP and IS were well separated from
the endogenous compounds in plasma and Asp. The

Figure 2. Chromatograms of DP in rat plasma. (a) Before
administration of DP; (b) 120 min after administration of DP
(5 mg/kg, i.p.) with coadministration of Asp (200 mg/kg, i.p.).
The detector sensitivity in (a) is 2 times higher than that in
(b).

retention times for DP and IS were 12.4 and 18.4 min,
respectively. The concentrations of DP were calculated
from the working curve prepared by rat plasma
samples spiked with known concentrations of DP
standard. The working range was from 10.4 to 416 ng/
mL plasma with a good correlation coefficient (r =
0.999). The regression equation of DP was y = 0.028x −
0.376, where y represents the peak height ratio of DP
to IS and x is DP concentration in ng/mL plasma. The
limit of detection for the proposed method was 0.2 ng/
mL at a signal-to-noise (S/N) ratio of 3.

Pharmacokinetic study of DP coadministrated with
Asp. The time courses of DP concentration for groups
I–III are presented in Fig. 3 and the pharmacokinetic
parameters for groups I–III are summarized in Table 1.
The concentration range of DP for groups I–III were
26.9–269.6, 25.0–366.1 and 32.9–292.7 ng/mL, respec-
tively. No significant difference in DP pharmacokinetics
was observed among groups I–III. Although Cmax (228.0
± 98.0 ng/mL) and AUC (4.1 × 104 ± 4.1 × 103 ng/
mL min) of DP in group II were higher than those
(193.4 ± 73.1 ng/mL, Cmax; 3.6 × 104 ± 5 × 103 ng/mL min,
AUC) in group I, no significant difference was ob-
served (p > 0.21). Furthermore, there is no difference
due to the administration route of Asp.

Various drug–drug interactions of Asp with com-
monly used drugs were already known (Trepanier et al.,
2005). The combination of Asp with warfarin leads to
increase bleeding risk due to the replacement of warfa-
rin from the plasma protein binding site or the inhibi-
tion of CYP. For to the same reason, many medicines
co-administered with Asp, such as valproic acid and ace-
tazolamide, cause adverse reactions. Co-administration
of lithium, methotrexate and thiazide diuretic with Asp
would cause drug–drug interaction, since Asp causes
reversible decreases in renal blood flow and glomerular
filtration rate by the inhibition of renal prostaglandin
biosynthesis or a direct cytotoxic effect. However, the
remarkable change of pharmacokinetic parameters (Kel,

Figure 3. Time-course of DP concentration in rat plasma
with/without coadministration of Asp.
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Table 1. Pharmacokinetic parameters of DP coadministrated with of Asp

Group I (n = 4) Group II (n = 5) p-Valuea Group III (n = 4) p-Valuea

Cmax (ng/mL) 193.4 ± 73.1 228.0 ± 98.0 0.72 239.3 ± 53.3 0.52
Tmax (min) 20.0 ± 8.7 26.3 ± 22.5 0.42 18.8 ± 7.5 0.34
T1/2 (min) 338.3 ± 130.8 607.3 ± 209.6 0.21 328.3 ± 81.1 0.93
AUC (ng/mL • min) 3.6 × 104 ± 5 × 103 4.1 × 104 ± 4 × 103 0.36 3.1 × 104 ± 5 × 103 0.38
MRT (min) 174.5 ± 21.8 185.7 ± 31.6 0.72 172.4 ± 25.3 0.93
Kel (1/min) 2.7 × 10−3 ± 1.2 × 10−3 1.4 × 10−3 ± 6 × 10−4 0.22 2.3 × 10−3 ± 6 × 10−4 0.76
Clapp (mL/min) 42.0 ± 6.9 35.9 ± 3.7 0.32 52.2 ± 9.5 0.29

a p-Value vs group I.

Table 2. Pharmacokinetic parameters of DP coadministrated with CG

Group I (n = 4) Group IV (n = 4) p-Value

Cmax (ng/mL) 193.4 ± 73.1 156.2.3 ± 33.6 0.14
Tmax (min) 20.0 ± 8.7 90.0 ± 64.8 0.07
T1/2 (min) 338.3 ± 130.8 240.1 ± 30.4 0.34
AUC (ng/mL • min) 3.6 × 104 ± 5 × 103 4.4 × 104 ± 4 × 103 0.21
MRT (min) 174.5 ± 21.8 232.4 ± 4.0 0.012a

Kel (1/min) 2.7 × 10−3 ± 1.2 × 10−3 3.0 × 10−3 ± 3 × 10−4 0.75
Clapp (mL/min) 42.0 ± 6.9 33.4 ± 4.1 0.21

a p < 0.05 vs group 1.

Figure 4. Time-course of DP concentration in rat plasma
with/without coadministration of CG.

Table 2. Significant difference was observed between
groups I and IV in term of mean residence time (MRT,
174.5 ± 21.8 min vs 232.4 ± 4.0 min; p = 0.012). The
dose of 5 mg/kg for both drugs was higher than that in
clinical use, and only one dose study was performed
in this study. More detail studies should be performed
to clarify whether or not this increase has clinical
relevance.

Recently, many studies of drug–drug interaction of
CG with statins have been reported (Tafreshi et al.,
2006; Lau et al., 2003; Neubauer et al., 2003; Clarke
et al., 2003). These studies have proposed that the use
of statins, which are metabolized by the cytochrome
P450 (CYP) system, may diminish the conversion of
CG to its active form by inhibiting the CYP3A4
isoenzyme. This inhibition could result in a decreased
antiplatelet effect of CG, which could translate into an
increased risk of cardiovascular events. Tafreshi et al.
(2006), who demonstrated a meta-analysis of the drug–
drug interaction of CG with statins, concluded that,
although the interaction between statins and CG
seemed to be a pharmacologic certainty, the clinical
relevance of this interaction needs further clarification.
This report was the basis of our study, because the
main isoenzymes of DP are CYP 3A4 and 2D6 (Tiseo
et al., 1998b), and thus drug–drug interaction between
DP and CG was expected. However, no significant
difference could be observed in this study. On the other
hand, the change of pharmacokinetic parameter for CG
was not expected. The isoform-selective substrate study

Clapp) due to the interactions described above were not
observed in this study.

Pharmacokinetic study of DP with coadministration
of CG. Figure 4 shows the time courses of DP concen-
tration in plasma for groups I and IV. The peak con-
centration of DP for group I (20.0 ± 8.7 min) appeared
more rapidly than that of group IV (90.0 ± 64.8 min).
Then, the DP level of group IV was maintained higher
than group I. The corresponding pharmacokinetic
parameters for groups I and IV are summarized in
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PMW. Effect of aspirin, clopidogrel and dipyridamole on soluble
markers of vascular function in normal volunteers and patients
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Pharmacokinetic and safety assessments of concurrent administra-
tion of risperidone and donepezil. Journal of Clinical Pharmaco-
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has been reported in the Aricept® US package insert
(US Prescribing Information, 2006). The DP concentra-
tions required for 50% inhibition of CYP 1A2, 2C9,
2C19, 2D6 and 3A4 were all larger than 100 µM. Clini-
cal studies have estimated that the steady-state concen-
tration for the 10 mg dose of DP is approximately
164 nM at the hepatocyte.

Recently, enhanced antiplatelet effect by concomi-
tant treatment of CG with other antiplatelet agents,
such as Asp (Eikelboom et al., 2005) and dipyridamole
(Zhao et al., 2006) has been reported. Eikelboom et al.
(2005) reported that the greatest platelet inhibitory
effect of CG was shown in patients with the least
inhibition of arachidonic acid-induced platelet aggre-
gation. The combination of these drugs with CG will
increase in clinical practice. Therefore, pharmacokinetic
interaction study of DP with co-administration of mul-
tiple antiplatelet agents should be investigated in more
detail.

In conclusion, pharmacokinetic interaction of DP
with Asp or CG was preliminarily studied by HPLC-FL
detection. No significant difference of almost pharma-
cokinetic parameters of DP between rats administered
DP alone and with co-administration of Asp or CG
(except for MRT of DP vs CG). These basic findings
may help clinical inference when DP is co-administered
with Asp and CG to human.
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