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Abstract

This investigation describes a new precise, sensitive and accurate stereoselective HPLC method for the simultaneous determination of donepe
enantiomers in tablets and plasma with enough sensitivity to follow its pharmacokinetics in rats up to 12 h after single oral dosing. Enantiomeric
resolution was achieved on a cellulose tris (3,5-dimethylphenyl carbamate) column known as Chiralcel OD, with UV detection at 268 nm, and
the mobile phase consistedhexane, isopropanol and triethylamine (87:12.9:0.1). Using the chromatographic conditions described, donepezil
enantiomers were well resolved with mean retention times of 12.8 and 16.3 min, respectively. Linear resp0r2@) was observed over the
range of 0.05—2.g/ml of donepezil enantiomers, with detection limit of 20 ng/ml. The mean relative standard deviation (R.S.D.%) of the results of
within-day precision and accuracy of the drug werH0%. There was no significant differengex0.05) between inter- and intra-day studies for
each enantiomers which confirmed the reproducibility of the assay method. The mean extraction efficiency was 92.6-93.2% of the enantiomer
The proposed method was found to be suitable and accurate for the quantitative determination of donepezil enantiomers in tablets. The ass
method also shows good specificity to donepezil enantiomers, and it could be successfully applied to its pharmacokinetic studies and to therapeu
drug monitoring.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Alzheimer’'s type. DH was demonstrated to be a potent and
selective inhibitor of brain acetylcholinesterase with less adverse
Alzheimer's disease is a neurodegenerative disordeeffects than physostigmine and tacrii2e3]. In clinical trials,
characterized by progressive loss of memory followed bysignificant correlations are demonstrated between plasma con-
complete dementia. It accounts for 50% of dementia casesentration of donepezil and percentage of acetylcholinesterase
[1]. Donepezil hydrochloride (DH){2,3-dihydro-5,6-dim- inhibition. A 50% inhibition of acetylcholinesterase activity
ethoxy-2-[[1-(phenylmethyl)-4-piperidinyllmethyl]H-inden- is obtained at a plasma drug concentration of 15.6 ng/ml, and
1-onéhydrochloride Fig. 1), is a reversible inhibitor of the inhibition plateaus at plasma concentration of donepezil
acetylcholinesterase. It is the second drug approved by theigher than 50 ng/nK]. Therefore, plasma drug concentration
FDA for the treatment of mild to moderate dementia of thecan be a useful tool to predict clinical outcome of donepezil
in the treatment of Alzheimer disease. It is characterised by
a long plasma half-life (70 h), which is dose-independé&ht
—_— and a similar disposition in young and elderly subjel&k
- Corresponding author. The elimination of donepezil occurs slowly and through both
** Corresponding author. Tel.: +966 14427859; fax: +966 14427858. . ; N i .
E-mail addresses: mradwan@ksu.edu.sa (M.A. Radwan), renal excretion of intact drug and biotransformation via the
hyaboulenein@yahoo.com (H.Y. Aboul-Enein). cytochrome P450 system.
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S (87:12.9:0.1, v/viv), filtered through 0.2dn millipore filter
and degassed by sonication. Separation was carried out iso-
‘ cratically, at ambient temperature (22L°C), and a flow rate
= of 1.0 ml/min, with ultraviolet (UV) detection at 268 nm. The
injection volume was 7hL.

Fig. 1. Chemical structure of donepezil (the asterisk indicates the chiral X X
ce?ner). pezil ( 2.3. Preparation of standard solutions

DH has a chiral center adjacent to a carbonyl group. It is Stock solution of DH was prepared by dissolving 1 mg/ml of

commercially available as the hydrochloride salt and is used arsacemic DH in methanol and stored in 4 ml amber glass vials at
y Y —20°C until used. Calibration standards were prepared daily by

a racemic mixture in dosage forms. The donepzil enantiomera. . . . . : )
e SoE . . ilution with the mobile phase to give DH concentrations in the
have differing extents of inhibition against acetylcholinestrerase

invivo and in vitro[7]; hence it was necessary to clarify the phar- ::ngc?ifvgij_s and 0.054/ml for in vitro and in vivo work,

macokinetics of each isomer during drug development course. .
: . o The solutions were stable for at least 3 months when stored
The importance to develop new chiral discrimination separa-

. : . ; at —20°C, and no evidence of degradation of the analytes was
tion systems to determine enantiomers in bulk substance, dru(g;O : . .
served on the chromatograms during this period.

formulations and in biological fluids increases. This is because
stereoisomers may have different pharmacological effects a
also show differences in pharmacokinetic and pharmacod
namic propertie§d].

. Seve_ral phe_armacokme’qc stud|&7,9—11]|nclud|_ng dfug Two commercially available formulations (Aricéptablets)
interactions with donepezil have been reported using high per;

formance chromatographic (HPLC) method with UV detection abeled to contain either 5 or 10 mg donepezil hydrochloride
(8], but methodology was not described. It should be menVere analyzed. Six tablets of each formulation were used. One

tioned that Matsui et al[7] were the only group addressed tablet was grinded and the content was suspended in methanol

the pharmacokinetics of DH enantiomers in human using quuiciind transferred to a 100 ml volumetric flask with the aid of

. e methanol. The content of the flask was vortexed for 2 min and
chromatography—mass spectrometry, which was sensitive, but

. ’ ~sonicated for 15min, the flask was made up to volume with

complicated. To our knowledge, no data on the pharmacokinet- : . e
) : ; . ) i methanol. Aliquot of the content was filtered and a specified
ics of the enantiomers of DH in rats is available; also no method . . : .
.volume of the filtrate was further diluted with the mobile phase

has been published for their determination in tablets using thltc,o obtain final sample solutions which contained abougfnl

type of column with UV detection. The present study describes . . .
e X of DH. The content of each enantiomer was determined by using

a stereospecific, isocratic, normal-phase HPLC method for the . X
o X . external standard working solutions from pure reference com-
determination of the enantiomers of DH in tablets and plasma

and its application to pharmacokinetic studies in rats. pound run simultaneously.

n24. Determination of donepezil in the pharmaceutical
ydosage forms

2.5. Determination of donepezil in spiked rat plasma
2. Experimental
_ Two hundred microlitres of rat plasma samples were spiked
2.1. Materials with 20-50uL of DH stock solutions in 1.8ml disposable

. ) _ polypropylene microcentrifuge tube. The tube was vortexed for
Racemic donepezil HCl was extracted from tablets and puritysg s, The solution was mixed with 6@ of acetonitrile, vor-

was confirmed by HPLC and mass spectrometry. All othekeyeq at high speed for 1 min, and centrifuged at 20,000 rpm
reagents and chemicals were analytical grade, and used g 15min. The supernatant was transferred to a 5 ml centrifuge

received. tube and evaporated to dryness under a stream of nitrogen. The
residue was reconstituted in 100 of the mobile phase. Each
2.2. Chromatographic system and conditions concentration was prepared at least in triplicate.

The absolute recovery of each enantiomer was assessed by

An HPLC Waters’ system was used in this study. It wasextracting plasma specimens spiked to contain drug concentra-
equipped with Waters 484 variable UV absorbance detectdions from 0.05 to 2.g/ml. The area under the peak (AUP) was
and Waters 717 Plus autosampler. Waters 515 solvent delithen compared with the AUP for mobile phase standards con-
ery system was used to operate the isocratic flow. The dataining equivalent amounts of the drug without extraction.
were collected with an Empower Pro Chromatography Man- Intra- and inter-day accuracy and precision were evaluated
ager Data Collection System, utilizing a Pentium 4 computeby assaying quality controls with different concentrations of DH
connected to Inkjet HP 895 Cxi printer. The used analytica0.05—-2u.g/ml). Intra- and inter-day accuracy and precision were
column (250 mmx 4.6 mm i.d., 1Qum particle size) was a Chi- assessed by analyzing six quality control samples at each con-
ralcel OD column (Daicel Industries, Tokyo Japan). The mobilecentration on the same day and mean values of six replicates with
phase consisted afhexane, isopropyl alcohol and triethylamine the same concentrations on three separate days within a month,
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respectively. Accuracy was presented as percent relative errefs. The area under each drug concentration time curve (AUC,
[(measured concentratienspiked concentration)/spiked con- wgml~1h) to the last data point were calculated by the linear
centration]x 100, while precision was quantitated by calculat- trapezoidal rule and extrapolated to time infinity by the addition
ing intra- and inter-relative standard deviation values (R.S.D.%)of CLasfA, Where,C| a5t is concentration of the last measured
Two different serial numbered Chiralcel OD columns were usedlood sample. The apparent oral clearance (Cl/F) was calculated
to confirm the precision of the method (serial number 20-20from dose/AUC.

00418 and 50-20-30318). The Student-test was used to examine the concentration dif-

ference at each day, and one-way analysis of variance (ANOVA)
2.6. Pharmacokinetics of donepezil in rats after oral was employed to evaluate the reproducibility of the assay. The
administrations level of confidence was 95%.

The animal handling was fully complied with our institu- 3. Results and discussion
tional policies. Twelve male Wistar rats (16415 g) were used
in this study. Rats were randomly divided into two groups 6)  3.1. Analytical parameters
for different sampling time. Each group was marked and housed
in one cage. Water was available ad libitum at all times dur3.1.1. Chromatography and selectivity
ing the experiment. The content of one tablet was suspended in In recent years, the direct separation of enantiomers by chi-
sterile water for injection (SWFI) containing acacia mucilage.ral chromatography has been the target of intense research.
Each rat received an oral dose of 3mg/kg. Immediately befor&nantiomeric selectivity is usually achieved through the appro-
each administration the suspension was vortexed for few segriate choice of a chiral stationary phase and the mobile phase
onds. Blood samples (0.5 ml) were collected from the orbitaconditions. In this study a stereoselective HPLC method was
venous plexus, under light halothane anesthesia, in microtainedeveloped and validated for the rapid quantitative determina-
containing lithium heparin, at 0, 1, 2, 3h and at 4, 8 and 12 hion of donepezil enantiomers. Enantiomer resolution of DH and
from the first and the second groups, respectively, after drubaseline separation in rat plasma was achieved using the Chiral-
administrations. Each data point is the mean of six replicatesel OD column. There were no interfering peaks co-eluted with
Plasma samples were separated by centrifugation at 4000 rptine compound of interesE{g. 2A and B), which could originate

for 15 min and stored at20°C till assayed. from endogenous substances in rat plasma. This has indicated
appropriate selectivity of the elaborated procedure. The order of
2.7. Solution stability and mobile phase stability elution was determined by using an optical detector Chiralycer

(IBZ Messtechnik GmbH, Hannover, Germany), the retention

The concentrations of DH enantiomers in spiked sampletimes of R)- and §)-DH were approximately 12.9 and 16.9 min,
were determined immediately following their preparation andrespectively Fig. 2B). The performance of the HPLC assay was
after storage at-20°C for 1 month. The concentrations in the assessed using the following parameters, namely, selectivity, lin-
stored samples were compared with those found immediatelgarity, limit of quantitation (LOQ), limit of detection (LOD),
after preparation. stability, precision, accuracy and recovery.

Mobile phase stability was carried out by evaluating the con- Various percentages afhexane, isopropy! alcohol and tri-
centration of DH enantiomers in solutions prepared freshly aethylamine in the mobile phase were tested to achieve the opti-
6 h intervals for 2 days. Same mobile phase was used during threum resolution between DH enantiomers. The enantioselectiv-

study period. ity increased by decreasing the concentration of isopropyl alco-
hol. However, lowering the isopropyl alcohol contents resulted
2.8. Data and statistical analysis in an increase in the chromatographic run time.

All results were expressed as the meaa8.D. of three to  3.1.2. Linearity, LOQ and LOD
six replicates. The results were calculated by linear regression Excellent linear relationships ¢ 0.994) were demonstrated
without weighing, using the formul&=a + bX, whereYisthe  between AUP of {)R- and (+§-DH and the correspond-
AUP of the drugga the interceptp the slope, and is the con-  ing plasma concentrations over a range of 0.05p8/nl for
centration of DH. The R.S.D.% was calculated for all valuesboth DH enantiomers. The mean linear regression equation
Since no internal standard was available for the above mentionaaf the peak area ratiosY) versus drug concentration)(
conditions, the AUP was used for each enantiomer. Pharmadf DH was typically of the formyY=(a+S.D.)+ ¢ £S.D.X
cokinetic parameters were estimated using model-independeand it was Y =(850+ 130) +(36528.3: 3067)X for (R)-DH
methodg12]. The terminal elimination rate constant,f was  and Y=(164+16.4)+(40076.Z& 3178 for (S)-DH with
estimated by linear regression analysis of the terminal portiomean correlation of 0.996 0.002 and 0.99% 0.003, respec-
of the log-linear blood concentration-time profile of a drug. Thetively. The LOQ of this assay was 0.9g/ml in rat plasma
terminal elimination half-life §1,2) was calculated from the ter- with the corresponding relative standard deviation of 4.8
minal elimination rate constant using the formila=0.6934,,. and 4.0% for {)R- and (+f-DH, respectively. The LOD
The mean peak drug concentrati@hyay) and the time to reach was 20ng/ml for each enantiomer at a signal-to-noise ratio
Cmax (Tmax) Were derived directly from the individual blood lev- of >3.
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Fig. 2. Representative chromatograms, analyzed on Chiralcel OD column, of extracted drug-free plasma (A), plasma samples spiked with 20@apémil of do
HCI (B). I: (—)R-DH and II: (—)S-DH

3.1.3. Recovery, accuracy, and precision The present method offers significant advantages over those
The mean percentage recovery of 0.0p-g2nl of DH  previously reported methods, one of the reported methods,
was 93.2+ 4.9 for (—)R-DH and 92.6t 5.5 for (+)S-DH with although more sensitive, but was complicafgd. Another
R.S.D.% of<10 for both enantiomers. It should be mentionedmethod, was used for the determination of DH in tabj&g],
that the extraction efficacy of the present assay was found not taut was unable to differentiate between ba®)-(@nd ()-DH.
significantly vary among different concentrations of DH enan-A capillary electrophoresis (CE) was also reporféd] for
tiomers. the determination of DH enantiomers in tablets, but CE is not
Within-day precision and accuracy of the method were deteravailable in all laboratories. It should be mentioned that using
mined from replicate analysig € 6) of four spiked plasma test two different serial numbered of Chiralcel OD columns showed
standards at concentrations within the linear range of the assay significant difference in the precision and accuracy of the
for each drugTable 1. assay.
The reproducibility of the assay was evaluated by comparing
the linear regressions of three standard plots prepared at thréd.4. Stability of DH samples
different days over a 3-week period. The mean correlation coef- DH enantiomers were stable in spiked plasma samples
ficient was >0.994 with R.S.D.% of the slopes of the three line$>90%) for atleast 1 month for all the tested concentrations. Also
was 8.4 and 7.9% foR)- and (§)-DH, respectively. Analysis of there was no observed significant change inthe DH enantiomers’
variance of the data indicated no significant differepce@.05)  concentrations during solution stability and mobile phase stabil-
in the slopes, intra- and inter-day, of the calibration curves. Théty experiments. Hence, DH sample solution and mobile phase
results confirmed the reproducibility of the assay method. are stable for at least 3 months.

Table 1
Precision (R.S.D.%), accuracy (relative error, %) and recovery for determination of donepé&zibfid (+5-DH enantiomers in spiked rat plasma samples §)
Nominal concentration (ng/ml)  Recovery (%) Intra-day Inter-day

Precision (%) Accuracy (%) Precision (%) Accuracy (%)

(-)RDH (#)S-DH (=)R-DH (+)S-DH (-)R-DH (¥)$-DH (—)R-DH (¥)S-DH (=)R-DH  (+)S-DH

50 95.7 93.9 5.9 6.4 5.1 4.6 4.8 4.0 4.3 51
100 89 92 6.5 5.4 5.3 3.7 7.9 8.6 9.7 8
1000 90.7 88.9 7.1 4.4 3.9 2.9 5.7 8.1 9.3 10

2000 97.3 95.5 4.3 3.1 12 2.8 6.5 7.1 2.7 4.5
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Table 2 Table 3
Determination of the mean-)R- and (+§-donezepil enantiomers content in  Pharmacokinetic parameters of donepezil after 0.3 mg/kg PO dose in the rat
pharmaceutical dosage forms<6) (n=6)
Dosage form €)R-DH (+)S-DH Parameter 4)R-DH (+)S-DH
Content (%) R.S.D. (%) Contefit(%) R.S.D.(%)  Cmad (ng/ml) 143+ 66 148+ 110
- Tmax (h) 5.2+4 3.3+2.7
Ar!cepl® 5mg 95.6 8.3 96.2 9.6 AUC (mg hiL) 3.94 2901
Aricept® 10mg  96.9 3.2 97.3 3.4 CI/F (LIhkg) 0.038 0.051
* There is no significant difference % 0.05) of DH enantiomers content 112 (h) 27.2 16.8

among tablets for each for each formulation. a Calculated from the actual data.

3.2. Analysis of donepezil tablets (»<0.05). The {)R-enantiomer showed a slower elimination

than its antipode which ltedinal fthe ()R- th
The validity of the proposed method in chiral analysis Was(+?;-é§::ti§r?1e?.w ichresulted inalongg of the () an

studied by assaying DH enantiomers in two commercially avail-
able tablets (Aricefit5 and 10 mg). Six replicate determinations 4. Conclusion
were made. Compared with the content of DH declared by the’
manufacturer, the recoveries were in the range of 95-105 %

(Table 3 for the two formulations A new simple, stereospecific, reproducible, accurate and

sensitive HPLC method has been successfully developed and
o applied to the determination of DH enantiomers in rats and
3.3. Pharmacokinetics in rats in its commercial tablets. The results were used to generate

S . S _ profiles and to estimate the pharmacokinetic parameters of
A 50% inhibition of acetylcholinesterase activity is obtained p enantiomers up to 12h after oral administration in rats.

at a plasma drug concentration of 15.6 ng/ml, and the inhibitpe disposition of the two enantiomers seems to be differ-
tion plateaus at plasma concentration of donepezil higher thagnt.

50 ng/mlI[15]. Therefore, plasma drug concentration can be a
useful tool to predict clinical outcome of donepezil in the treat- Acknowledgments
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