Available online at www.sciencedirect.com

SCIENCE@DIRECT. IOURNALOF
CHROMATOGRAPHY B

ELSEVIER Journal of Chromatography B, 817 (2005) 187-191

www.elsevier.com/locate/chromb

lon-pair reverse-phase high performance liquid chromatography
method for determination of Huperzine-A in beagle dog serum

Jincui Y&, Su Zen§, Wanggang Zharfg Guoshen Chéti

2 |nstitute of Materia Medica, Zhejiang Academy of Medical Sciences, 182 Tian Mu Shan Road, Hangzhou, Zhejiang 310013, PR China
b Department of Pharmaceutical Analysis and Drug Metabolism, College of Pharmaceutical Sciences, Zhejiang University,
Hangzhou, Zhejiang, PR China

Received 30 September 2004; accepted 2 December 2004
Available online 24 December 2004

Abstract

Huperzine-A (Hup-A), a biologically potent, reversible acetylcholinesterase inhibitor for the treatment of Alzheimer disease (AD) in China,
has very low blood concentration. In order to study the pharmacokinetics of newly developed Hup-A transdermal patches in animal, a rapid and
sensitive ion-pair reverse-phase high performance liquid chromatography (RP-HPLC) method for the determination of Hup-A in beagle dog
serum using mebendazole as internal standard has been developed and validated. The analyte and internal standard were extracted from seru
using chloroform—isopropanol (95:5, v/v), analyzed on a C (18) colunum(5150 mmx 4.6 mm i.d.) with a mobile phase consisting of
methanol-water—glacial acetic acid (50:48.5:1.5, v/v/v), using sodium dodecylsulfonate as an ion-pair reagent, and detected with UV detector
at 313 nm. The chromatographic run time was within 15 min. The assay was linear over the concentration range of 1-12 ng/ml and intra- and
inter-day precision over this range was not more than 12.8%. The limit of quantification in serum was 1 ng/ml. The method was successfully
applied to characterize the Hup-A concentration—time profiles and study the single and multiple doses phamacokinetics of Hup-A transdermal
patches in beagle dogs. The pharmacokinetic study results showed that Hup-A patches has the characteristic of sustained or controlled druc
release in vivo.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction are orally administered immediate-release products, includ-
ing tablets and capsules, and have to be administered for 2—3
Huperzine-A (Hup-AFig. 1), a natural alkaloid isolated  times per day. It was reportdd] that rat liver was affected
from Chinese herlbluperzia serratais a potent, reversible  during the acute exposure to Hup-A, especially for overdose
acetylcholinesterase inhibitor, which crosses the blood—brainof Hup-A. Patients with AD have decreased memory, and
barrier smoothly, and shows high specificity for acetyl- this could easily lead to overdosing to get adverse effect or
cholinesterase. It has been approved as a drug for the treatunderdosing not to reach therapeutical level when the drug
ment of Alzheimer disease (AD) in China, and marketed in was administered frequently with bad compliance. Recently,
USA as a dietary supplemeftt]. Results of clinical trials  our institute developed Hup-A transdermal patches, which is
[2,3] showed that Hup-A is efficient and safe in treatment of designed to deliver Hup-A continuously and constantly over
patients with mild to moderate AD if used properly and also 3-4-day interval, after application to intact skin, to overcome
enhance the memory and learning performance of adoles-the disadvantage of orally administered products. In order to
cent students. Currently, the marketed medicines of Hup-A characterize the Hup-A concentration—time profiles, study
phamacokinetics of Hup-A transdermal patches in beagle
* Corresponding author. Tel.: +86 571 88861093; fax: +86 57188861093, 0gS and to evaluate its sustained or controlied drug release
E-mail addressimmtddscgs@163.com (G. Chen). characteristic in vivo, a simple and rapid method for deter-
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CH, Japan). The analytical column was a Shimpack CLC-ODS
H,C (150 mmx 4.6 mm i.d., 5um). The mobile phase was a
mixture of methanol-water—glacial acetic acid (50:48.5:1.5,
v/vIv), which contains 0.0015 mol/L dodecylsulfonate as ion-
NH pair reagent, with a flow rate of 1.0 ml/min. The wavelength
of UV detector was set at 313nm and the temperature of
column oven was set at 3€.

HaN
=~ 0

Fig. 1. Chemical structure of Huperzine-A. 2.3. Preparation of stock and standard solution

mination of Hup-A in blood should be established. Hup-A is Hup-A and mebendazole were accurately weighted, trans-
a biologically potent molecule (maximum recommended hu- ferred to volumetric flasks and dissolved in methanol to make
man daily dose: 45Qg). Its blood concentration is very low individual stock solutions of 10@g/ml. The solutions were
and difficult to detect by routine HPLC method. For this rea- stored at 4C and stable for at least 5 months. The stock
son, there is a little information available on the pharmacoki- solution was diluted with methanol or water to certain con-
netic of Hup-A. Recently, Liquid chromatographic—tandem centration before use according to the analytical requirement.
mass spectrometric meth{l6] for the quantitation of Hup-

Ain dog plasma and in rat blood has been established. Even2.4. Extraction and assay procedure

though LC-MS or LC-MS-MS is considered to be the most

promising technique in pharmacokinetics studies because of ~The pH of 2.5 ml serum was adjusted to 9.5 by adding 1 ml
its sensitivity, specificity and versatility, the high cost and ©of Borax-sodium carbonate buffer (pH 10.8-11.2). Thirty-
the feasibility of such instrument still do not allow the rou- five microliters of mebendazole (Ou®/ml in water) was
tine use for most of analytical laboratories. In this paper, a added as the I.S. Hup-A and I.S. were extracted with 3.0 ml
rapid and sensitive ion-pair RP-HPLC method we developed chloroform-isopropanol (95:5, v/v) by vortex-mixing for

for determination of Hup-A in dog serum was described and 2 min. The organic layer was separated by centrifugation at
validated. 3000x g for 10 min, transferred to a clean spiky bottom tube

and evaporated to dryness under a gentle stream of nitro-
gen at 50C. The extraction procedure was performed twice.

2. Experimental The residue was dissolved with 1@0of mobile phase and
then centrifugated at 20009 for 2 min to precipitate solid
2.1. Chemicals and reagents impurity of the residue. An aliquot of 501 of the resulting

solution was injected into the HPLC system.

Hup-A was provided by Weng Ling Pharmaceutical Co.
(Zhejiang, China). Its purity was 99.6%, which was verified
by Zhejiang Provincial Institute for Drug Control. Hup-A
patches (4 mg/20 cf) was developed by Institute of Ma-
teria Medica, Zhejiang Academy of Medical Sciences (lot
030208). The internal standard (I.S.), mebendazole, was

bought from National Institute for the Control of Pharma- to an area of clean and dry skin on the back of the dogs

ceutical and Biological Product of China. Sodium dodecyl- . . oo .
. . immediately after removal the protective liner. The site of
sulfonate was purchased from Shanghai Shengzhong Fine . o .
. . . . skin was molted 12 h before application. In the single dose
Chemical Co. Ltd (Shanghai, China). Borax, sodium car- study, the patch was worn 84 h (i.e.3.5 days). Blood samples
bonate, Chloroform, glacial acetic acid and all other chemi- Y. P o yS). P

cals or solvents were analytical reagent or chromatographic' - collected from each dog by puncture of the femoral
Y 9 9raphIC, cin at 0 (pre-dose), 4, 6, 8, 10, 12, 24, 32, 48, 56, 72} B4(
grade and purchased from commercial sources. Blood sam- i
96 and 104 h after transdermal wearing. The patches were
ples were collected from beagle dogs by puncture of the

femoral vein, and then processed for serum by centrifugation removed at 84h. 6ml of blood was processed for serum by

. . centrifugation at 300& g for 10 min. Serum samples were
at3000x gfor 10 min. Serum samples were frozen and main- . )
. o . . analyzed as described under extraction and assay procedure.
tained at—20°C until analysis. Purebred beagle dogs were

obtained from Yu Hang animal center (Zhejinang, China).

2.5. Application of the assay

The present assay has been used to quantify the dog serum
concentrations of Hup-A in pharmacokinetic studies of newly
developed Hup-A transdermal patches. The Hup-A patches
20 cnt (containing 4 mg of Hup-A) was given and applied

3. Results
2.2. Equipment and chromatographic condition
3.1. Assay specificity
The HPLC equipment consisted of two LC-10A pumps,
one SPD-10A UV detector, a manual injection with a The specificity of the assay was evaluated with three in-
50wl fixed loop, and a C-R6A data processor (Shimadzu, dependent sources of serum. The results showEd)ir(A)
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tions were made. The mean back-calculated concentrations
approach to the spiked concentration with R.S.D. <15%. In
addition, three calibration curves of independent sources of
blank serum from three different dogs were analyzed for 3

consecutive days, respectively. The results showed that the
calibration curve has good reproducibility.
~4 3.3. Limit of quantification (LOQ)
L . v The limit of detection (LOD) was 0.5ng/ml in serum
0 2 4 6 8 0 2 4 6

.S Hup-A

10 12 14 8 10 1'2 1; for this assay, which was measured based on signal/noise
(A) retention time (min) (B) retention time (min) (S/N)Z 3. The LOQ of the method was defined as the low-
est concentration of Hup-A measured in five replicate with
1.S. 1.S. acceptable precisionf20% R.S.D.) and accuracy-0%).

R.S.D stands for the relative standard deviation. LOQ de-
termined was set at 1 ng/ml of Hup-A in serum and at this
level the R.S.D. was 13.2%. The chromatogram of LOQ was
showed inFig. 2(c).

Hup-A 3.4. Recovery

Hup-A A series of blank serum, spiked with various amounts of
Hup-A were processed as described under extraction and as-
r\JM say procedure. The method recovery was obtained by com-
ey —_— paring the peak-area ratios of Hup-Ato I.S. of extracted sam-
0 2 4 6 810 12714 0 2 4 6 810 1214 ples with which calculated from the calibration curve of Hup-
(C) _ retention time (min) (D) retention time (min) A. While extraction recovery were determined by comparing
Fig. 2. chromatograms of (A) blank serum; (B) blank serum spiked with th_e peak-area ratios Qf HUP_A to 1.S. of ,EXtraCFed .samples
Hup-A and 1.S.; (C) LOQ Grup-a: 1 ng/ml) and (D) dog serum sample. with the peak-area ratios obtained from direct injections of a
standard solution, containing the same concentration of Hup-
and (B) indicated that the method was specific for determin- o and I.S. The average method and extract recovery of as-

ing Hup-A under the chromatographic conditions employed. say was 99.6-109.4% and 72.1-76.0%, respectifelylé 1
The peak locations of I.S. and Hup-A were not interfered by =),

the compounds in serum. I.S. and Hup-A were resolved from
each other completely with retention time of approximately 3.5. Precision
10.8 and 12.8 min, respectively.

The drug-free serum, spiked with Hup-A at different con-
centrations of 1, 5, 10 ng/ml were used for precision studies.
o Intra- and inter-day assay variability were determined by an-
The calibration curve for the assay was constructed by an- . /in five parallel samples and samples on five consecutive

alyzing a series of blank serum spiked with Hup-A (@giml days, respectively. The precision was evaluated by intra-day
in water) in the concentration range from 0.5to 12 ng/ml. The and inter-day R.S.D. R.S.D wagl2.8% for intra-day assay
calibration curve of Hup-A was linear over the concentration and<10.8% for inter-day assayéble 1 n=5).

ranges from 1 to 12 ng/ml by performing a regression linear

analysis of the peak-area ratioR) (of Hup-A to I.S. ver- 3.6. Stability

sus the Hup-A concentration€), The regression equation

wasR=0.138& + 0.0247 and coefficient of correlation) ( The stability of Hup-A in serum was evaluated by com-

was 0.9998. Experimental peak-area ratios were interpolatedparing fresh dog blank serum spiked with 2 and 6 ng/ml of
on the calibration curve and the back-calculated concentra-Hup-A at indicated time. The samples were stored at room

3.2. Calibration curves

;it:ce)v:}ery and precision for assay of Hup-A in blank serunt ¢, %, n=5)
Concentration spiked (ng/ml) Recovery (%) Average relative standard deviation (%)
Method recoveryX=s, %) Extract recoveryX=s, %) Intra-day Inter-day
1 109.4+ 14.4 76.0+ 10.2 128 108
5 99.6+ 3.1 72.1+ 2.3 30 59

10 102.8+ 5.5 74.0+ 4.0 54 5.8
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Table 2 B mining Hup-A in serum but the limit of quantification of the
Stability of Hup-A in dog serum in different storing condition £ s, %, method was 4 ng/ml, which still is not sensitive enough to
n=3) meet the pharmacokinetics study.
ancentrations Storing condition of Mean back-calculated As a naturally weak alkaloid, the serum was adjusted to
spiked (ng/m) __ serum samples concentrations alkalescence (pH 9.5) for extraction of Hup-A by adding al-
2 Room temperature for Oh -~ 2420.25 kaline buffer, which make sure that the Hup-A binding to
g ?gg?ctfg:gzrigg for24h 2238:52 blood constituents, if any, can be dissociated and increase
6 Room temperature for O h 6420.40 the extraction recovery.
6 Room temperature for 24h  5190.40 lon-pair reagent and its concentration were optimized. To
6 —20°C for 32 days 5.6:0.32 choose the proper reagent, alkyl chain lengths should be taken
into consideration. The chain lengths enable selective sep-
o 8T aration of the analyte. The longer the chain, the more hy-
% 7k drophobic the counterion, and therefore, greater the reten-
£ 5t tion. Sodium dodecylsulfate and sodium dodecylsulfonate
§ Ty was evaluated by determining their effects on retention time,
8 E o sensitivity in detection and interference under the same chro-
E2 | A _— matographic condition. The result showed that Hup-A and
g ° I ii[ e I.S. were difficult to separate from each other and sensitiv-
é 2 ] e ity in detection of Hup-A was relatively lower when using
Z = L ® , sodium dodecylsulfate as ion-pair reagent. While sodium do-
O0 12 24 35 48 60 72 84 95 108 decylsulfonate is idea in terms of increasing sensitivity in
Time (hour) detection for Hup-A, suitable retention time and complete

resolution among Hup-A, I.S. and impurities in serum. In ad-
Fig. 3. Profile of mean serum concentration versus time after single dose dition, the retention time of both Hup-A and I.S. is prolonged
transdermal administration in six dogs. as the pH increases.
Hup-A is a moderate fat-soluble compound, based on the
temperature (about 25-3€) for 0h, 24 h and at 20°C for consideration to achieve high extract recovery and to avoid
32 days, then processed and analyzed as described under ex, interfering compounds from serum, Some organic solvent

traction and assay procedure. The concentrations calculatequre evaluated for their extraction efficiengable 3. The
from calibration curve showed that no degradations were ob- extraction recovery of Hup-A and I.S., and assay interfer-

served Table 2 n=3). ence were taken as evaluation criteria. The results showed
that extraction recovery of Hup-A and I.S. is very low when
using cyclohexane, hexane and chloroform as extraction sol-

The present assay has been used to quantify the concenvents. After isopropanol was used as the second solvent, the
tration of Hup-A in dog serum in pharmacokinetic study of extraction recovery of analytes increased, but if the content

Hup-A transdermal patcheBig. 2(D) shows the typical chro- of isopropanol surpassed 5%, the Qrganic !ayer is difficult
matogram of serum sample collected from Hup-A transder- to evapor'ate to dryness. 2-Butanol is ideal in term of Hup-
mal patches treated beagle dog. The pharmacokinetic study® €xtraction recovery, unfortunately, the peak location of
results showed that Hup-A patches has the characteristic of -5+ Was interfered with impurities in serum. So, mixture of
sustained or controlled- drug release in vivo. Following appli- chlorof_orm—lsopropanol (95:5, viv) was finally used as the
cation of the first patch (4 mg/20 @y Hup-A serum concen-  €xtraction solvent.
trations increased for approximately 12—24 h, reaching aver- e 3
age maximum concentration of 3.4 ng/ml. Thereafter, blood exiraction recovery of Hup-A and I.S. using different organic solvents (pH
concentrations were maintained up to 84 h (i.e. 3.5 days) 9.5,Crup-a: 4ng/ml,C;.s: 7 ng/ml,n=3)
during wearing period. The results indicate that the HUp-A organic solvents Extraction recovery (%)  Assay
transdermal patches is suitable for twice-weekly application. interference

. . . Hup-A I.S.
Fig. 3 shows mean Hup-A serum concentration—time pro-

3.7. Application to pharmacokinetic study

file after single dose transdermal administration of Hup-A Cyclohexane 49.7 40.5 -
L Cyclohexane—isopropanol  70.8 65.4 —
patches (4 mg/20 cfin six beagle dogs. (955, vv)
Hexane 50.1 41.9 —
) ) 2-Butanol 78.8 Interfered +
4. Discussion Chloroform 59.5 50.4 -
Chloroform—isopropanol 73.5 70.5 —
A simple, rapid and sensitive analytical method is highly  (95:5, v/v)
required because of very low Hup-A concentration in blood. Ch(g’(’)"lfgrm/")soli’mpano' 763 77.9 -
. , VIV

We once developed a reverse-phase HPLC method for deter-
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