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Pharmacokinetics of huperzine A following oral admin
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SUMMARY

The objective of the present study was to investigate the in vivo pharmacokinetics of huperzine A in healthy human volunteers.
Twelve subjects (M 6, F 6; age ranged from 20-25 years) participated in the study. Huperzine A was administered in tablet form at a
single dose of 0.4 mg. Following oral administration, the presence of huperzine A started to appear in the plasma at 5-10 min, and
reached the peak concentrations with a Cmax of 2.59±O.37 nglml at 58.33±3.89 min (time to reach peak level, Tmax)' The area under
plasma vs time curve (AUCo_,) and the area under plasma from zero to infinity (AUCo_oo) for huperzine A were found to be
1986.96±164.57 ug/l-rnin and 2450.34±233.32ltg/l·min, respectively. The results of this study indicated that the pharmacokinetics of
huperzine A conformed to a two-compartmental open model. The mean values of a and the ~ half-life were 21.13±7.28 min and
716.25±130.18 min respectively, and showed a biphasic profile with rapid distribution followed by a slower elimination rate.

INTRODUCTION

Since huperzine A, a natural alkaloid, was first iso
lated from Huperzia serrata by Chinese scientists in
the 1980s (1,2), it has become known on a wide
spread scale. It is a potent, reversible acetylcholin
esterase inhibitor (AchEI) (3-5), which crosses the
blood-brain barrier without difficulty, and demon
strates a high specificity for acerylcholinesterase
(AchE). It has been approved in China as a first-line
drug for the treatment of Alzheimer's disease (AD),
and marketed in the USA as a dietary supplement (6).
Clinical trials have shown that huperzine A is an
efficient and safe drug for the treatment of patients
with mild to moderate AD.

Despite the widespread use of this compound, little
is known about its pharmacokinetic activity. This is
more than likely the result of the lack of a suitable
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analytical method to accurately quantify the low
levels of the drug present in the blood following the
administration of a therapeutic dose (~0.45 mg/day)
to human subjects.

To date, the analytical methods used for the deter
mination of huperzine A in biological fluids have
included high-performance liquid chromatography
(HPLC) with ultraviolet (UV) detection or diode ar
ray (7,8). Huperzine A levels in blood samples from
dogs and rats have also been analyzed by HPLC with
ultraviolet detection and tandem mass spectrometry
(9-11). However, these analytical methods for the de
termination of huperzine A levels have several limi
tations, including the preparation of the extraction
solvent, and the lack of sensitivity and precision es
sential to acquire accurate pharmacokinetic data. In
spite of these limitations, a certain amount of phar
macokinetic data on human subjects has been ob
tained from the analysis of blood samples from six
subjects using HPLC with UV detection method fol
lowing the oral administration of 0.99 mg huperzine
A in a study which doubled the therapeutic dose (7).
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However, the latter results did not allow a valid
statistical assessment of the data.

Recently, an HPLC-mass spectrometry-MS method
(12) has been used for the analysis of huperzine A
levels in samples of human plasma. This study was
designed to characterize the pharmacokinetics of hu
perzine A following its oral administration to human
subjects, and therefore to provide further information
regarding its specific characteristics and activity.

MATERIALS AND METHODS

Materials

Huperzine A was kindly supplied by Kangkeer
Pharmaceutical Co. Ltd (Chongqing, China). Codeine
phosphate was used as internal standard and obtained
from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing,
China). The purity of huperzine A and codeine
phosphate amounted to 99.9 and 99.6%, respectively.
Formic acid and methanol were HPLC grade. All
other chemicals were of analytical grade and used
without further purification. Distilled water, prepared
from demineralized water, was used throughout the
study.

Human study

Twelve healthy adult volunteers (M6, F6) were
enrolled in the west China second university hospital,
Sichuan University, Chengdu, China. The mean age
was 22.8±2.5 years with a range of 20-25 years and
the mean body weight was 65.5±5.3 kg with a range
of 60-71 kg in the study. The volunteers were free
from significant cardiac, hepatic, renal, pulmonary,
neurological, gastrointestinal and hematological dis
eases, as determined by their medical history, physi
cal examination and routine laboratory tests (hema
tology, blood biochemistry and urine analysis). All
subjects were negative for hepatitis B antigen. The
volunteers were instructed to abstain from taking any
drug including over the counter (OTC) for 2 weeks
prior to and during the study period, and to abstain
from ingestion of alcohol and caffeine-containing
food and beverages for at least 48h. The volunteers
were informed about the risks and aim of the study
by the clinical investigator and signed a written in
formed consent statement before entering the study.
This study was performed according to the revised
Declaration of Helsinki for biomedical research in
volving human subjects and the rules of good clinical
practice. The study protocol was approved by the

Ethics Committee of Sichuan University, Chengdu,
People' Republic of China.

After overnight fasting (12 h), the subjects were ad
ministered a single dose of huperzine A in tablet form
(0.4 mg) with 200 ml of water. No food intake was
allowed until 2.5 h post dose. Water intake was
allowed 2 h post dose, after which water and regular
daily meals were provided according to a set time
schedule. The study subjects remained ambulatory
throughout the duration of the study, but were not
allowed to participate in strenuous activity and were
kept under direct medical supervision.

Approximately 4-ml blood samples for the huper
zine A assay were drawn into heparinized tubes
through an indwelling cannula before (0 h) and at 5,
10, 20, 30, 40 and 50 min, then at 1, 2, 5, 8, 10, 12,
15 and 24 h post-dose. The blood samples were cen
trifuged at 8,000 rpm for 3 min, then the plasma was
separated and frozen at -80DC in polypropylene tubes.
After a 7-day period, the study was repeated in the
same manner as described above, to complete the
crossover design.

Sample analysis

Plasma samples were extracted using a liquid-liquid
extraction procedure (12) and analyzed for huperzine
A levels according to a sensitive and selective HPLC
MS-MS procedure, which had been developed and
validated before this study (12).

The HPLC system (Agilent 1100 series) consisted
of a binary pump, an autosampler (100 ul injection)
and a Diamonsil Cl8 column (5 urn, 150x4.6 mm i.d;
Beijing Dikma Technologies, Beijing, China). Iso
cratic chromatography was performed at ambient
temperature with a mobile phase consisting of 1%
formic acid-methanol (40:60, v/v) at a flow rate of
1.00 ml/min, Detection was performed using an Ap
plied Biosystems Sciex API 3000 mass spectrometer
(Applied Biosystems Sciex, Ontario, Canada) using a
TurboIon Spray for ion production. Electrospray
ionization was performed in positive ion mode (ion
spray voltage: 5,500 V) with nitrogen as nebulizer
(gas 1), heater (gas 2), curtain and collision gas (six
units). High-flow gas parameters were optimized
(nebulizer 8 and curtain 7 units) by making success
sive flow injections while introducing the mobile
phase into the ionization source at 0.2 ml/min. The
TurboIon Spray temperature was set at 450 DC, with
the declustering potential at 60 V, the collision ener
gy at 4 V and the collision cell exit potential at 35 V.
The pause time was set at 10 ms, and the dwell time
at 200 ms; the fragment ion at rn/z (243/210) was
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used for huperzine A determination and m/z
(300/199) for the internal standard (codeine phos
phate). The peak area was measured, and the peak
area ratio of the drug to the internal standard and the
concentration were calculated by Agilent software.

A good linear relationship was found between the
concentration of huperzine A and the peak area of
huperzine A, with a high correlation coefficient
(r=:::0.9978) in the range of 0.126-25.2 ng/ml. The
HPLC method was also validated for precision and
accuracy. The intra-day and inter-day precision was
found to be less than 13.7%, and under 14.4% respec
tively (RSD: Relative Standard Deviation). The re
sults therefore showed that this HPLC-MS-MS meth
od was highly reproducible. When using this ap
proach, the observed concentrations (0.251, 2.54,
12.67 and 24.69 ng/ml respectively) were nearer to
the expected concentrations (0.252, 2.52, 12.60 and
25.2 ng/rnl), thereby indicating that this method is
highly accurate (mean accuracy: 99.95%). The lower
limit of quantification for huperzine A amounted to
0.126 ng/ml in the plasma.

Pharmacokinetic analysis

The peak plasma huperzine A concentrations (Cmax )

and the time to reach peak levels (tmax ) were obtained
from the plots of the plasma concentrations of huper-

zine A versus time. The data obtained from these
samples were used to construct pharmacokinetic pro
files by plotting drug concentrations versus time. All
data were subsequently processed by the DAS 2.0
computer program (Drug and Statistics, Anhui, Chi
na).

RESULTS AND DISCUSSION

Huperzine A was found to be well tolerated by the
study subjects; no adverse events that might have in
fluenced the outcome of the study occurred. There
were no drop-outs during the study period, and all the
volunteers who had been enrolled in the study ter
minated the trial, and were discharged in good health.

There is a lack of pharmacokinetic data on huper
zine A in the literature, which is probably due to the
difficulty involved in determining the presence of
huperzine A at low concentrations in the systemic
circulation following therapeutic dose of the drug (::s
0.45 mg/day). As previously noted, the only report
regarding the pharmacokinetics of this drug con
cerned an investigation of its activity on six human
volunteers following 0.99 mg oral administration in a
study, which doubled the therapeutic dose (7).
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Figure I. Mean plasma concentration time profile after oral administration of 0.4 mg of huperzine A in tablet form
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Table I. Pharmaceutical results regarding 12 subjects following orally administered 0.4 mg of huperzine A in tablet form

Study subject t l/2a tl/2~ Tmax C max MRT(o_oo) VI CL AUC(o_t) AUC(o_oo)

min min min Ilgl1 min I lImin ug/l-min ug/l-min

I 18.49 778.15 50.00 2.16 848.76 0.074 0.0005 1803.47 2250.17

2 27.86 712.35 50.00 2.21 668.16 0.051 0.0004 1726.23 2640.15

3 10.73 672.55 60.00 2.99 682.22 0.060 0.0005 2153.97 2229.72

4 22.10 828.80 60.00 2.30 676.07 0.068 0.0004 2188.42 2797.16

5 25.00 902.95 60.00 2.69 691.82 0.047 0.0004 1922.69 2268.21

6 29.10 619.65 60.00 2.78 746.79 0.064 0.0005 2029.25 2314.92

7 18.73 531.60 60.00 3.18 839.84 0.064 0.0004 2089.74 2532.24

8 12.09 664.63 60.00 2.26 900.20 0.061 0.0004 1720.42 2207.11

9 11.80 918.20 60.00 3.07 863.26 0.084 0.0006 2137.68 2710.52

10 20.21 575.25 60.00 2.18 792.09 0.076 0.0005 2056.48 2201.64

11 33.86 582.52 60.00 2.54 823.21 0.042 0.0005 1930.58 2476.12

12 23.61 808.39 60.00 2.70 712.09 0.035 0.0004 2084.57 2776.19

Mean 21.13 716.25 58.33 2.59 770.38 0.061 0.0005 1986.96 2450.34

SD 7.28 130.18 3.89 0.37 83.64 0.Ql5 0.0001 164.57 233.32

C: concentration; MRT (mean residence time): the time at which 63.2% of the dose had been eliminated; VI: apparent volume of
distribution; CL: clearance; AUC(o_t): area under plasma vs time curve; AUC(o_oo) .area under plasma from zero to infinity

Kinetic analysis was carried out by a statistical non
linear regression with a DAS program. With mini
mum Akaike Information Criteria (AIC) values, a
two-compartment open model was proposed and
validated via the program. A biphasic profile with a
rapid distribution followed by a slower elimination
rate was observed from the plasma concentration
time curve (Fig. 1). The pharmacokinetic parameters
derived from these data and calculated by the DAS
program have been shown in Table 1. The drug re
ached its peak concentration with a Cmax of 2.59±O.37
ng/ml at 58.33±3.89 min (Tmax). The mean values for
a (absorption) and the ~ (elimination) half-life of hu
perzine A amounted to 21.13±7.28 min and 716.25 ±
130.18 min respectively. The area under the plasma
huperzine A versus time curve (AVC o_I ) and the area
under the curve from zero to infinity (AVCo_oo) a
mounted to 1986.96±164.57 and 2450.34±233.32
ug/l-rnin respectively. The apparent volume of distri
bution (VI) of huperzine A was 0.06l± 0.015 1, and
the mean clearance (Cl) value was calculated as
being 0.OO05±O.0001 I/min. The mean residence time
(MRT), the time at which 63.2% of the dose had been
eliminated was estimated as being 770.38±83.64 min.

The results conformed to a two-compartment open
model, and differed from those of a one-compartment
model (7) following a single 0.99 mg oral dose of hu
perzine A to six healthy volunteers (M 3, F 3; age
from 21-33 years). The mean values of 58.33±3.89

min and 21.13±7.28 min obtained for tmax and t l /2a

(absorption half-life) were less than the previously
reported 80 and 13 min, which show that huperzine A
in tablet form can be absorbed at a faster rate, thereby
resulting in a sudden spike in drug levels in the
plasma after oral administration of the drug. More
over, the 716.25±130.18 min for the t1!2~ (elimination
half-life) was much longer than 288 min, which
means that the elimination rate was slower. Given the
low therapeutic dose, the Cmax amounted to 2.59±0.37
ng/ml. The mean value of VI was 0.061±0.015 1
indicating the limited distribution of huperzine A, a
finding which was consistent with its high specificity
for AchE.

In conclusion, to our knowledge, the pharmaco
kinetic parameters derived from this study provide
the first comprehensive data on the disposition of
huperzine A in healthy human volunteers. The t1!2~ of
approximately 716 min determined in this study pro
vides a theoretical basis for the therapeutic utiliza
tion of orally administrated huperzine A and associ
ated dosage recommendations. Studies are currently
underway to evaluate the bioavailability of huperzine
A using an extravascular route of administration.
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