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bstract

A sensitive and specific high-performance liquid chromatography–tandem mass spectrometry (HPLC–MS–MS) method has been developed
nd validated for the determination of palmatine in canine plasma. Palmatine and jatrorrhizine (internal standard, I.S.) were extracted from plasma
amples by solid-phase extraction (SPE) using Oasis HLB cartridges. The chromatographic separation was performed on a Waters XTerra MS
18 reversed-phase column at 30 ◦C. The gradient mobile phase, delivered at 0.25 mL/min, was composed of a mixture of acetonitrile −0.1%

v/v) acetic acid aqueous solution adjusted to pH 2.8 with triethylamine. Positive electrospray ionization was utilized as the ionization source.
almatine and the internal standard (I.S.) were determined using multiple reaction monitoring (MRM) of precursor → product ion transitions at
/z 352 → 336 and m/z 338 → 322, respectively. The lower limit of quantification (LLOQ) was 0.1 ng/mL using 100 �L plasma samples and the
inear calibration range was from 0.1 to 500 ng/mL. The inter-day and intra-day RSDs were lower than 9.9% and the recoveries of palmatine
anged from 87.3 to 100.9%. The mean extraction recoveries of palmatine and the I.S. were 99.2 and 96.8%, respectively. The method has been
uccessfully applied to the pharmacokinetic studies of palmatine in beagle dogs after oral administration and intramuscular injection of palmatine.

2007 Published by Elsevier B.V.
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. Introduction

Palmatine is an isoquinoline quaternary ammonium alkaloid
xtracted from a Chinese herb Fibaurea recisa Pierre. It pos-
esses antibiotic activity against bacteria, fungi and viruses,
nd exerts vasodilatory, sedative, hepatoprotective and antitu-
or effects [1–6]. In China, palmatine (Fig. 1) has been widely

sed for the treatment of various inflammatory diseases, such
s gynecological inflammation, bacillary dysentery, enteritis,

espiratory tract infection, urinary infection, etc.

Clinically, palmatine is commonly administered by intra-
uscular or oral routes. However, little information about

∗ Corresponding author. Tel.: +86 21 5423 7375; fax: +86 21 54237017.
E-mail address: weiyuweng@yahoo.com.cn (W. Weng).
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he pharmacokinetics of palmatine after intramuscular or
ral administration is available. Since the plasma concentra-
ion of palmatine is extremely low after oral administration,
t is necessary to develop a sensitive analytical method
or the determination of palmatine in complex biological
uids.

High-performance liquid chromatography (HPLC) with UV
as been developed for the determination of palmatine in plasma
fter intravenous administration, but the limit of detection
LOD) was 2 ng/mL, not sensitive enough for oral pharma-
okinetic study [7]. A normal-phase (NP) HPLC method with
uorometric detection could obtain an LOD of 0.1 ng/mL [8].

owever, the method used a considerable amount of delete-

ious organic solvents including dichloromethane as mobile
hase and chloroform for extraction. Moreover, the linear
ange (0.1–10 ng/mL) was not broad enough for all samples

mailto:weiyuweng@yahoo.com.cn
dx.doi.org/10.1016/j.jchromb.2007.04.047
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ig. 1. Chemical structures and product ion mass spectra of molecular ions of
almatine (a) and jatrorrhizine (I.S., b).

hen using the same volume of solvent to reconstitute. An
dditional drawback of the above methods was that at least
mL of plasma was needed to achieve the reported LOD.
ecently, an HPLC–MS method using selected ion monitor-

ng (SIM) mode was applied to the determination of palmatine
n rat plasma after oral administration of Huang-Lian-Jie-Du
ecoction, in which palmatine was one of the main active
omponents. The method had a lower limit of quantification
LLOQ) of 0.31 ng/mL with 100 �L of rat plasma sample,
ut the liquid–liquid extraction (LLE) method required a large
olume of organic solvents (12.5 times the volume of the sam-
le) to achieve acceptable extraction recovery (62.4–66.7%)
9].

HPLC–MS–MS is well known for its high sensitivity and
pecificity for the quantitation of drugs and metabolites in bio-
ogical fluids. In the present work, a sensitive and reliable
PLC–MS–MS method, using multiple reaction monitoring

MRM) mode, was developed and validated for the determi-
ation of palmatine in canine plasma. Solid-phase extraction
SPE) using an Oasis HLB cartridge was employed for sam-
le preparation. The method offers the advantages of higher
ensitivity (LLOQ 0.1 ng/mL), increased extraction recovery
mean 99.2%), decreased organic solvent consumption, broad
inear range and small sample volume (100 �L). The method
as been successfully applied to the pharmacokinetic studies

f palmatine in beagle dogs after oral administration and intra-
uscular injection of palmatine, and can be easily extended to

he pharmacokinetic study of other species of animal, such as
ats.
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. Experimental

.1. Chemicals and materials

Palmatine chloride (>99% purity) was donated by Yunnan
hanyu Pharmaceutical Co. Ltd. (Yunnan, PR China) and inter-
al standard jatrorrhizine chloride (>98% purity, Fig. 1) was
urchased from National Institute for the Control of Pharma-
eutical and Biological Products (Beijing, PR China). Palmatine
hloride tablet was produced by Yunnan Shanyu Pharmaceutical
o. Ltd. (Yunnan, PR China) and palmatine chloride injection
as supplied by Kunming Pharmaceutical Co. Ltd. (Yunnan,
R China). Methanol and acetonitrile (HPLC grade) were pur-
hased from Tedia Company Inc. (Fairfield, OH, USA), and
ther reagents and chemicals (AR grade) were from Shanghai
hemical Reagent Company (Shanghai, PR China). Deionized
ater was purified by a Milli-Q Reagent Grade Water System

rom Millipore (Millipore, Bedford, MA, USA). Oasis HLB car-
ridges (30 mg, 1 mL, Waters, Milford, MA, USA) were used in
he procedure of SPE.

.2. Instrumentation

Chromatographic separation was performed on an Alliance
695 HPLC system (Waters, Milford, MA, USA) consist-
ng of a quaternary pump, a column heater, an autosampler
nd a Millennium chromatographic work station. Detection
as performed by a Quattro Premier triple-quadrupole mass

pectrometer (Micromass, Manchester, UK) using electrospray
onization (ESI) for ion production. Masslynx software (version
.0) was used for sample control, data acquisition and process-
ng. A 10-ports SPE vacuum manifold system (Agilent, USA)
as used for SPE.

.3. LC–MS–MS conditions

The chromatographic separation was achieved on a
aters XTerra MS C18 reversed-phase column (5 �m,

0 mm × 2.1 mm) equipped with a guard column of XTerra C18
5 �m, 10 mm × 2.1 mm). The column temperature was main-
ained at 30 ◦C. The mobile phase composed of a premix of
olvent A (0.1%, v/v acetic acid aqueous solution adjusted to
H 2.8 with triethylamine) and solvent B (acetonitrile). The mix-
ure was eluted at 0.25 mL/min by a gradient method: 20–65%

from 0 to 1.0 min, 65% B from 1.0 to 2.5 min, 65–90% B from
.5 to 2.6 min and 90% B from 2.6 to 4.0 min. The temperature
f the sample cooler in the autosampler was 4 ◦C.

ESI was operated in the positive ion mode with nitrogen as the
ebulizer and drying gas. Collision-induced dissociation (CID)
as achieved using argon as the collision gas. Following opti-
ization of the settings, the instrument parameters were set at

ource block temperature of 100 ◦C, desolvation temperature of
50 ◦C, desolvation gas flow of 800 L/h, cone gas flow of 60 L/h,

ollision gas flow of 0.22 L/h, capillary voltage of 3.20 kV, cone
oltage of 50 V, extractor of 1.0 V, RF lens voltage of 0.8 V,
ultiplier of 650 V. The collision energies for palmatine and

.S. were 25 and 30 eV, respectively.
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Quantification was performed using multiple reaction mon-
toring (MRM) of precursor → product ion transitions at m/z
52 → 336 for palmatine and m/z 338 → 322 for the I.S., respec-
ively. The dwell time was 200 ms.

.4. Preparation of calibration standards and quality
ontrol (QC) samples

Stock solutions of palmatine and jatrorrhizine (all about
mg/mL) were prepared in methanol–water (50:50, v/v). The

tandard working solutions of palmatine and jatrorrhizine were
btained by further dilution of the stock solutions with water.
he I.S. working solution was a 100 ng/mL jatrorrhizine aque-
us solution. All solutions were stored at 4 ◦C and brought to
he room temperature before use.

Calibration standards and quality control (QC) samples dur-
ng validation and pharmacokinetic study were prepared by
piking 100 �L of drug free plasma with 10 �L of standard
orking solutions of palmatine.

.5. Sample preparation

A 100 �L aliquot of plasma sample was mixed with 0.5 mL
f phosphate buffer (0.05 M, pH 7.2) and 50 �L of I.S. work-
ng solution and vortexed for 30 s. The mixture was transferred
nto an Oasis HLB cartridge, preconditioned successively with
mL of acetonitrile, 1 mL of water and 1 mL of phosphate buffer

0.05 M, pH 7.2), and allowed to run through. The cartridge
as washed successively with 1 mL of water and 1 mL of 30%
ethanol, and purged with air till complete drying of the washing

olutions. Palmatine and I.S. were eluted from the cartridge with
.8 mL of a mixture of acetonitrile–concentrated hydrochloric
cid (99.5:0.5, v/v) and the eluate was evaporated to dryness at
0 ◦C under a stream of nitrogen. The residue was reconstituted
ith 100 �L of a mixture of acetonitrile −0.1% acetic acid (8:2,
/v) and then 10 �L was injected to the LC–MS–MS system for
nalysis.

.6. Method validation

The calibration standards at nine levels over the concentra-
ion range of 0.1–500 ng/mL were extracted and assayed by
he above-mentioned method. The calibration curves were con-
tructed by the plots of the peak-area ratios of palmatine to I.S.
y) versus the concentrations of the calibration standards (x).

weighted (1/x2) least-squares linear regression analysis was
erformed for palmatine and the calibration curve was repeated
f the correlation coefficient was below 0.990. The concentra-
ions of palmatine in unknown samples were determined by
nterpolation from the calibration curve.

The accuracy and the precision of the assays for intra-day
nd inter-day determinations were evaluated by the analysis of
C samples at the concentrations of 0.1, 0.5, 10 and 500 ng/mL
n = 5 for each concentration) on the same day and on 5 differ-
nt days, respectively. These levels were chosen to demonstrate
he performance of the method and to determine the LLOQ of
he method. The upper limit of quantitation (ULOQ) was given

(
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y the highest level of the calibration curve. The accuracy was
xpressed as the relative recovery (%), calculated as 100 × (the
bserved concentration)/(the nominal concentration). The pre-
ision was expressed as the relative standard deviation (RSD).

The extraction recovery and the matrix effect for the analytes
ere determined by assaying three batches of samples: neat stan-
ard solutions of palmatine and the I.S. (batch 1), plasma extracts
piked with palmatine and the I.S. after extraction (batch 2), and
lasma extracts spiked with palmatine and the I.S. before extrac-
ion (batch 3). Samples of each batch were prepared at four QC
evels of 0.1, 0.5, 10 and 500 ng/mL. By comparing the absolute
eak areas of the analytes obtained in batches 1–3, the extraction
ecoveries of palmatine and the I.S. were calculated as extrac-
ion recovery (%) = 100 × batch 3/batch 2, and the matrix effect
f palmatine was calculated as matrix effect (%) = 100 × batch
/batch 1.

The stability of reconstituted samples in autosampler vials
as evaluated at 0 and 24 h under the autosampler conditions

4 ◦C). The short-term stability of palmatine in plasma samples
as evaluated by determining the QC samples after being placed

t room temperature (about 25 ◦C) for 2 h. To assess the stability
f palmatine in plasma undergoing three freeze (−20 ◦C)-thaw
ambient) cycles during frozen storage at −20 ◦C, the QC sam-
les at the concentrations of 0.1, 0.5, 10 and 500 ng/mL were
nalyzed on day 1 and day 15.

.7. Application to pharmacokinetic study

Six male healthy beagle dogs weighing between
0.2 ± 0.4 kg were fasted for 12 h before dosing and con-
inued for another 4 h after dosing. Water was freely available.
nimal study was approved by the ethics committee for Animal
xperimentation of Fudan University. For oral administration, a
00 mg palmatine tablet was given to each dog. Approximately
.5 mL blood samples were withdrawn before dosing and at
.5, 1, 2, 3, 4, 5, 6, 8, 12, 24, 36, 48 and 72 h post-dosing. For
ntramuscular injection, the palmatine injections were given
o dogs at a dose of 2 mg/kg. Blood samples were withdrawn
efore injection and at 0.083, 0.17, 0.33, 0.5, 1, 2, 3, 4, 6, 8,
2, 24, 36, 48 and 72 h after injection. All blood samples were
aken into heparinized tubes and centrifuged at 5000 × g at
0 ◦C for 5 min to separate the plasma. The plasma obtained
as stored at −20 ◦C until analysis.

.8. Pharmacokinetic analysis

Pharmacokinetic analysis was performed with the software
ackage WinNonlin Program (Version 5.1, Pharsight, Mountain
iew, CA, USA). Pharmacokinetic parameters were calculated
ith a noncompartmental method using the standard meth-
ds. The time to peak (Tmax) and the peak concentration
Cmax) were measured directly from the concentration–time
urve. The area under the plasma concentration–time curve

AUC0-t) was calculated by the linear trapezoidal rule. The
xtrapolated area under the curve (AUC0-∞) was calculated
s AUC0-∞ = AUC0-t + Ct/Kel, where Ct is the last quan-
ifiable concentration, t is the time of Ct and Kel is the
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limination rate constant determined by log-linear regres-
ion analysis on data points on the terminal log-linear
hase. The terminal elimination half-life (T1/2) was calculated
s 0.693/Kel. Relative bioavailability of oral administration
o intramuscular injection was calculated by the formula
% = AUC0-∞(po) × dose(im)/AUC0-∞(im)/dose(po).

. Results and discussion

.1. Optimization of LC–MS–MS

Chromatographic conditions, especially the composition of
obile phase, were optimized. Since the tandem mass spec-

rometer allows the specific detection of substances with varying
asses or fragments, no or little chromatographic separation is

equired. Therefore, the selection of mobile phase was focused
n good peak shape and appropriate ionization, as well as
short run time. Acetonitrile resulted in better peak shape

han methanol, therefore, it was the preferable organic mod-
fier. Modifiers, such as formic acid, acetic acid and acetic
cid–triethylamine buffers at different pH values, were inves-
igated. Acetic acid–triethylamine buffers could get the better
eak shape than formic acid or acetic acid. Buffer at pH 2.8 gave
he best peak shape and appropriate ionization. Gradient elution
ould improve the peak shape further and elute the residue of
ndogenous substances from the column.

In positive ion scan mode, palmatine and the I.S. gave molec-
lar ions [M]+ as the most intensive precursor ions, and m/z of
heir precursor ions equaled to their MW. Therefore, [M]+ at
/z 352 and 338 were subjected to CID to determine the result-

ng product ions. The product ion mass spectra of palmatine
nd the I.S. are shown in Fig. 1. The major product ions at m/z
37 and 336 for palmatine were candidates for quantification.
hen the collision energy was below 20 eV, the product ion at
/z 337 was more abundant than the ion at m/z 336. However,

he product ion at m/z 337 was not very stable and the adop-
ion of this ion might cause reproducibility problems during
uantitative analysis. With the elevation of collision energy, the
bundance of the ion at m/z 336 exceeded that of the ion at m/z
37 gradually. The product ion at m/z 336 was relatively stable
nd the transition of m/z 352 → 336 had adequate intensity for
ur requirement. Therefore, the transition of m/z 352 → 336 was
elected for quantification of palmatine. A similar phenomenon
as observed in the major product ions at m/z 323 and 322

or the I.S., and the precursor → product ion transition of m/z
38 → 322 was selected for the I.S. A proposed fragmentation
attern for the formation of ions at m/z 336 and 322 is also shown
n Fig. 1.

Compared with the reported LC–MS method using SIM
ode (LLOQ 0.31 ng/mL) [9], the present LC–MS–MS
ethod using MRM mode achieved higher sensitivity (LLOQ

.1 ng/mL) and better specificity.
.2. Optimization of sample preparation conditions

LLE and SPE have been used to extract palmatine from
lasma. The high hydrophilicity of palmatine makes it diffi-

t
s
fi
0
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ult to obtain high recovery by LLE. Lu et al. used a large
olume of organic solvents (12.5 times the volume of the sam-
le) to achieve acceptable extraction recovery (62.4–66.7%)
9]. Our attempts with LLE also obtained unsatisfactory results
nd thus an SPE method was established in our earlier study
7]. However, we recently found that the recovery rates varied
ometimes. The reason could be that the pH value of eluent
0.5% concentrated hydrochloric acid in acetonitrile) was less
han 2, while the conventional C18 sorbent in SPE cartridge
as unstable. In order to achieve reproducible and high analyte

ecoveries, we developed a new method based on our earlier
pproach.

Several stationary phases were initially evaluated in terms of
xtraction recovery of palmatine and RSD. The cartridges inves-
igated were Phenomenex C18, Oasis HLB and Phenomenex
trata X. Oasis HLB was the best phase and selected for
urther investigation. The sorbent of Oasis HLB, a relatively
ew SPE sorbent, incorporates both a lipophilic divinylben-
ene and a hydrophilic N-vinylpyrrolidone. The advantages of
his polymeric cartridge are pH stability range from 0 to 14
or method development flexibility, and the non-requirement
f wet cartridges prior to sample loading offering the con-
enience of continuous vacuuming that saves time in SPE
rocedure.

In order to establish the optimum conditions for the SPE pro-
edure using Oasis HLB cartridges, the pH value of the sample,
he composition of washing solutions, and the composition of
luting solutions were investigated.

To evaluate the effect of sample pH on the extraction recov-
ries, phosphate buffer solutions, at pH values of 5.0, 7.2,
.0 and 11.0, were added to the standard plasma samples
piked with palmatine at the level of 500 ng/mL. The mix-
ure was loaded into cartridges, washed with water and eluted
ith a mixture of acetonitrile–concentrated hydrochloric acid

99.5:0.5, v/v). For Oasis HLB cartridges, the good results were
btained at pH 5.0 and 7.2 with recoveries ranging from 92 to
9%. At higher pH values (pH 9.0 and 11.0), the recoveries
ecreased remarkably. In our experiments, the buffer pH chosen
as 7.2.
Washing solvents with different percentage (5, 10, 20, 30

nd 60%) of methanol in water were evaluated. The results indi-
ated that 30% of methanol achieved the best clean-up results
ithout loss of analytes. Composition of the eluting solutions

dopted a mixture of acetonitrile–concentrated hydrochloric
cid (99.5:0.5, v/v) according to our previous study.

Compared with the SPE method established in our earlier
tudy [7], the SPE method described above achieved higher
xtraction recovery and better reproducibility of the recovery
ate.

.3. Plasma volume

Different volume of plasma sample (0.1–1 mL) was inves-

igated in our preliminary experiments. Using 1 mL of plasma
ample could obtain the highest sensitivity. However, it was dif-
cult to obtain a good linearity over the concentration range of
.1–500 ng/mL by linear regression with/without weighting fac-
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ig. 2. Representative MRM chromatograms of (a) a blank canine plasma samp
nd (c) a plasma sample from a dog after an oral administration of 300 mg palm

ors. Using 0.1 mL of plasma sample, the calibration curve was
inear over the concentration range 0.1–500 ng/mL, and thus not
nly the LLOQ but also the ULOQ could meet our requirement.
oreover, a small volume of plasma sample for assay reduced

he needed blood volume from dogs. In addition, small volumes
f plasma resulted in cleaner samples for analyzing, which was
eneficial to instrument maintenance.

.4. Method validation

.4.1. Specificity
High specificity was found in MRM mode for the determina-

ion of palmatine in canine plasma samples. The representative
RM chromatograms of (a) a blank canine plasma sample, (b)

blank canine plasma sample spiked with palmatine (10 ng/mL)
nd the I.S., and (c) a plasma sample from a dog after an oral
dministration of 300 mg palmatine are illustrated in Fig. 2. Pal-

atine and the I.S. were eluted in 3.7 and 2.4 min, respectively.
o interfering peak was eluted at the retention times of interest.

n addition, ‘cross-talk’ was not observed between palmatine
nd the I.S.

i
r
o
r

) a blank canine plasma sample spiked with palmatine (10 ng/mL) and the I.S.
. Peak 1: palmatine; peak 2: I.S.

.4.2. Linearity and sensitivity
The nine-point calibration curve was linear over the con-

entration range of 0.1–500 ng/mL. The calibration model was
elected based on the analysis of the data by linear regres-
ion with/without weighting factors, and the best linear fit and
east-squares residuals for the calibration curve were achieved
ith a 1/x2 weighting factor. The mean regression equation was
= 0.0059 (±0.0011)x + 0.0013 (±0.0006), r = 0.9904–0.9984,
here y represents the peak-area ratios of palmatine to the I.S.

nd x represents the concentration of palmatine.
The LLOQ (S/N > 10), defined as the lowest concentration

t which palmatine can be quantitated with an accuracy of
0–120% and a precision ≤20%, was 0.1 ng/mL. The LOD
S/N > 3) was 0.03 ng/mL.

.4.3. Accuracy and precision
The data from QC samples were calculated to estimate the
ntra- and inter-day precision and accuracy of the method. The
esults are presented in Table 1. The intra- and inter-day % RSDs
f palmatine detection ranged from 2.7 to 9.5 and from 6.2 to 9.9,
espectively. The relative recoveries of the method for palmatine



284 J.-m. Huang et al. / J. Chromatogr. B 854 (2007) 279–285

Table 1
Summary of the precision and accuracy of the method (n = 5)

Spiked concentration (ng/mL) Concentration found (ng/mL, mean ± SD) Recovery (%) RSD (%)

Intra-day
0.1 0.10 ± 0.01 100.9 9.5
0.5 0.47 ± 0.03 93.0 5.9

10 9.02 ± 0.40 90.2 4.5
500 436.60 ± 11.94 87.3 2.7

Inter-day
0.1 0.10 ± 0.01 97.0 9.9
0.5 0.45 ± 0.04 90.7 9.4

10 8.91 ± 0.73 89.1 8.2
500 485.69 ± 29.89 97.1 6.2

Table 2
Stability of palmatine in canine sample (n = 3)

Sample concentration (ng/mL) Concentration found (ng/mL) Recovery (%) RSD (%)

Stability of the ready-to-inject samples (4 ◦C, 24 h)
0.1 0.10 ± 0.01 98.4 8.5
0.5 0.44 ± 0.02 88.8 4.9

10 9.38 ± 0.93 93.8 9.9
500 473.97 ± 38.21 94.8 8.1

Short-term stability (about 25 ◦C, 2 h)
0.1 0.11 ± 0.01 106.8 6.2
0.5 0.48 ± 0.01 96.9 1.2

10 8.97 ± 0.49 89.7 5.5
500 440.42 ± 15.18 88.1 3.5

Long-term stability (−20 ◦C, 15 days) and freeze-thaw stability
0.1 0.10 ± 0.01 103.7 12.4
0.5 0.47 ± 0.02 94.2 3.7
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10 9.77 ± 0.85
00 486.11 ± 24.23

anged from 87.3 to 100.9% for intra-day, and from 89.1 to
7.1% for inter-day, respectively. These results were within the
cceptable criteria for precision and accuracy.

.4.4. Extraction recovery
The extraction recoveries for palmatine were 96.2, 95.9,

03.3 and 101.5% for QC samples at the concentration of 0.1,
.5, 10 and 500 ng/mL, respectively. The mean recovery for pal-
atine was 99.2%. The extraction recovery of the I.S. was also

valuated and the mean recovery was 96.8%. The RSDs for all
ecoveries were less than 9.6%.

.4.5. Matrix effect
The average matrix effect values obtained were 103.1, 94.4,

01.8 and 99.0% for QC samples at concentration of 0.1, 0.5,
0 and 500 ng/mL, respectively. The results indicated that the
xtracts had little or no detectable co-eluting compounds that
ould influence ionization of palmatine.

.4.6. Stability

In the reconstitution solution, palmatine was stable under

he autosampler conditions (4 ◦C) for at least 24 h. In plasma,
almatine was stable after being placed at room temperature
about 25 ◦C) for 2 h and after undergoing three freeze-thaw

c
0
F
c

97.7 8.7
97.2 5.0

ycles during frozen storage at −20 ◦C for 15 days. Stability
ata are summarized in Table 2. The stability results in our study
nd the published papers [7,9] showed that palmatine had good
tability in plasma samples.

.5. Application

The method was successfully applied to the determination
f palmatine in canine plasma after oral administration of
00 mg palmatine and intramuscular injection of 2 mg/kg pal-
atine. Fig. 3 displays the mean plasma concentration–time

rofiles (n = 6). It showed that the concentrations of pal-
atine in canine plasma were quantifiable for at least 72 h

C = 0.64 ± 0.30 ng/mL) after the oral administration of palma-
ine, and the peak plasma concentrations of palmatine after
ntramuscular injection (C = 334 ± 35 ng/mL) could also be
etermined accurately.

The main pharmacokinetic parameters of palmatine in beagle
ogs after intramuscular and oral administration were reported
or the first time in this paper (Table 3). Following intramus-

ular injection, palmatine was absorbed rapidly with a Tmax of
.2 h. Afterwards, the plasma concentration decreased rapidly.
ollowing oral administration, fluctuation was observed in the
oncentration–time profile. The absorption appeared slow with
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Fig. 3. Mean (±SD) plasma concentration–time profiles of palmatine in dogs (n = 6) fo
injection of 2 mg/kg palmatine. I: a standard scale for concentration; II: a logarithm s

Table 3
The pharmacokinetic parameters of palmatine in beagle dogs following an intra-
muscular injection of 2 mg/kg palmatine and an oral administration of 300 mg
palmatine (n = 6)

Pharmacokinetic parameter Intramuscular injection Oral administration

AUC0-∞ (ng h/mL) 888.7 ± 285.5 161.1 ± 51.4
AUC0-t (ng h/mL) 690.9 ± 185.7 128.3 ± 43.0
Cmax (ng/mL) 334.0 ± 34.5 8.0 ± 2.6
Tmax (h) 0.2 ± 0.0 5.0 ± 1.8
K
T

a
s
d
r
6
i

4

f
o

a
t
m
b
s
t
i

R

[

[

[
[

[

[

[

el (h) 0.019 ± 0.009 0.027 ± 0.013

1/2 (h) 44.6 ± 20.9 31.6 ± 15.8

Tmax of 5 h. After Tmax, the plasma concentration decreased
lowly. Elimination half-lives (T1/2) after intramuscular and oral
osing were 49 and 56 h, respectively. This value is close to the
eported data in dogs after intravenous injection with a T1/2 of
0 h [8]. The relative bioavailability of oral administration to
ntramuscular injection was only 1.31%.

. Conclusions
In this study, a sensitive and specific HPLC–MS–MS method
or the determination of palmatine in canine plasma was devel-
ped and validated. The SPE method using Oasis HLB cartridges

[

[

llowing (a) an oral administration of 300 mg palmatine and (b) an intramuscular
cale for concentration.

chieved reproducible and high extraction recoveries of palma-
ine and the I.S. (jatrorrhizine). Compared with other reported

ethods, the method has the advantages of higher sensitivity,
road linear range and increased extraction recovery. It has been
uccessfully applied to the pharmacokinetic studies of palma-
ine in beagle dogs after oral administration and intramuscular
njection of palmatine.
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