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Abstract

A selective chiral high performance liquid chromatographic (HPLC) method coupled with achiral column was developed and validated to
separate and quantify tetrahydropalmatine (THP) enantiomers in dog plasma. Chromatography was accomplished by two steps: (1) racemic THP
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as separated from biological matrix and collected on a Kromasil C18 column (150 mm× 4.6 mm, 5�m) with the mobile phase acetonitrile-0.1
hosphoric acid solution, adjusted with triethylamine to pH 6.15 (47:53); (2) enantiomeric separation was performed on a Chiralcel OJ
250 mm× 4.6 mm, 5�m) with the mobile phase anhydrous ethanol. The detection wavelength was set at 230 nm. (+)-THP and (−)-THP were
eparated with a resolution factor (Rs) of at least 1.6 and a separation factor (α) greater than 1.29. Linear calibration curves were obtained ov
ange of 0.025–4�g/ml in plasma for each of (+)-THP and (−)-THP (R2 > 0.999) with a limit of detection (LOD) of 0.005�g/ml and the recover
as greater than 88% for each enantiomer. The relative standard deviation (R.S.D.) and relative error values were less than 10% at upp
oncentrations. The method was used to determine the pharmacokinetics of THP enantiomers after oral administration of racemic THP
resented herein showed the stereoselective disposition kinetics of THP in dogs and were a further contribution to the understanding o
ehavior of THP analogues.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Rhizoma Corydalis (yanhusuo), the dried tuber ofCorydalis
anhusuo W.T. Wang, has been traditionally used in China
or the treatment of chest pain, epigastric pain, dysmenor-
heal, traumatic swelling and pain for thousands of years[1].
etrahydropalmatine (THP) was one of the active ingredients

solated from Rhizoma Corydalis, which possessed the effects
f anodyne and hypnosis without drug addiction[2]. It had also
eported that THP had effects including hypotensive effect[3,4],
nti-arrhythmia[5,6], inhibiting the aggregation of thrombo-
ytes[7] and the secretion of gastric acid[8].

The chemical structure of THP was shown inFig. 1. It
ad an asymmetric carbon on the structure. Pharmacological
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studies revealed that (−)-THP act as the blocker of dopami
receptor in nerve central system, accounting for mos
antalgic activity, while (+)-THP acted as initiative substa
of dopamine emptier[9]. THP was applied as the racem
mixture clinically. It was necessary to evaluate the pha
cokinetic behavior of each enantiomer rather than that o
racemate, to use a racemic drug effectively and safely. Se
nonstereoselective analytical methods have been describ
the determination of racemic THP in plasma[10–12]. To our
knowledge, no enantiomeric separation of THP was rep
until now and so did the pharmacokinetics of individ
enantiomers.

Chiral separation by high-performance liquid chroma
raphy using chiral stationary phases is now a well-establ
method for the enantioselective determination of chiral dr
The commonly used chiral stationary phases are pol
charides, such as cellulose, cyclodextrin and macroc
glycopeptides[13–15].
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Fig. 1. Chemical structure of racemic tetrahydropalmatine (THP).

In the present study, the two enantiomers of THP were
separated on Chiralcel OJ column, a cellulose tris(4-
methylbenzoate)-based stationary phase on silica. A sequential
achiral–chiral high performance liquid chromatographic
(HPLC) method was thus developed and validated for the
quantification of the two enantiomers in dog plasma. The
pharmacokinetics of (+)-THP and (−)-THP in dogs was studied
and compared using this method.

2. Experimental

2.1. Chemicals and reagents

Racemic THP (purity 99.5%) and one of its enantiomers,
(−)-THP (optical purity 99.5%) were provided by Nanning
Pharmaceuticals (Guangxi, China). HPLC-grade acetonitrile
and ethanol were obtained from Merck Company (Darm-
stadt, Germany). Hexane, 2-propanol, triethylamine, sodium
hydroxide and phosphoric acid, of analytical reagent grade
were purchased from Shanghai Reagents Company (Shangh
China). Double-distilled water was used for the preparation of
all solutions and 0.45�m pore size filters (Millipore, MA) was
used to filter the solutions.
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2.4. Sample preparation

The plasma samples (0.5 ml) were alkalinized with 0.1 ml
of 1 M NaOH and shaken for 20 s. The mixture was extracted
with 3.0 ml of a mixture of hexane and 2-propanol (95:5), using a
vortex mixer for 2 min and centrifugation at 3500 rpm for 10 min.
An accurately measured 2.4 ml of the supernatant organic layer
was evaporated to dryness in a stream of nitrogen on a 45◦C
water bath. The residue was reconstituted in 100�l mobile phase
(I), followed by centrifugation at 15,000 rpm for 5 min. An 80�l
aliquot of the supernatant was directly injected into the HPLC
system.

2.5. Sample analysis

A Shimadzu 10A HPLC system (Shimadzu Corporation,
Kyoto, Japan), consisting of a standard vacuum degasser, LC-
10ATvp pump, column oven and a multi-wavelength detec-
tor were used to conduct the analysis. Eighty microlitres was
injected into the HPLC system fitted with a C18 reversed-phase
column (150 mm× 4.6 mm, 5�m), protected by a guard column
(10 mm× 4.6 mm) packed with the same packing material (Kro-
masil, Sweden). The mobile phase (I) was acetonitrile–0.1%
phosphoric acid solution, adjusted with triethylamine to pH 6.15
(47:53). The flow rate was 1.0 ml/min and the detection wave-
length was set at 230 nm.
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Six healthy dogs weighing 10–15 kg were obtained from
aboratory Animal Center of Chinese Academy of Scien
hanghai, China. Animals were housed under normal cond
nd allowed to acclimatize for at least 1 week before initia
f studies. Water and standard laboratory food were given
2 h before the experiments.

.3. Drug administration and blood sampling

Six dogs received racemic THP (40 mg/kg) by gas
ntubation followed by 5 ml flush with tap water. Blood samp
each 2.0 ml) were collected before drug administration
ost-dose at 0.083, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and
ach collected blood sample was transferred to a hepari
icrocentrifuge tube and plasma was separated out by cen
ation at 3000 rpm for 10 min. All plasma samples were st
t−20◦C until analysis.
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During the reverse-phase HPLC analysis, the THP fra
as collected into a glass tube at a retention time of 8.5
he collected fraction (∼1 ml) was evaporated under nitrog
tream for 15 min and the resulting solution was alkalinized
M NaOH and prepared as the procedure in Section2.4. The

esidue was reconstituted in 80�l anhydrous ethanol mobi
hase (II), followed by centrifugation at 15,000 rpm for 5 m
n 60�l aliquot of the supernatant was directly injected into
ame HPLC system fitted with a chiral stationary phase co
Chiralcel OJ-H, 250 mm× 4.6 mm, 5�m), protected by a gua
olumn (10 mm× 4 mm) packed with the same packing mate
Daicel Chemicals, Japan). The mobile phase (II) was se
ow rate of 0.5 ml/min. The detection wavelength was se
30 nm and the temperature was maintained at 30◦C.

.6. Calibration curves and assay validation

Stock solution of racemic THP was prepared in w
1.0 mg/ml) and working standard solutions were obtaine
ilutions of the stock solution. Blank plasma samples w
piked with racemic THP at concentrations of 0.05–8�g/ml. The
alibration samples were prepared as described above. Th
ration curves were generated by the peak area of racemic
r each enantiomer versus the concentration of racemic
r half of the concentration of racemic THP spiked in the s
les. The peak area of the individual enantiomer was calcu
y multiplying the peak area measured on the achiral co
y the ratios of the enantiomers obtained from the chiral
mn. Linear regression analysis was performed using Micr
xcel 97 (Microsoft, Redmond, WA). The precision (expres
s R.S.D.) and accuracy (expressed as relative error) o
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assay were obtained by comparing the predicted concentration
(obtained from the calibration curve) to the actual concentration
of racemic THP spiked in blank plasma. The limit of detection
(LOD) was considered as the concentration resulting in a signal-
to-noise ratio (S/N) of 3. The recovery was calculated from the
ratio of the peak area of each enantiomer after extraction from
plasma samples to the peak area of an equivalent amount of
the working standard solution. The calibration curves and assay
validation were all performed in duplicate on five separate occa-
sions (n = 5).

2.7. Pharmacokinetic analysis

The pharmacokinetic parameters were determined based on
the non-compartment model and calculated with an in-house
validated computer program. The maximum plasma concen-
tration (Cmax) and the time to reach maximal plasma con-
centration (Tmax) were obtained from the observed data of
the concentration–time curves. The area under the plasma
concentration–time curve (AUC) and the area under the first-
moment time curve (AUMC) were calculated by the trape-
zoidal method, and were extrapolated to infinity using the last
detectable plasma concentration and the terminal elimination
rate constant. Mean residence time (MRT) was calculated using
the equations MRT = AUMC/AUC. The terminal elimination
half-life (t ) was derived by linear regression analysis of the
t
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Table 1
Effect of column temperature on the separation of THP enantiomers

Temperature (◦C) k′-(+)-THP k′-(−)-THP α Rs

20 1.28 1.66 1.30 1.75
25 1.25 1.63 1.30 1.63
30 1.15 1.49 1.30 1.61
35 1.03 1.33 1.29 1.54

Column: Chiralcel OJ-H (250 mm× 4.6 mm i.d.). Mobile phase: anhydrous
ethanol. Rs is the resolution factor;k′, the capacity factor; andα, the separation
factor.

100%. Therefore, the mobile phase was decided to be 100%
ethanol.

3.1.2. Column temperature
The effect of raising the column temperature in 5◦C incre-

ments was investigated on separation of the THP enantiomers
and the results were showed inTable 1. The separation factor
remained constant at 1.29 while the resolution decreased from
1.75 to 1.54 across the tested temperature range. A raise in
column temperature shortened the elution time and reduced the
column pressure. Therefore, with regards to the right balance
of resolution and elution time, the column temperature was set
at 30◦C.

3.1.3. Effect of flow rate
The influence of flow rate upon resolution was examined

under the optimum mobile phase and temperature conditions
changing the flow rate from 0.3 to 0.7 ml/min. The results were
listed inTable 2. It was found that the flow rate has little effect
on separation factor but significant effect on the resolution.
Although high flow rates would accelerate the speed of anal-
ysis, the column pressure increased. In order to maintain high
resolution and avoid long analysis time, the flow rate was set at
0.5 ml/min.
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erminal phase of the plasma concentration–time curve.

All values were reported as mean± standard deviation. Di
erences between pharmacokinetic parameters of the two
iomers were evaluated by Pairt-test. A value ofP < 0.05 was
onsidered statistically significant.

. Results and discussion

.1. Sequential achiral–chiral HPLC method

Direct injection of the extracts was tested on the Chira
J column. Due to the interference by biological matrix c
onents, the retention times of the enantiomers were incre
rastically diminishing the sensitivity of the method and the
f the column. Therefore, a sequential achiral–chiral system
referable. The chromatographic conditions for the separ
f THP enantiomers were optimized.

.1.1. Mobile phase composition for chiral separation
Cellulose derivative-based phases, introduced by Ichida

16] and Okamoto et al.[17] found application to the chiral sep
ation of a broad range of compounds having different struc
18]. Chiralcel OJ is a cellulose tris(4-methylbenzoate)-b
tationary phase on silica and this support is usually us
ormal phase liquid chromatography. In this study, various

iminary trials were conducted in the normal phase mode
ifferent combinations of hexane, ethanol and 2-propan
elect the mobile phase that would give an optimum separ
nd selectivity for THP enantiomers. There was no indica

hat separation was possible in normal phase mode. Se
ion was observed when the percentage of ethanol rea
d,
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.2. Specificity and chromatography

Under the optimum conditions described, in achiral sys
he retention time of racemic THP was about 8.5 min. Sp
city of the method was demonstrated by the absence o
ndogenous interference at retention time of peaks of inter
valuated by chromatograms of blank dog plasma and pl
piked with racemic THP. The chiral system was suitable
he separation of THP enantiomers. The order of elution

able 2
ffect of flow rate on the separation of THP enantiomers

low rate (ml/min) k′-(+)-THP k′-(−)-THP α Rs

.3 1.16 1.50 1.29 2.4

.4 1.13 1.47 1.30 1.6

.5 1.14 1.48 1.30 1.6

.6 1.13 1.47 1.30 1.6

.7 1.19 1.54 1.29 1.5

olumn: Chiralcel OJ-H (250 mm× 4.6 mm i.d.). Mobile phase: anhydro
thanol. Rs is the resolution factor;k′, the capacity factor; andα, the separatio

actor.
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Fig. 2. Typical chromatograms of racemic THP on achiral system: (A) a blank
plasma; (B) plasma spiked with racemic THP (2.0�g/ml of racemic THP); (C)
dog plasma drawn at 1 h (2.164�g/ml of racemic THP) and (D) dog plasma
drawn at 4 h (0.806�g/ml of racemic THP) after oral administration of racemic
THP (40 mg/kg), where (1) is racemic THP.

identified by injection of the isolated (−)-THP. The retention
times for (+)-THP and (−)-THP were about 16.8 and 19.2 min.
A resolution factor of at least 1.6 and a separation factor greater
than 1.29 for THP enantiomers were obtained. Representative
chromatograms of blank plasma and spiked plasma sample
from the achiral system and the chiral system were shown in
Figs. 2 and 3, respectively. The enantiomers were stable and
no conversion or racemization was observed from the results
obtained by chiral HPLC analysis of racemic THP solution and
(−)-THP solution in this study.

3.3. Assay validation

Linear calibration curves were obtained over the concen-
tration range of 0.05–8�g/ml in plasma for racemic THP

Fig. 3. Typical chromatograms of THP enantiomers obtained from chiral sys-
tem: (A) standard solution of racemic THP; (B) dog plasma drawn at 1 h and (C)
dog plasma drawn at 4 h after oral administration of racemic THP (40 mg/kg),
where (1) is (+)-THP, (2) is (−)-THP.

[y = (217208± 4618)C − (699± 1152), R2 = 0.9995] and
0.025–4�g/ml in plasma for both (+)-THP [y = (217093±
4626)C − (468± 576), R2 = 0.9992] and (−)-THP
[y = (218094± 4638)C − (573± 583), R2 = 0.9993]. The
accuracy and precision of the assay for racemic THP and
individual enantiomer were presented inTable 3. R.S.D. and
error values were less than 10%. The results of the comparison
of plasma-extracted standards versus neat standards were
estimated at 0.05, 0.125, 0.5, 1 and 4�g/ml for individual
enantiomer. The absolute recoveries for individual enantiomer
ranged from 88.7% to 96.4%.The LODs was found to be
0.01�g/ml for racemic THP and 0.005�g/ml for individual
enantiomer.

3.4. Pharmacokinetic analysis

Plasma concentration–time profiles of THP enantiomers fol-
lowing an, e.g. administration of 40 mg/kg THP were illustrated
in Fig. 4. The plasma concentrations of (−)-THP reached aCmax
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Table 3
Accuracy and precision for the determination of tetrahydropalmatine enantiomers in dog plasma (n = 5)

Nominal concentration (�g/ml) Measured concentration (�g/ml) Relative error (%) R.S.D. (%)

Intra-day Inter-day

rac-THP
0.1 0.105± 0.006 5.3 5.9 6.4
0.25 0.243± 0.005 −2.9 1.9 1.7
1 0.988± 0.011 −1.2 1.2 3.3
2 1.986± 0.04 −0.7 2.0 2.7
8 8.24± 0.33 3.0 4.0 3.6

(+)-THP
0.05 0.053± 0.003 5.1 5.8 6.3
0.125 0.121± 0.002 −3.1 2.0 1.6
0.5 0.493± 0.007 −1.4 1.4 3.5
1 0.991± 0.022 −0.9 2.2 2.6
4 4.11± 0.16 2.8 3.9 3.8

(−)-THP
0.05 0.053± 0.003 5.5 5.9 6.6
0.125 0.122± 0.002 −2.7 1.8 1.9
0.5 0.495± 0.005 −1.0 1.1 3.2
1 0.995± 0.019 −0.5 1.9 2.8
4 4.13± 0.17 3.3 4.0 3.5

of 1.72�g/ml at approximately 1.5 h (Tmax) after dosing and
then decreased with a terminal phaset1/2 of about 6.77 h. The
plasma concentrations of (+)-THP reached aCmaxof 0.30�g/ml
at approximately 1.2 h (Tmax) after dosing and then decreased
with a terminal phaset1/2 of about 15.44 h. The plasma con-
centration of (−)-THP was higher than that of (+)-THP at each
time point in every dog, as shown inFig. 4. Pharmacokinetic
parameters determined by non-compartment analysis method
were summarized inTable 4. TheCmax and AUC0∼∞ of (−)-
THP were about five times and nine times as high as those of
(+)-THP, respectively, indicating greater adsorption and distri-
bution of (−)-THP. And thet1/2 and MRT of (+)-THP were
greater than those of (−)-THP, suggesting faster elimination
of (−)-THP. Similarly, the other pharmacokinetic parameters
of the enantiomers were also significantly different. The stere-
oselectivity in the pharmacokinetics of THP enantiomers was
evident in both plasma concentrations versus time profiles and
estimated pharmacokinetics for the individual enantiomers of

F in six
d
(

Table 4
Pharmacokinetic parameters of THP enantiomers following oral administration
of racemic THP in six dogs (40 mg/kg)

Parameter (+)-THP (−)-THP

Cmax (�g/ml) 0.30± 0.18 1.72± 0.75*

Tmax (h) 1.17± 0.52 1.50± 0.45
AUC0∼τ (�g h/ml) 0.85± 0.54 8.63± 1.27*

AUC0∼∞ (�g h/ml) 1.14± 0.64 10.02± 2.48*

t1/2 (h) 15.44± 8.12 6.77± 2.70*

MRT (h) 24.10± 10.91 14.64± 3.64*

* Significantly different from (+)-THP atP < 0.05.

THP. It would appear that the pharmacokinetic behavior of (−)-
THP is responsible for the greater pharmacological effects as
anodyne and hypnosis.

4. Conclusion

The sequential achiral–chiral HPLC method described in this
paper was suitable for the quantification of THP enantiomers
and the study of the stereoselective pharmacokinetics of THP in
dogs. The use of the sequential achiral–chiral system avoided
direct injections of interfering components from the biologi-
cal matrix and preserved the chiral stationary phase from rapid
degradation. Pharmacokinetic analysis showed (−)-THP had
higherCmax, AUC0∼τ and AUC0∼∞ than that of the (+)-THP
after the oral administration of racemic THP at 40 mg/kg, indi-
cating the disposition of THP was stereoselective in dogs.
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