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Levo-tetrahydropalmatine (I-THP), one of the main active alkaloids isolated from Rhizoma corydalis, was
recently found to elicit profound effects on the dopaminergic system in the striatum, which plays an
important role in regulating nociception. A rapid and sensitive method based on microdialysis combined
with liquid chromatography-tandem mass spectrometry was developed for the determination of I-THP
in the rat striatum. Microdialysis probes were stereotactically placed in the striatal hemisphere, and I-
THP was measured from the microdialysates collected using LC-MS/MS. Reverse-phase LC separation

ﬁ{moc;f{ sis was accomplished on a Diamonsil™ C18 column (50 mm x 2.1 mm ID, 5 wm) with the mobile phase
LC—MS/MSS] composed of methanol-water (50:50, v/v) at a flow rate of 0.2 ml/min. The method had a chromato-

graphic total run time of 5 min. Detection was performed in electrospray positive mode and quantification
was executed in selected reaction monitoring mode. The following transitions were monitored: m/z
356.0 — 191.9 for I-THP and 256.0 — 167.1 for the internal standard diphenhydramine. The method was
sensitive with a lower limit of quantitation (LLOQ) of 0.1 ng/ml for [-THP, with good linearity in the range
0f 0.1-1000 ng/ml (r? > 0.999). All the validation data, such as accuracy, precision, and inter-day repeata-
bility were within the required limits. The method was successfully applied to pharmacokinetic study of
the [-THP in the rat striatum.

Levo-tetrahydropalmatine
Pharmacokinetics

Crown Copyright © 2012 Published by Elsevier B.V. All rights reserved.

1. Introduction

Invivo analysis traditionally involves collection of tissue or bod-
ily fluids such as blood in order to investigate the metabolism and
final disposition of a pharmaceutical compound. However, collec-
tion of tissues is limited by its requirement of at least one animal
per time point. The tissue must be also homogenized and com-
plicated sample clean-up performed before analysis. Microdialysis
(MD) is a catheter-based sampling technique that is used to collect
only the free fraction of the drug, the therapeutically active por-
tion of the dose can be monitored [1]. The size exclusion properties
of the probe also simplify any sample clean-up steps that would
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normally be needed before analysis of tissue samples [2]. In addi-
tion, instead of acquiring data at discrete time points in traditional
methods, microdialysis is a continuous process. Recent reports have
demonstrated that microdialysis is an excellent method for in vivo
sampling and determination of unbound drug concentrations in
plasma [3-5], tissue samples [5,6], and other biological fluids [7,8]
for pharmacokinetic studies.

Rhizoma corydalis, the dried tuber of Corydalis yanhusuo W.T.
Wang, named as Yuanhu in Chinese, has been widely used as medic-
inal herb to treat spastic pain, abdominal pain, and pain due to
injury [9]. Levo-tetrahydropalmatine (I-THP), one of the main active
alkaloids isolated from R. corydalis, was recently found to elicit pro-
found effects on the dopaminergic system in the striatum [10-12],
which plays an important role in regulating nociception [13,14].
Therefore, studies of the pharmacokinetics of the [-THP in the stria-
tum are of great sense which can provide valuable information for
understanding the mechanisms by which [-THP alleviates nocicep-
tion.

Early publications have described methods for the determina-
tion of tetrahydropalmatine in plasma for pharmacokinetic studies
[15-21]. However, drug concentrations in plasma may not well
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reflect the pharmacologic effects since sites of action may not be
immediately accessible to drugs, especially for CNS (central ner-
vous system) drugs because of drug-blood-brain barrier (BBB)
interactions [22,23]. The pharmacokinetic profile of THP enan-
tiomers in rat brain were investigated by Hong et al. using a LC
method, however, it needed five rats per time point [24]. The
disadvantages of the method are obvious: (1) a large number of
rats were killed; (2) the data of every time point constructing the
concentration-time curve was the average values from five rats
instead of from one rat.

In the present study, a method based on microdialysis com-
bined with liquid chromatography-tandem mass spectrometry
was developed for the determination of [-THP in the rat striatum. To
the best of our knowledge, studies on microdialysis combined with
liquid chromatography-tandem mass spectrometry in the analysis
of [-THP in the rat striatum have not yet been reported.

2. Experimental
2.1. Chemicals and reagents

Levo-tetrahydropalmatine sulfate (optical purity >99.5%) was
provided by Nanning Pharmaceuticals (Guangxi, China). Diphen-
hydramine hydrochloride (IS) was obtained from National Institute
for the Control of Pharmaceutical and Biological Products (Beijing,
China). CaCl,, NayHPO4, MgCl,, KCl and NaCl were purchased from
WaulLian Chemical Factory (Shanghai, China). Methanol (chromato-
graphic grade) was purchased from Merck (Darmstadt, German).
Deionized (18 M$2/cm) water was generated in-house using a Milli-
Q System from Millipore (Bedford, MA, USA).

Sprague-Dawley rats were purchased from Shanghai SLAC Lab-
oratory Animal Co. Ltd. (Shanghai, China). All experiments were
approved by our local Ethics Committee. Furthermore, all animals
received human care according to the criteria outlined in the Guide
for the Care and Use of Laboratory Animals, which was prepared by
the National Academy of Sciences and published by the National
Institutes of Health.

2.2. Apparatus and instruments

A Varian LC-MS/MS system (Palo Alto, CA, USA) consisted
of a ProStar 410 autosampler, two ProStar 210 pumps, and a
12001 triple quadrupole mass spectrometer equipped with an
electrospray ionization source. Varian MS workstation version 6.3
software was used for data acquisition and processing.

Microdialysis sampling was performed by using a BAS micro-
dialyser (BAS Microdialysis,West Lafayette, USA). Microdialysis
probes were prepared using single hollow cellulose fiber (200 wm
inner diameter, i.d.; 220 wm outer diameter, o.d.; 5kDa, DM-
22 dialyzer, Eicom Ltd., Kyoto, Japan). The fiber was glued with
cyanoacrylate glue (Cyberbond Co., Batavia, IL, USA) at both ends to
a piece of quartz capillary tubing (98 wm i.d.; 165 wm o.d.; Polymi-
cro Technologies Ltd., USA) [25].

2.3. Liquid chromatographic conditions

The chromatographic separation was performed on a
Diamonsil™ (18 column (50mm x2.1mm ID, 5wm particle
size, Dikma Technologies Company, China) thermostated at 30°C
with the mobile phase composed of methanol-water (50:50, v/v)
at a flow rate of 0.2 ml/min. Before use, the mobile phase was
filtered through a 0.45 pwm nylon membrane filter. The injection
volume was 10 pl and the analysis time was 5 min per sample.

2.4. Mass spectrometer conditions

The ESI-MS was operated in the positive ion mode. Nitrogen was
used as a drying gas for solvent evaporation. The drying gas tem-
perature was kept at 300°C. Protonated analyte molecules were
subjected to collision induced dissociation using argon as the colli-
sion gas to yield product ions for each analyte. The collision energy
was 25eV for I-THP and 10eV for the diphenhydramine (IS). The
scan time was 1s and the detector multiplier voltage was set to
1650V. Selected reaction monitoring of the precursor-product ion
transitions m/z 356.0 — 191.9 for analyte and 256.0 — 167.1 for IS
was used for quantitation.

In order to prevent contamination of the ion source of MS equip-
ment by the salts in ACSF, the first 2 min of effluent was directed
into a waste bottle.

2.5. Preparation of standard and quality control (QC) samples

A stock solution of 1 mg/ml of I-THP in methanol was used to
prepare the calibration samples and quality control (QC) samples.
This stock solution was prepared weekly and the working solutions
were diluted with ACSF solutions (artificial cerebrospinal fluid,
composition in mM: 1.2 CaCl,, 2.0 NaHPO4, 1.0 MgCl,, 2.7 KCl, 145
NaCl, pH 7.4) to appropriate concentrations daily. IS was prepared
at a concentration of 200 ng/ml in methanol. Calibration standard
solutions (I-THP concentrations: 0.1, 0.3, 1.0, 3, 10, 30, 100, 300 and
1000 ng/ml) were prepared in ACSF prior to each analytical run. QC
samples, which were used in the validation and during the phar-
macokinetic study, were prepared from a different stock solution of
I-THP by independent dilution at three levels for [-THP: 0.2, 10 and
800 ng/ml. Two microliters of IS was added to 40 .l of working solu-
tion before LC-MS/MS analysis. Calibration curves were established
based on the peak area ratios of I-THP to IS against nominal [-THP
concentration using weighted (w=1/x) linear regression analysis.

2.6. In vivo microdialysis procedure

Microdialysis probes (membrane length=3 mm) were stereo-
tactically placed in the striatal hemisphere using the stereotaxic
flat skull coordinates [26] [anterioposterior (AP), 1.7 mm; mediolat-
eral (ML), 3.0 mm; and dorsoventral (DV), 6.4 mm)] after anesthesia
induction (25% urethane, 0.4ml/100¢g i.p.). Microdialysis probes
were perfused with ACSF at a constant flow rate of 1.5 pl/min.
Probes were allowed to equilibrate for 60 min before beginning
sample collection. The dialysis samples were collected at every
30 min. After the experiments, the rats were decapitated. The cor-
rect localizations of the probe were verified and only the rats with
appropriate probe placement were included in the experiment.
Prior to analysis, 2 l of the IS working solution was added to 40 .l
of dialysates, and I-THP was measured using LC-MS/MS system.

2.7. Recovery of microdialysate

For in vivo recovery determinations, a retrograde calibration
technique was used. Microdialysis probes were inserted into the
rats striatum under anesthesia with urethane. After an hour post-
surgical stabilization period, the ACSF perfusion solution was
switched to solutions containing [-THP. For the evaluation of the
effects of [-THP concentrations on in vivo recovery, ACSF solution
containing [-THP (0.1, 1 and 10 p.g/ml, respectively) was perfused
through the probe at a constant flow rate of 1.5 pl/min. For the eval-
uation of with-in day stability of in vivo recovery, ACSF solution
containing [-THP (1 pwg/ml) perfused through the probe at a con-
stant flow rate of 1.5 wl/min. The dialysis samples were collected
at every 30 min. Dialysates entering (Cj,) and leaving the probe
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were analyzed by LC-MS/MS. The relative recoveries of I-THP were
estimated by the equation, recoveryi, yivo = (Cin — Cout)/Cin [27].

2.8. Pharmacokinetic studies

Six SD rats (3 males and 3 females, weighting 220 + 7 g) were fed
with certified standard diet and tap water ad libitum. Temperature
and humidity were regulated at 21-23 °C and 30-60%, respectively.
Alight/dark cycle of 12 hon/12 h off was established. After 1week of
acclimatization, microdialysis probes were stereotactically placed
in the striatal hemisphere. After probe equilibration, rats received
(i.g., intragastric administration) I-THP (40 mg/kg). The dialysates
were collected every 30 min after [-THP administration and stored
at —20°C prior to analysis.

Calibration curves were constructed based on LC-MS/MS anal-
yses of various concentrations of [-THP, and the concentrations
of I-THP in dialysates from rat striatum were calculated from the
calibration curves. The concentration-time data were analyzed
by non-compartmental method using the Bioavailability Program
Package (BAPP, Version 2.0, Center of Drug Metabolism and Phar-
macokinetics, China Pharmaceutical University). The maximum
concentration (Cpax) and the time to reach Cpax (Tmax) were
obtained directly from the concentration-time data. Area under
the concentration-time curve from time zero to the last sampling
time (AUCy_.) was calculated by the trapezoidal rule. AUCy_,, val-
ues were estimated by the combination of AUCy_; and AUC;_.
Mean residence time (MRT) was estimated from AUMC/AUC.

3. Results and discussion
3.1. Recovery of microdialysate

The recoveries of microdialysate were investigated and the
results (Fig. 1) indicated that I-THP recovery was independent on
the concentration range investigated (0.1-10 pg/ml) and the per-
formance of the microdialysis system was stable over an 8 h study,
resulting in a mean in vivo recovery of 12.9 +1.4%.

3.2. LC-MS/MS optimization

Parameters of MSD (mass spectrometer detector) were tuned
according to the MS signal response of the target compound and
the results indicated that the positive mode was much more sen-
sitive than the negative mode. It is necessary to use an IS to get
high accuracy when a mass spectrometer is equipped with LC as
the detector. Diphenhydramine was adopted in the end because
of its similarity of retention action, ionization as well as its less
endogenous interference at m/z 256.0. In the positive ESI mode, the
analyte and IS formed predominately protonated molecular ions
[M+H]* (m/z 356.0 and m/z 256.0) in full scan mass spectra. In the
product ion spectra, several fragment ions were obtained, but the
ion at m/z 191.9 and 167.1 were chosen because they displayed
much greater intensity than the others in the acquisition of [-THP
and IS, respectively. Product ion mass spectra for analyte and IS are
shown in Fig. 2.

The chromatographic conditions, especially the composition of
mobile phase, were optimized through several trials to achieve
good resolution and symmetric peak shapes for the analyte and the
IS, as well as a short run time. Modifiers, such as ammonium acetate
(0.1%, 0.5%) and formic acid (0.1%, 0.5%) were added. The results
indicated that ammonium acetate in the mobile phase did not affect
the ionization efficiency of I-THP and IS. When mobile phase con-
taining formic acid (0.5%) was used, the ionization efficiency of
I-THP and IS can be enhanced, however, the peak was tailed. At
last, methanol-water (50:50, v/v) was adopted as the mobile phase.
After careful comparison of many columns (Ultimate XB-C18,
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Fig. 1. Effects of I-THP concentrations (0.1, 1, and 10 pg/ml) on the in vivo recov-
ery from the microdialysis probe (n=3 each point) (A) and within-day stability of
in vivo recovery (I-THP concentration, 1 wg/ml; n=3) (B). Data were presented as
means + SD for three probes.

50mm x 2.1 mm ID, 5 wm; Zorbax Eclipse Plus, 50 mm x 2.1 mm
ID, 5 wm; Zorbax SB-C18 column, 100 mm x 3.0 mm, 3.5 wm; and
Lichrospher C18 column, 50 mm x 4.6 mm D, 5 um), a Diamonsil™
C18 column (50 mm x 2.1 mm ID, 5 wm) was finally used with a
flow rate of 0.2 ml/min to produce good peak shapes and permit a
run time of 5 min.

3.3. Selectivity

The selectivity of the method was tested by comparing the
chromatograms of blank microdialysates (n=5) and the blank
microdialysates spiked with I-THP at LLOQ (0.1 ng/ml, n=5). All
blank microdialysates lots were found to be free of interferences
with the compounds of interest. Under the above conditions the
retention time of I-THP and IS was 3.8 and 2.6 min, respectively
(Fig. 3).

Matrix effects are generally caused by molecules originating
from the sample matrix that coelute with the compounds of inter-
est. These molecules can interfere with the ionization process in
the mass spectrometer, causing ionization suppression or enhance-
ment. These unpredictable effects cause a compound’s response to
differ when analyzed in a biological matrix compared to a standard
solution. Careful consideration must be given to evaluate and elim-
inate matrix effects when developing an assay [28]. There are two
common methods to assess matrix effects: the post-column infu-
sion method [29] and the post-extraction spike method [30]. In the
present study, first of all, the post-column infusion method was
used to evaluate the matrix effects. Blank microdialysates (10 1)
were injected, and ACSF solution containing [-THP and IS (10 ng/ml,
both) was post-column infused at a flow rate of 0.05 ml/min. From
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Fig. 2. Chemical structures and product ion spectra of [M+H]* of I-THP (A) and diphenhydramine (B).

Fig. 4, we found that endogenous peaks at the retention time of the
analytes of interest were not observed in any of the microdialysates
lots (n=5) evaluated, and ion suppression or enhancement from
matrix was negligible. Secondly, the post-extraction spike method
was applied to determine the matrix effects. The matrix effects
were expressed as the ratio of the mean peak area of analytes
spiked in blank microdialysates to that of neat standards at different
concentrations (0.2, 10 and 800 ng/ml, respectively, n=5). By the
analyses of the samples at QC concentrations, matrix effect values
were calculated. Average matrix effect values obtained were 97.4%
(CV=3.9%,n=5),104.6%(CV=2.1%,n=5)and 98.1% (CV=2.7%,n=5)
for I-THP (0.2, 10 and 800 ng/ml, respectively) and 96.9% (CV =2.1%,
n=>5) for IS (10 ng/ml). Therefore, ion suppression or enhancement
from matrix was negligible for the present method.

3.4. Sensitivity and linearity

The lower limit of quantitation (LLOQ) of the assay, defined as
the lowest concentration on the standard curve that can be quan-
titated with accuracy within 20% of nominal and precision not
exceeding 20% CV, was 0.1 ng/ml. The reproducibility of LLOQ was
determined by examining five LLOQ samples independent from the
standard curve, and the accuracy and precision was 12.6% and 7.0%,
respectively. A typical chromatogram of an LLOQ sample is shown
in Fig. 3C.

Calibration curves were constructed by plotting the peak area
ratios (I-THP/IS) of microdialysates standards vs. nominal concen-
tration. The calibration model was selected based on the analysis of
the data by linear regression with/without intercepts and weight-
ing factors (1/x, 1/x2 and none). The best linear fit and least-squares
residuals for the calibration curve were achieved with a 1/x
weighting factor, giving a mean linear regression equation for the
calibration curve of: y=0.05297x+0.001, r2=0.9997 (n=5), where
y represents the peak area ratios of [-THP to that of IS, and x rep-
resents the concentration of [-THP in ng/ml. Calibration curves
were linear in the range 0.1-1000 ng/ml with r2 > 0.999. Samples
with I-THP concentrations exceeding the range were diluted appro-
priately with ACSF and re-assayed. The difference between the
nominal standard concentration and the back-calculated concen-
tration from the weighted linear regression line varied from —9.5%
to 14.9% for each point on the standard curve (CV varied from 1.5%
to 6.9%).

3.5. Accuracy and precision

The method showed good accuracy and precision. Table 1 shows
a summary of intra- and inter-day accuracy and precision for I-
THP from the QC samples, respectively. In this assay, the intra-day
precision was less than 1.8%, the inter-day precision was less than
4%. The accuracy ranged from 95.2 to 111.7%.
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Fig. 3. Representative chromatograms (channel 1 is for IS and 2 for I-THP): (A) control microdialysis blank sample; (B) IS standard solution; (C) I-THP (LLOQ) and IS (10 ng/ml);
and (D) microdialysate sample collected 7.5~8 h after an intragastric administration of I-THP (40 mg/kg). The measured concentration of [-THP in the microdialysate was

139.4ng/ml.
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Fig. 4. Evaluation of matrix effects by the post-column infusion method. Blank microdialysates (10 wl) were injected, and ACSF solution containing I-THP and IS (10 ng/ml,
both) was post-column infused at a flow rate of 0.05 ml/min.

Table 1
Summary of precision and accuracy from QC sample in ASCF.
Day Low QC Medium QC High QC
0.2 ng/ml 10ng/ml 800 ng/ml

Day 1 Mean + SD 0.223+0.004 9.529+0.103 798.0+14.8
Accuracy (%) 111.7+2.1 95.2+1.03 99.8+1.9
RSD (%) 1.8 1.1 1.8
n 5 5 5

Day 2 Mean + SD 0.216+0.006 9.692+0.386 813.1+28.3
Accuracy (%) 108.1+2.8 96.9+3.9 101.6+3.54
RSD (%) 2.6 4 3.5
n 5 5 5

Day3 Mean + SD 0.221+£0.005 9.679+0.243 825.8+9.6
Accuracy (%) 110.5+2.69 96.8+2.43 103.2+1.2
RSD (%) 24 2.5 1.2
n 5 5 5

Between-day Mean + SD 0.220 +0.006 9.633+0.261 812.3+21.4
Accuracy (%) 110.1+2.8 96.3+2.6 101.5+2.7
RSD (%) 2.5 2.7 2.6
n 15 15 15
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Table 2
Stability of I-THP in ACSF (n=5).
Stability Low QC Medium QC High QC
0.2 ng/ml 10ng/ml 800 ng/ml
Short-term (2h at 25°C) Accuracy (%) 96.0+3.2 101.3+5.1 101.9+2.3
RSD (%) 34 5.1 2.3
Long-term (1 week at —20°C) Accuracy (%) 97.8+4.4 1023+1.4 100.6 +£3.0
RSD (%) 4.5 14 3.0
Autosampler (8 h at 25°C) Accuracy (%) 97.1+4.0 101.3+£5.8 104.8+1.0
RSD (%) 4.1 5.8 1.0
Freeze—thaw (3 cycles) Accuracy (%) 96.7£5.0 102.0+4.3 1043+24
RSD (%) 5.1 4.2 2.2
Table 3
Comparsion of the methods for the determination of tetrahydropalmatine.
No. Biological matrix Extraction procedure Detection method LLOQ (ng/ml) Ref.
1 Rat plasma LLE? LC-MS 1 [15]
2 Rabbit plasma PP® HPLC-DAD 2.05 [16]
3 Rat plasma PP LC-MS/MS 1 [17]
4 Rat plasma LLE HPLC-FLD® 2.096 [18]
5 Rat plasma LLE HPLC-UV 10 [19]
6 Dog plasma LLE HPLC-UV 25 [20]
7 Rat plasma LLE HPLC-UV 20 [21]
8 Rat brain LLE HPLC-UV 20 [24]
9 Rat striatum Microdialysis LC-MS/MS 0.1 Present method

2 Liquid liquid extraction.
b Protein precipitation.
¢ Fluorescence detector.

3.6. Stability

Bench-top stability was investigated to ensure that I-THP was
not degraded in microdialysates samples at room temperature for
a time period to cover the sample preparation, and was assessed
by exposing the QC samples to ambient laboratory conditions for
10 h. Freeze-thaw stability was assessed over three cycles. QC sam-
ples were thawed at room temperature and refrozen at —20°C over
three cycles and assayed. Due to the need for occasional delayed
injection or reinjection of extraction samples, the stability of recon-
stituted samples in autosampler vials was assessed at ambient
temperature for over 24 h. The freezer storage stability of I-THP in
microdialysates at —20 °C was evaluated by assaying QC samples at
beginning and 2 weeks later. Five replicates of all stability QC sam-
ples were analyzed. The result indicated that I-THP had stability
within 96.0-104.8% under those conditions, as shown in Table 2.

3.7. Comparison of methods

There are some references on determination of tetrahydropal-
matine in biological matrix. The methods on determination of
tetrahydropalmatine for pharmacokinetic studies were summa-
rized and compared, as shown in Table 3. Compared with the
methods listed, our method is more sensitive for determination
of I-THP with LLOQ of 0.1 ng/ml. With microdialysis, no sample
clean-up steps were needed before analysis, and no interference
was found from sample matrix.

3.8. Application of the assay

The method described above was applied to study phar-
macokinetics after oral administration of [-THP at 40 mg/kg.
A representative chromatogram from a post-dose sample is
shown in Fig. 3D. The mean concentrations-time profiles of
I-THP after an oral administration are shown in Fig. 5. The
concentration-time data were analyzed by non-compartmental
method and the pharmacokinetic parameters are shown in Table 4.
The plasma concentrations of I-THP reached a Ciax of 3584 ng/ml at
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Fig. 5. Recovery-adjusted mean concentration vs. time after an intragastric admin-
istration of 40 mg/kg of I-THP (n=6).

approximately 1.3 h (Tmax) after dosing and then decreased with a
terminal phase t;, of about 10.2h. In Hong’s studies, the phar-
macokinetic profile of THP enantiomers in rat brain and plasma
were investigated. The discrepancies of pharmacokinetic parame-
ters (the ti and Tmax values were 0.84 and 0.25h, respectively)
between ours and Hong’s may due to the fact that in Hong’s study,
the data of every time point constructing the concentration-time
curve was the average values from five rats instead of from one
rat [24]. These experimental data did not seem to be quite reli-
able. However, our results on tyax are similar to those available in

Table 4
Mean pharmacokinetic parameters after administration of 40 mg/kg of I-THP (n=6).

Pharmacokinetic parameters

Tinax (h) 1.3 +04
Cmax (ng/ml) 3584 + 1430
tij2 10.2 + 6.4
MRT (h) 144 + 8.7
AUC o_; (g h/ml) 17.1 £5.1
AUC ¢ (g h/ml) 354+ 78
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literature on plasma pharmacokinetics of THP[16,17,19]. We might
deduce that [-THP can quickly pass through the blood-brain bar-
rier (BBB) into striatum, where [-THP elicit profound effects on the
dopaminergic system. The larger t;, value in the striatum is also
beneficial to [-THP induced anti-nociceptive effects.

4. Conclusion

In conclusion, we have successfully evaluated the concentra-
tions of [-THP in rat’s striatum by microdialysis technique and
LC-MS/MS assay. Microdialysis is a powerful sampling method for
the in vivo monitoring of pharmacokinetics. The method is very sen-
sitive with an LLOQ of 0.1 ng/ml for I-THP. Good linearity, precision
and accuracy were achieved. All parameters meet the criteria set in
international guidelines for bioanalytical methods. The concentra-
tion profile of I-THP in rat brain was determined. The method was
suitable for the pharmacokinetic studies of I-THP in rat striatum.
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