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HPLC evaluation on 3-n-butylphthalide distribution
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A rapid, sensitive and specific reversed-phase high-performance liquid chromatographic method was
developed for the determination of 3-n-butylphthalide, a drug currently being developed for treatment of
stroke, in mice tissue. Ultraviolet detection were monitored at 228 nm for quantification of 3-n-
butylphthalide. Ibuprofen was used as internal standard. The peak area ratio vs concentration in tissue was
linear over the range of 25.625-1025.000 ng/mL and the limit of quantification was 25.625 ng/mL. The
method was successfully applied to pharmacokinetic investigation in mice. The mean distribution half-life
was 5.471 + 4.736 min and elimination half-life was 58.459 + 34.370 min. Finally, a preclinical bio-
distribution research of 3-n-butylphthalide in mice following intravenous administration had been studied.
Brain targeting of 3-n-butylphthalide was strong and metabolism in the liver and blood was rapid.

INTRODUCTION

3-n-Butylphthalide (Fig. 1) was a volatile drug isolated
from several plants including Apium graveolens, Ligusticum
sinensis and Ligusticum wallichii (Liu and Zhang 2011; Cui et al.
2011; Xu and Zhao 2011). It has two chiral enantiomers of not
equivalent activities (Zhang et al. 2009; Ma and Qu 2007). A
series of studies indicated that 3-n-Butylphthalide attenuated
cerebral ischemic damage in experimental animals with no
marked toxicity. Moreover, 3-n-Butylphthalide was found to
attenuate cerebral ischemic damage mainly due to their ability to
increase regional cerebral blood flow (rCBF) in the ischemic zone
and their inhibitory effects on the release of glutamate and 5-
hydroxytryptamine (Li et al. 2009; Ma et al. 2009).
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Therefore, 3-n-Butylphthalide expects to be a promising
new drug for the treatment of ischemic cerebral diseases such as
stroke. Since 3-n-Butylphthalide is a drug for the treatment of brain
diseases, it is very necessary for us to understand the biodistribution
especially in the brain. Because it could help us to understand its
site of action and the mechanism, but also help to find the target
organs, to determine the target, find a new targeting mechanism and
provide the basis for the safety data.

However, to date, several reports have explored the 3-n-
butylphthalide concentrate in rat plasma and got the
pharmacokinetic profile. However, these methods both need special
instrument and no one had determined its bio-distribution. Till now,
no research on the distribution of 3-n-butylphthalide in the body
had been reported. It's no doubt that, the lack of data had limited the
application of 3-n-butylphthalide. Combined the methods used for
pharmacokinetic study by former scientists, we attempted to
develop a novel, rapid, selective and highly sensitive method to
determine 3-n-butylphthalide in mice tissues using HPLC after
intravenous  administration.  The result would provide
us with new data on its action mechanism and safety evaluation.
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Fig. 1 The structure of 3-n-butylphthalide.

MATERIALS AND METHODS

Material

3-n-Butylphthalide was provided by National Institute for
Control of Pharmaceutical and Biological Products (Beijing, PR
China). The internal standard, Brufen, was purchased from Xinhua
Pharmaceutical Co. (Shangdong, China). Acetonitrile and
methanol of HPLC-grade were purchased from Shanghai ANPEL
Scientific Instrument Co. Ltd (Shanghai, China). All other used
reagents were of analytical grade.

Instrument and Operation Conditions

Analyses were acquired on an Agilent 1200 series
(Agilent Corp., Milford, MA, USA) with column oven allowing
accurate temperature control of the analytical column. A Kromasil
ODS-1 column (150 mm x 4.6 mm, 5 pm) was used. The mobile
phase was a mixture of 0.2 M Sodium Dihydrogen Phosphate
(adjusted to pH 4.5 with phosphoric acid) and acetonitrile (50:50,
v/v) with the flow rate set at 1.0 mL/min. The column temperature
was maintained at 30 °C. The eluents were monitored at 228 nm
(AUFS = 1) (Niu et al. 2008; Zhao et al. 2003a;).

Preparation of Samples

A 40uL aliquot of the I.S. solution (Brufen, 11 pg/mL)
was added to 200 uL plasma samples (tissue bomogenate liquid)
(Zhao et al. 2003a). The samples were deproteinized with 100 uL
perchloric acid (6 % HCIO,) and 200uL diethyl ether was added.
Followed by vortex for 5min, the precipitate was removed by
centrifugation at 6,000 x g for 10 min. The supernatant was
transferred into a clean glass tube and evaporated to dryness in a
water bath at 40 °C under a flow of nitrogen. The residue was
dissolved in 100 uL mobile phase by vortex. After centrifugation,
40 pL supernatant was injected into the column.

Pharmacokinetic and Biodistribution of 3-n-butylphthalide in
mice

The developed method was used to determine the
concentrations of 3-n-butylphthalide in body distribution
investigations in 18 healthy Kunming male mice (Laboratory
Animal Center of Fudan University, Shanghai, China) weighing 20
+2g. Theinjection was prepared with 0.9 % NaCl: propylene
glycol (3:2) to give a solution with a concentration of 0.1 mg/mL.

The injection was administrated to mice via the tail vein
at a dose of 1 mg/kg. For each preparation, 5, 15, 30, 60, 120 and
240 min were chosen as sampling points and three mice were
killed at each sampling point. The animals were dissected after 0.3
mL blood samples were collected into heparinized tubes. Then
each tested organ (heart, liver, spleen, lung, kidney and brain) was
collected. The blood samples were centrifuged immediately at
3500 rpm for 10min to obtain plasma. Every tissue sample was
accurately weighed, homogenized, and extracted with 0.9 % NaCl
solution to gain a concentration of 500 mg/mL (Wang et al. 2008;
Zhao et al. 2004).

The samples were labeled and kept frozen at —20 °C until
analysis.

Data Analysis

Pharmacokinetic parameters were calculated from
plasma concentration — time data using a single-dose, two-
compartment intravenous model, a practical pharmacokinetic
program (the Chinese Society of Mathematical Pharmacology).

RESULTS AND DISCUSSION

Chromatography

This chromatographic method was proven fast
separations and excellent stability while maintaining satisfactory
chromatographic resolution. 3-n-Butylphthalide and the internal
standard (Brufen) were well separated under the experimental
conditions as described above, with retention times of 6.4 and 6.9
min respectively (Fig. 2).

Because a poor resolution was observed at pH lower than
4.0 and unsatisfactory peak widths were observed with buffer at
pH higher than 6.0, the final separation of samples was performed
at pH 4.5 (Zhao et al. 2003a). Fig. 2 shows that there is no
interference from endogenous substances observed at the retention
time of the analytes.

Blank plasma samples (tissue homogenate liquid) spiked
with seven different concentrations of 3-n-butylphthalide was
processed as described in the Experimental section. All
chromatograms  obtained were estimated by peak area
measurement. The calibration curves obtained with peak—area ratio
(y) of 3-n-butylphthalide to internal standard wversus drug
concentration (x) were found to be linear when evaluated by linear
regression analysis in the concentration range of 25.625-1025.000
ng/mL. Typical equations for the calibration curve were list in
table 1.

The precision and accuracy of the assay were estimated
by performing the quality control (QC) samples with low, middle
and high concentrations. The concentrations of QC samples were
calculated from the calibration curve performed on the same day.
The results are shown in table 1. The extraction recovery of 3-n-
butylphthalide are shown in table 2. The mean recovery of the I.S.
(11 pg/mL) was 80.16 % (n = 6).
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Fig. 2: Chromatograms of 3-n-butylphthalide and ibuprofen in plasma by HPLC. (A) tissue sample; (B) drug-free tissue sample; (1) 3-n-butylphthalide; (2) Brufen
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Pharmacokinetic Study

Fig. 3 shows the mean plasma concentration — time
profiles of 3-n-butylphthalide. Plasma levels of 3-butylphthalide
were detectable only up to 240 min. The plasma concentration—
time data fit to a two-compartment intravenous model with a
weight of 1 (Fig. 3). The pharmacokinetic parameters are
summarized in Table 3. The AUC, ; values were 20.
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Fig. 3: Mean (SD) plasma concentration-time curves of 3-n-

butylphthalide in rabbits (n = 6) after a single 1 mg/kg intravenous dose of

3-n-butylphthalide and the fitted curves using a single dose, two-

compartment intravenous model.

Distribution of 3-n-butylphthalide

This validated analytical method has been successfully
applied to determine the tissue concentrations of 3-n-
butylphthalide to support biodistribution studies in rats following
intravenous administration. Fig. 4 shows the biodistribution
profiles of 3-n-butylphthalide in tested tissues.
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Fig. 4 Drug concentration in various tissues (heart, liver, spleen, lung,
kidney, brain, and serum) after i.v. administration of 3-n-butylphthalide at a
dose of 0.1mg/kg. The values are given as mean + SD with n exceeding 3.

From Fig. 4, we can see that 3-n-butylphthalide mainly distributed
in liver and brain tissues. And the concentration in heart
and plasma were relatively higher than those in lung and kidney.

The concentrations in all organs reached the maximum
values at 5 min and then quickly decreased. The elimination rate of
3-n-butylphthalide in the liver and blood was fastest. The content
of 3-n-butylphthalide at 15 min has reduced to half of the content
at 5min. The rapid metabolism of the liver to 3-n-butylphthalide
reduced the drug toxicity. 3-n-butylphthalide quickly distributed
into the brain tissue after injection. The drug concentration in brain
tissue reached the same concentration as in the liver tissue after
5min, which showed a strong brain targeting ability. However,
elimination rate of the 3-n-butylphthalide in the brain tissue was
relatively slow. 3-n-butylphthalide content reduce by one third
after 15 min while kept strong 30 min later in the brain. We know
that the 3-n-butylphthalide is a drug for the treatment of brain
diseases, the slower metabolic rate in the brain has extended its
duration of action, enhanced its effect.

CONCLUSION

This paper describes a new method for the determination
of 3-n-butylphthalide in mice tissues using HPLC in combination
with ultraviolet detection. The method is simple, rapid, and did not
require a complex and expensive equipment.

The method was successfully applied to pharmacokinetic
investigation in mice after intravenous administration of 3-n-
butylphthalide at doses of 1 mg/kg. 3-n-Butylphthalide is rapidly
eliminated from the plasma. Mean distrubition and elimination
half-life (T, and T,,;), total plasma clearance (Cl), and apparent
volume of distribution (\c) values were listed.

The method has also been successfully applied to a
biodistribution study of 3-n-butylphthalide in mice. As indicated
by a large V¢ value and the distribution profile, 3-n-Butylphthalide
is rapidly distributed into the extra-vascular tissues. Brain
targeting of 3-n-butylphthalide was strong and metabolism in the
liver and blood was rapid which has reduced its toxic side effects.
Elimination rate in brain tissue was slow, which has extended its
duration of action, enhanced its effect.

In summary, this paper provides not only a simple,
sensitive and specific HPLC method for the determination of 3-n-
butylphthalide in rat tissues, but also information about the
pharmacokinetic and biodistribution of 3-n-butylphthalide, which
would be of great value in the development of this new drug.
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