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Abstract

A rapid and simple high-performance liquid chromatographic (HPLC) method has been developed for the determipatomatric acid in
rat plasma and applied to a pharmacokinetic study in rats after administration of a plBddp-coumaroyl scandoside methyl ester, isolated
from Hedyotis diffusa (Willd.). Sample preparation involved protein precipitation with acetonitrile. The supernatant was then injected onto ¢
DiamonsilTM Gg column (250 mmx 4.6 mm i.d., 5.m). The mobile phase consisted of acetonitrile—water (21:79, v/v) with 1% glacial acetic
acid. The UV detector was set at 310 nm. The lower limit of quantificatipnafumaric acid in rat plasma was 0.,08/mL. The calibration curves
were linear over the concentration range 0.02gBnL with correlations greater than 0.999. The assay procedure was applied to the study of the
metabolite pharmacokinetics 8f6-O-p-coumaroyl scandoside methyl ester in rat.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction has been reported for the analysispe€oumaric in rat plasma
by HPLC-ECDI4]. We are the first to develop a simple, rapid,

p-Coumaric acid ig. 1c), as a phenolic acid, is an antioxi- sensitive, and selective HPLC-UV method for the determina-

dant which is implicated for the prevention of pathologies, suction of p-coumaric acid in rat plasma and we have used this

as colon cancdf,2] and cardiovascular diseag8% It has been  method successfully in an intragastric pharmacokinetic study of

reported that there is a high efficient intestinal absorption op-coumaric acid as metabolite &f6-0O-p-coumaroyl scando-

p-coumaric acid in vivd4]. In addition, in vitro studies have side methyl ester in rats.

demonstrated thatcoumaric acid is transported across human

intestinal Caco-2 cellg5,6].

Recently a prodrugk-6-O-p-coumaroyl scandoside methyl
ester Fig. 1a), was isolated fronHedyotis diffusa (Willd.),
which can be further hydrolyzed t@-coumaric acid in vivo.
Following intragastric administration in rats, the prodrug could
not be detected in plasma due to extensive metabolism. Sin%en
no previous pharmacokinetic study of this estep-@oumaric
acid has been reporteH;6-O-p-coumaroyl scandoside methyl
ester is worthy of further evaluation.

2. Experimental
2.1. Materials and reagents

E-6-0-p-coumaroyl scandoside methyl ester was separated
d purified from an ethanol extract 8f diffusa Willd and its
structure was confirmed by UV, IR, MS and NMR spectroscopy.
The purity was 96.3% as determined by HPp&oumaric acid

To studv the ph Kinetics of th drug in vi was also separated frofd. diffusa Willd. Tinidazole (TNZ,
0 Study the pharmacokinetics of the prodrug In vivo, a seny; 1b) used as internal standard (1.S.) was supplied by the

- . - . Fig.
sitive, precise and accurate assay method is essential. A methngtional Institute for the Control of Pharmaceutical and Bio-

logical Products (Beijing, China). Glacial acetic acid was of
* Corresponding author. Tel.: +86 24 23986285. analytical grade and acetonitrile was of chromatographic grade
E-mail address: gxjhyz@yahoo.com.cn (X. Guo). from Corncord Tech (Tianjing, China). Healthy Wistar rats were
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Each blank rat plasma sample was spiked with TNZ solution and
different concentrations gf-coumaric acid to prepare a series
of standards for the calibration curve. Quality control (QC) sam-
ples were prepared at low (0.08/mL), medium (Jn.g/mL) and
high (5,g/mL) concentrations in the same way as the plasma
samples for calibration. All the samples were stored 20°C

until analysis.

2.4. Pharmacokinetic studies in rats

Six Wistar rats (body weight 226 20 g) were fasted for 12 h
with free access to water during the experiment. The rats were
then given a dose of 20 mg/kg6-O-p-coumaroyl scandoside
methyl ester in a vehicle consisting of 10% trimethylene glycol
and 90% sterile saline solution by intragastric administration
(i.9.). Blood samples (0.5 mL) were collected from the suborbital
vein into heparinized tubes at 0.33, 0.67, 1, 1.5, 2, 3and 4.5h
following drug administration.

All blood samples were immediately centrifuged for 10 min
at 12,000x g, and the plasma was transferred into clean tubes.
Then, to 10QwL plasma, 10Q.L I.S. solution (5.1ug/mL) and
100p.L acetonitrile were added, followed by vortex mixing for
90 s and centrifuging at 12,000¢ for 10 min. The upper organic
phase was transferred into labeled clean tubes and el 20
aliquot of the solution was injected into the HPLC system for
analysis.

Fig. 1. Structures of-6-O-p-coumaroyl scandoside methyl ester (a); TNZ (b); 3. Results and discussion
p-coumaric acid (c).

3.1. Specificity
obtained from the Experimental Animal Center of Shenyang

Pharmaceutical University. Typical chromatograms of blank plasma, blank plasma spiked

with p-coumaric acid and 1.S., and rat plasma at 0.67 h after
administration off-6-O-p-coumaroyl scandoside methyl ester
are presented iRig. 2 p-Coumaric acid and the I.S. were eluted

The HPLC system consisted of a LC-10A system (Shimadzu',itg"‘ and 12.8 m_in, respectively._There were nointerfering peaks
Kyoto, Japan) equipped with a LC-10AD pump, a variable@t the retention times gf-coumaric acid and I.S.
UV detector model SPD-10A UV-vis and an Anastar work-
station (Tianjin, China). The mobile phase was a mixture of3.2. Calibration and validation
acetonitrile—water (21:79, v/v) containing 1% glacial acetic acid.
Separations were performed on a DiamonsilTlyg €olumn The calibration curve for the determination picoumaric
(250 mmx 4.6 mm i.d., Gum) at room temperature. The efflu- acid was linear over the range of 0.02s&/mL with a mean cor-
ent was monitored by UV detection at 310 nm at a flow rate ofelation coefficient of 0.9992. The linear regression of the curve
1.0 mL/min. for the peak area ratio versus concentration was weightedby 1/
The mobile phase was filtered through a Q.48 cellulose  (the reciprocal of the square of tecoumaric acid concen-
membrane filter (Auto Science, Tianjing, China), and degassetation). The mean%S.D.) regression equation from replicate
under reduced pressure before use. calibration curves on different days was:

2.2. Chromatographic system

) o ) y = (0.591+ 0.007) + (0.0351+ 0.003)
2.3. Preparation of calibration standards and quality

control samples wherey is the peak area ratio pfcoumaric acid to the I.S. and
x, the plasma concentration pfcoumaric acid.

Stock solutions gh-coumaric acid (2@.g/mL) and tinidazole The lower limit of quantitation (LLOQ) was defined as the
(5pg/mL) were prepared in acetonitrile and stored in light-lowest concentration measured with an imprecision of less than
protected glass bottles at’@. Solutions ofp-coumaric acid 20% (coefficient of variation, cv) and accuracy of 80-120%. The
with concentrations of 0.02, 0.1, 0.2, 0.5, 1, ZudmL were  LLOQ was found to be 0.02g/mL for p-coumaric acid in rat
prepared by serial dilution of stock solutions with acetonitrile.plasma.
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0.005 Table 2
Pharmacokinetic parameterse€oumaric acid as metabolite in rats after intra-
0.004 gastric administration af-6-O-p-coumaroyl scandoside methyl ester(6)
Cmax (ng/mL) 0.2364+ 0.047
0.003 Timax (h) 1.2+023
T2 (h) 1.3+ 0.5
0.002 Ke (h71) 0.6+ 0.2
M . AUCo_; (g min/mL) 23.8+ 5.1
0.001 AUCo_ (g min/mL) 26.0+ 4.7
MRT (h) 22405
0.000 CL (mL/min) 874.8+ 145.1
0 5 10 15
A Minutes than 11.7%. The determined values deviated from the nomial
0.005 concentration _With R.E. Ie_zss than 5.0%. _ _
The extraction recoveries pfcoumaric acid from the spiked
0.004 plasma samples were calculated at low (Qu@2mL), medium
2 (1 pg/mL), and high (5.g/mL) concentrations. Recovery was
0.003 1 calculated by comparing the observed concentrations with the
spiked concentrations. The mean extraction recoverigs- of
0.002 coumaric acid at the three concentrations were 23%63,
M 98.2+ 3.5 and 98.5t 4.4%. The extraction recovery of the I.S.
0.001
was 97.9%.
0.000 The stability ofp-coumaric acid in rat plasma was investi-
gated through three freeze-thaw cycles using the QC samples.
® ° * vindtes 15 The relative errors at the three different concentrations studied
were 7.3, 4.6 and-3.1%. The stability of the analyte in plasma
0.005 and mobile phase was investigatedCoumaric acid was shown
to be stable in rat plasma at room temperature for at least 8 h
0.004 (R.E.<—3.7%) and in the reconstitution mobile phase at room
temperature for 24 h (R.E.<8.9%). All procedures were car-
0008 1 ried out under light-protected conditions.
0.002
2 3.3. Pharmacokinetic applicability
0.001 <\
The described analytical method was used to analyze plasma
0.000 samples following the administration @&-6-O-p-coumaroyl
5 3 o 5 scandoside methyl ester at a dose of 20 mg/kg rat body weight.
(©) Minutes The standard pharmacokinetic parameters, namely: the max-

Fig. 2. RepresentativechromatographyofbIankaasma(A);plasmaspikedwithmum plasma con_centratlorC,Q]ax_), time pomt_ Of m:’_iXImum

I.S. (TNZ, 5.1ug/mL) andp-coumaric acid (1.Q.g/mL) (B); a plasma sample at plasma concentratiorff,ax), half-life of drug elimination dur-

0.67 h after administration df-6-0-p-coumaroyl scandoside methyl ester (C). ing the terminal phasd,»), apparent elimination rate constant

Peak 1: TNZ; peak 2p-coumaric acid. (Ke), area under the plasma concentration—time curve from 0
to the last measurable concentration (AdJQ, area under the

The accuracy and precision of the method were evaluateBl2Sma concentration—time curve from 0 to infinity (AbG),

with QC samples at concentrations of 0.02, ,gdmL. The

results are shown iffiable 1The intra-day and inter-day pre- 300
cision of the QC samples were satisfactory with R.S.D.s less £
=)
£ 200f
c
Table 1 S
Precision and accuracy of the HPLC-UV method to determineumaric acid 8
in rat plasma = 15) g e
} v
Concentration{g/mL) Relative Intra-day Inter-day 8
error (% R.S.D. (% R.S.D. (% L L L L L ]
Added  Found ) () 04) % 50 100 150 200 250 300
0.02 0.021 5.0 11.7 9.3 Time (min)
1.0 0.964 -3.6 4.9 4.4 _ , o o
50 511 292 53 38 Fig. 3. Plot of the mean concentrationetoumaric acid as metabolite in the

plasma of ratsi= 6).
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mean residence time (MRT) and clearance (CL), were esti- The absorption and elimination gf~coumaric acid were
mated using non-compartmental analysis of Topfit (version 2.0extremely fast in ratSTinax, 10 min; Ty/2, 15.9 min) after direct
Thomae GmbH, Germany). The pharmacokinetic parametemdministration ofp-coumaric acid[4]. However, p-coumaric
are presented ifiable 2The mean plasma concentration—time acid as a metabolite was absorbed and eliminated more slowly

profile is illustrated inFig. 3. (Trnax 1.2 h;T1y2, 1.3 h) after administration of the prodrug;
6-0-p-coumaroyl scandoside methyl ester, probably due to its
4. Discussion hydrolyzed diffusion in vivo.

The UV spectrum ofp-coumaric acid has two absorp- 5. Conclusion
tion maxima at 233 and 310 nm. However, interferences from
endogenous substances were observed at 233 nm. A detectionThe HPLC-UV method has been used for monitoring and
wavelength of 310 nm proved to be the most suitable since thisvaluating the plasma profiles and pharmacokineticp-of
allowed us to obtain the greatest sensitivity with minimal inter-coumaric acid as metabolite f6-O-p-coumaroyl scandoside
ference. methyl ester in rats after intragastric administratiorEes-O-

The extraction of plasma samples was optimized by the usg-coumaroyl scandoside methyl ester. The assay has proven to
of a protein precipitation step with acetonitrile. Carrying outbe rapid and simple with each sample requiring no more than
protein precipitation of plasma samples was more convenierit5 min analysis time. The analysis method is precise and accu-
and time saving than liquid—liquid extraction and solid-phaserate, and has a within-and between-day precision in the range
extraction, and resulted in the least amount of interference with-3.6 to 5.0% (R.E.) and an accuracy of 89.3-102.9% (R.S.D.)
endogenous compounds, while retaining a high extraction effifor QCs at low, medium and high concentrations. The pharma-
ciency. Other organic solvents, such as methanol and ethgokinetic study of£-6-0-p-coumaroyl scandoside methyl ester
acetate, were also investigated in our preliminary studies buh rats demonstrated that the ester is a perfect prodrug-for
produced endogenous interference and/or variability in recoveoumaric acid. The ester was found to be much more stable than
ery. p-coumaric acid in solutions and a suitable formulation can be

The selection of the internal standard was an arduous anehsily obtained.
hard process. TNZ was finally selected because it had a suitable
retention time and was well resolved from the target analyte iReferences
our mobile phase.

Although electrochemical detection is more sensitive forll L.R. Ferguson, S.T. Zhu, P.J. Harris, Mol. Nutr. Food Res. 49 (2005)
the determination op-coumaric acid in cell45], the actual [2] F. Guglielmi, C. Luceri, L. Giovannelli, P. Dolara, M. Lodovici, Br. J
limit of detection (20 ng/mL in plasma) by UV fulfills all the NUTT. 89 (20'03)' 581 T o T
requirements for pharmacokinetic studies. Compared with thg; 1. wallerath, H. Li, U.G. Ambust, P.M. Schwarz, NitrOxide 12 (2005) 9.
HPLC-EC methodd] without an internal standard, the proposed[4] Y. Konishi, H. Yoshitaka, E. Yoshioka, J. Agric. Food Chem. 52 (2004)
method, which does not require gradient elution and an expen- 2527.

sive, sophisticated electrochemical detector, can be used in malfgy Y- onishi, M. Shimizu, Biosci. Biotechnol. Biochem. 67 (2003) 856.
labs for routine measurements [6] Y. Konishi, M. Shimizu, Biosci. Biotechnol. Biochem. 67 (2003) 2317.
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