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Abstract

A method based on a liquid—liquid extraction procedure followed by high-performance liquid chromatography (HPLC) coupled with
UV-visible detectionis described and validated for the determination of lauroyl-indapamide in rat whole blood. The blood sample was extracted
with diethyl ether after the addition of 10% trifluoroacetic acid (ag.). The chromatographic separation was performed on a Chromasil ODS
column, using methanol-acetonitrile—tetrahydrofuran—0.2% trifluoroacetic acid (170:20:15:38, v/v/v/v) as the mobile phase. The UV detection
wavelength was set at 240 nm. The extraction recovery of lauroyl-indapamide was ranged from 76.5 to 82.6%, and the calibration curve had a
good linearity in the range of 0.048-2(3@/ml (r =0.9976). The method presents appropriate intra-day and inter-days repeatabilities, showing
values below 7.4% in terms of the percentage of relative standard deviation (R.S.D.). The method proposed is simple, rapid and sensitive,
being useful for pharmacokinetic studies in rats.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction develop an accurate assay to quantify it in vivo, so as to know
exactly the characteristics of the substance in biological tests.
Lauroyl-indapamide, 3-(lauroylaminosulfanyl)-4-chloro- Therefore, an analytical method based on high-

N-(2,3-dihydro-2-methyl-1H-indol-1-yl)benzamidEig. 1), performance liquid chromatography (HPLC) to determine
is a new compound derived from indapamide with an in- lauroyl-indapamide in biological fluids is reported here for
creased liposolubility to obtain a longer action and to be suit- the first time. Considering lauroyl-indapamide is preferen-
able for liposomal preparations. It belongs to a well-known tially bound to blood cells like indapamidé,5], we selected
pharmacological active compound series classified as an antitat whole blood as the biological sample. The method devel-
hypertensive agent with diuretic activity, which can signif- oped here was validated with parameters such as precision,
icantly reduce rat blood pressure. A number of analytical linearity, selectivity, detection and quantitation limit, and was
methods have been reported concerning the determination ofalso successfully applied to following the pharmacokinetic
indapamide, the parent drug of lauroyl-indapamide, in dosagebehavior of lauroyl-indapamide in Wistar rats.

form [1,2] or in biological fluids including serum, plasma,

urine and whole bloo@3-11]. However, to the best of our

knowledge, there is.IittIe info.rmation available in t.he Iitera—_ 2. Experiments

tures about lauroyl-indapamide, even less about its assay in

the biological fluids, which made it considered necessary to 2.1. Materials and reagents
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Fig. 1. The chemical structures of (A) lauroyl-indapamide and (B) glycyrrhetinic acid.

matography, and its identity and purity were documented by concentration in the range of 0.096—40§/ml for lauroyl-

the means of HPLC, UV, NMR and IR. Glycyrrhetinic acid indapamide were obtained by a further dilution of the stock
(internal standard, IS, sdéig. 1) was purchased from the  solution with methanol. The internal standard working solu-
National Institute for the Control of Pharmaceutical and Bio- tion (0.05 mg/ml) was prepared by the dilution of the stock in-
logical Products (Beijing, China). Methanol, acetonitrile and ternal standard solution with methanol. Quality control (QC)
tetrahydrofuran were of HPLC grade and purchased from working solutions were prepared at the concentrations of 1.0,
Concord Technology Company (Tianjin, China), and other 10 and 10Qug/ml with the same way as that of the standard
chemicals used were of analytical grade. Distilled water pre- working solutions. All the solutions were stored &Cland
pared from demineralized water was used throughout the brought to room temperature before use.

study. Wistar rats were purchased from the Experimental An-

imal Center of Shenyang Pharmaceutical University. 2.5. Sample preparation

2.2. Instrumentations To a 200u! aliquot of rat whole blood, 50l of the in-
ternal standard working solution (0.05 mg/ml) andp3@f
The chromatographic system consisted of a Waters Model 10% trichloroacetic acid were added. The mixture was ex-
510 pump (Waters Corporation, USA) and an SPD-10A tracted with 1 ml of diethyl ether by vortex for 5min, and
UV-vis detector (Shimadzu, Japan). The signals from the de-then centrifuged at 3009 g for 10 min in a microcentrifuge.
tector were collected and analyzed with a computer equippedThe upper organic phase was transferred to another tube and
with N2000 Chromatography Data System (Zhejiang Univer- evaporated to dryness at 40 under a gentle stream of nitro-

sity, Zhejiang, China). gen. The residue was reconstituted in i0thethanol (HPLC
grade), and mixed by vortex for 30 s, aj20aliquot of the

2.3. Chromatographic condition solution was injected directly into the HPLC system for anal-
ysis.

Chromatographic separation was achieved on a Chro-
masil ODS column (250 mm 4.6 mm, 5um) (Elete, Dalian, 2.6. Validation of the analytical method
China) with a SecurityGuard column (10 mod.6 mm,
5um) filled with the same materials. The temperature 2.6.1. Linear range
was maintained at ambient temperature. The mobile phase Calibration curve data were generated by spiking a series
was consisted of methanol-acetonitrile—tetrahydrogen—0.2%of 200! drug-free whole blood with 50l of a standard
trifluoroacetic acid (170:20:15:38; v/vivlv), filtered with working solution (1.0, 10 and 1Q0g/ml) and 5Qul of the
0.45um cellulosic Millipore membrane (Xinya, Shanghai, internal standard working solution, the following extraction
China) and degassed by ultrasonic before use, and deliveregrrocedure and HPLC analysis were performed on the samples
at an isocratic flow rate of 0.8 ml/min. The detection wave- as described above. The calibration curve was constructed

length was set at 240 nm, the injection volume wag.R0 by plotting the peak area ratios of the analyte to the internal
standard againstthe concentrations of the analyte in the whole

2.4. Preparation of standard and quality control blood and analyzed by linear regression analysis.

solutions

2.6.2. Precision and intra-day and inter-days
The stock solutions of lauroyl-indapamide (0.8 mg/ml) repeatabilities
and glycyrrhetinic acid (0.5mg/ml) were prepared with The precision was determined by analyzing the extracted
methanol. A series of standard working solutions with the quality control samples of different concentrations more than
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five times under the above HPLC conditions, and the close- dard at the concentration of 2%/ml were determined in the
ness of the results at each concentration was evaluated asame way.
relative standard deviation (R.S.D.).

The intra-day repeatability was determined by analyzing 2.6.5. Stability
three parallels of each quality control sample at the concen- The freeze—thaw stability was evaluated by analyzing the
trations of 0.5, 5 and 5@g/ml at different time of the same  QC samples at the concentrations of 0.5, 5 ang.dtnl
day, and the inter-days repeatability was determined by an-after undergoing three freeze-20°C)—thaw (ambient) cy-
alyzing three parallels of each quality control sample at the cles. The stability of lauroyl-indapamide in rat whole blood
concentrations of 0.5, 5 and p@/ml on 3 consequent days. was assessed by placing the QC samples at room temper-
Both the intra-day and inter-days repeatabilities were also ature for a fixed period of time before being extracted and

evaluated in terms of R.S.D. analyzed. The stability of lauroyl-indapamide in the recon-
stituted methanol solutions was determined by keeping the
2.6.3. Limits of detection and quantitation reconstituted methanol solutions of the QC samples at room

The limit of detection (LOD) is the lowest concentration temperature for a fixed time before analysis.
of the analyte in a sample that can be detected, equa, to 3
where ‘s”is the sample standard deviation of 10 independent 2.7. Pharmacokinetic study
sample blanks fortified at lowest acceptable concentrations,
measured once each. According to this rule, LOD was exam-  The study was conducted in accordance with the Ethical
ined. Guidelines for Investigations in Laboratory Animals and was
The limit of quantitation (LOQ) is the lowest con- approved by the Ethics Review Committee for Animal Ex-
centration of the analyte that can be quantitatively de- perimentation of Shenyang Pharmaceutical University. Wis-
termined with a defined precision and accuracy under atar rats were used after being raised for 1 week, before the
given experimental condition, which is often equal t5,10 day of administration, five rats were fasted overnight but
where ‘5’ is the standard deviation of the analyte value at were allowed access to water ad libitum, liposomal lauroyl-
each concentration. The precision of LOQ was evaluated indapamide at concentration of 2.93 mg/ml was adminis-

experimentally. trated via the tail vein. Blood samples were collected with
dried heparinized tubes at 5, 15, 30, 45, 60, 90, 120, 150
2.6.4. Extraction recovery and 180 min after intravenous administration respectively, as
The extraction recovery at each concentration can be val-soon as possible, 0.2 ml of the whole blood was transferred
ued by the following equation: accurately to another tube which was then frozer20°C

Ci_C and stored until analysis.
Recovery (%)= % X
3

100

2.8. Pharmacokinetic data analysis
whereC; is the concentration of spiked sampf@; is the
concentration of unspiked samp(@; is the concentration of Pharmacokinetic modeling and parameter calculations
spiking. In order to calculate out the recovety, C; andCs were carried out with the pharmacokinetic software Pharma-
had to be determined first. To determine them, nine aliquots cokinetics Version 1.1, one compartment model of injection
of 0.2 ml of the rat blank whole blood samples were used, was selected.
three were spiked with 0.05 ml of the working standard solu-
tion (1.0pg/ml), three were spiked with 0.05 ml of methanol,
three were unspiked, the following extraction and reconsti- 3. Results and discussion
tution procedures were performed exactly the same as that
of the sample preparation for all of them, except that in the 3.1. Optimization of HPLC condition and selection of
reconstitution procedure of the unspiked samples, 0.05 mlinternal standard
of the working standard solution (1@/ml) and 0.05 ml of
methanol were added into each of the tubes, the following  To optimize the chromatographic conditions, the pH and
mixing procedure and HPLC analysis were exactly the same organic modifiers of the mobile phase were explored, the mo-
as described for the samples for all of them. The peak ar- bile phase exceeding pH 2.5 would yield tailing peaks or even
eas were recorded for the analytes. The concentratdns (  double peaks, when pH fell to around pH 2, the peaks became
C, and C3) were calculated against the calibration curve sharper and more symmetric. We deduced the reason might
generated from a series of standard working solutions atbe that lauroyl-indapamide is a weak aci&gz 3.87), so it
suitable concentrations. The extraction recovery of lauroyl- is very important to suppress its ionization by keeping the
indapamide at the concentration of .&/ml was calculated  pH out of the range of I, £+ 1.5 to eliminate the influence
out by substituting the values 6f, C; andCs into the above of pH on the peak shape obtained, thus we selected the tri-
equation. The recoveries of lauroyl-indapamide at the other fluoroacetic acid as acid modifier. Tetrahydrofuran and ace-
two concentrations (5 and p®/ml) and the internal stan- tonitrile in the mobile phase were acting as the organic modi-
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fiers. A mobile phase comprising a mixture of methanol, ace- als that might interfere with the peaks of lauroyl-indapamide
tonitrile, tetrahydrofuran and 0.2% trifluoroacetic acid pro- and the internal standard. Although ethyl acetate and ace-
vided a more efficient HPLC and little endogenous interfer- tone obtained much higher extraction efficiencies (more than
ence with the objective peaks. The selection of the internal 90%), the interference was also great. Dichloromethane gave
standard was an arduous and hard process, we have tried nia somewhat cleaner chromatogram, but the extraction effi-
trendipin, nifedipine, nicardipine, nimodipine, indometacin, ciency was relative lower (about 30%). Although the mixture
glycyrrhizic acid and deoxyschisandrin, but all failed partly of diethyl ether/ethyl acetate (1:1) or diethyl ether/acetone
duetotheir shortretentiontime and being interfered by the en- (1:1) obtained a little higher extraction efficiency than did
dogenous materials. Glycyrrhetinic acid was finally selected with diethyl ether alone, it still suffered from a heavy inter-
because it had a suitable retention time and a good resolutiorference and much longer evaporation time. After carefully
from the objective analyte in our mobile phase. considering the alternatives, we selected diethyl ether as the
extraction agent.

3.2. About the sample preparation
3.3. Method validation

The clean-up procedure for the biological matrix analy- o
sis is a very important prerequisite, especially in the case 3-3:1. Specificity .
of highly apolar components in biological fluids. In or- The resultmg chromatograms were essentlally free from
der to clean up the rat whole blood, a simple but effective €ndogenous interferencérig. 2), the retention time of
liquid—liquid extraction method was used. In order to precip- '@uroyl-indapamide and internal standard were 14.59 and
itate proteins in the ratwhole blood and to suppress the ioniza- 13-27 min, respectively, and the peak shape and the resolution
tion of lauroyl-indapamide, we selected 10% trichloroacetic Petween lauroyl-indapamide and the internal standard were
acid to acidify the ratwhole blood and to denature the proteins Satisfactory and suitable.
in it, which also helped to release the bound organic compo-
nents from them and improved the extraction efficiencies of 3.3.2. Linearity of the calibration curves and limits of
the analyte and the internal standard. To select a good organialetection and quantitation
solvent as the extract agent, a number of solvents have been The linearity of the calibration curve was determined
tried including ethyl acetate, dichloromethane, acetone, di- by plotting the ratios of drug/internal standard peak
ethyl ether or their mixtures, the only aim was to get a best area against the drug concentrations. The equation was
extraction recovery and to remove the endogenous materi-Y=0.016%+0.000507 with correlation coefficient)(and
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Fig. 2. Typical chromatograms of (A) blank whole blood; (B) the blank whole blood sample spiked witlg/nllauroyl-indapamide (0.0%g/ml); (C) the
blank whole blood sample spiked with 1Q@/ml lauroyl-indapamide (5@g/ml); (D) the whole blood sample obtained from a subject (4ia&Ml) 45 min
after a single injection of the liposomal lauroyl-indapamide (11.72 mg/kg). Peak I, internal standard; peak Il, lauroyl-indapamide.
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Table 1 Table 4
Precision of the method Extraction recoveries of lauroyl-indapamide and IS
Concentration  Concentration found  Recovery (%) R.S.D. (%) Drug Concentration  Extraction R.S.D. (%)
added (g/ml) (rg/ml) recovery
(rg/ml) (meantS.D.) (%)

0.5 05+ 1.2x10°2 100 24 0.5 826 37

5.0 5.0+ 1.1x 107! 1002 22 Lauroyl-indapamide 5 765 1.2
50 51.3+ 1.0 1025 18 50 793 1.8
n=5. Internal standard 25 27 16
Table 2 n=3.
Intra-day repeatability of lauroyl-indapamide in the analysis of the rat whole 200
blood 180
Concentration Concentration found R.S.D. (%) ~ 160 F
added (g/ml) £ 140
(ng/ml) (meant S.D.) 2 10t

0.5 0.5+ 1.8x 1072 36 g oo

5 5.1+ 6.9x 1072 14 E 8F
50 499+ 1.1 22 § 60 F
n=3. g 4f

o]
20
determination coefficient{) of the calibration curve being 0 " ,}'0 l('m n i
0.9976 and 0.9952, respectively, the calibration curve showed ’ Time fnic ’ i
me (min

an excellent linearity in the range of 0.048-209/ml. The
LOQ was 0.048.g/ml with 98-103% recovery and rela-
tive standard deviation (R.S.D.) of 4.2%. The LOD was
0.012u.g/ml with signal-to-standard deviatios) (more than
3:1.

3.3.3. Precision and intra-day and inter-days
repeatabilities

The precision of the method expressed as R.S.D. is showe
in Table 1 The precision of the assay was also assessed in
terms of the intra-day and inter-days repeatabilities at differ-
ent concentrations. The intra-day repeatability of the assay
is presented ifable 2and the inter-days repeatability on 3
consequent days is presentedable 3 All the R.S.D. of the
intra-day and inter-days repeatabilities were less than 7.4%.

3.3.4. Extraction recovery

The extraction recoveries of lauroyl-indapamide and IS in
the whole blood are presentedTable 4 all the recoveries
were found to be more than 76.5%.

Fig. 3. Mean blood concentration-time profile of lauroyl-indapamide
after intravenous administration of the liposomal lauroyl-indapamide
(11.72 mg/kg) in the five rats.

ranged from 90 to 103%. The stability of the analyte in
the whole blood and the reconstituted methanol at room
temperature has also been investigated, lauroyl-indapamide

(fvas shown to be stable in the rat whole blood for at

east 3h (R.S.D.<3.8 %), and stable in the reconstituted
methanol solution at room temperature for more than 24 h
(R.S.D.<7.1%).

3.4. Application of the analytical method in
pharmacokinetic studies

Mean whole blood concentration-time profile of lauroyl-
indapamide obtained after intravenous administration of
11.72 mg/kg in the rats is presentedrigy. 3 and the phar-
macokinetic parameters obtained are shownTable 5

from which we can see that the concentration of lauroyl-

3.3.5. Analyte stability

indapamide in blood decreased monotonically and rapidly

The analyte was found to be stable after three freeze—thaw.
cycles in blood. The recoveries of the QC samples were

after a single administration of the liposomal lauroyl-
indapamide (11.72 mg/kg), and the concentration can be mea-
surable until after 180 min with the above HPLC method.
These results indicate that lauroyl-indapamide is extensively

Table 3
Inter-days repeatability of lauroyl-indapamide in the analysis of the rat whole Table 5
blood _ _ Pharmacokinetic parameters obtained after intravenous administration of the
Concentration Concentration found R.S.D. (%) liposomal lauroyl-indapamide (11.72 mg/kg) in the rats (mean value of the
added (rg/ml) five rats)
/ml ntS.D.

(mg/ml) (mea ) Tz Ke Co cl vd  AUCoe

0.5 0.5+ 3.7x 1072 7.4 (min) (min—1) (pg/ml) (ml/min) (ml) (g min/ml)

5 504 2.3x 107! 4.6

49.8+ 0. 2

50 9.8+ 0.6 - 71.798  0.0089 44.64 0.5842 65.64 5015.73

n=3.
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