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Abstract

A reversed-phase HPLC method was developed for quantitative analysis of malagashanine in rat plasma and urine.
Malagashanine and internal standard were extracted from alkalinized rat plasma. Urine analysis was performed by direct
injection onto the HPLC system. Acetonitrile–aqueous 25 mM sodium acetate solution at pH 6.25 (45:55, v /v) was used as
the mobile phase. The eluate was monitored by using UV detection at 250 nm. The assay was linear within the concentration
range of 10–1000 ng/ml. Both intra- and inter-day accuracy and precision were within acceptable limits. The method was
applied to study the pharmacokinetics of malagashanine in rats.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction falciparum [3]. Preliminary pharmacological and
toxicological investigations have already been car-

Malagashanine and strychnobrasiline (Fig. 1) are ried out and encouraging results were obtained with
two alkaloids isolated from the stem bark of a decoction of Strychnos myrtoides in an open
Madagascan Strychnos species traditionally used as clinical trial on malaria patients in Madagascar [4].
chloroquine adjuvants in the treatment of chronic Investigation of the pharmacokinetic characteristics
malaria [1,2]. These compounds are devoid of intrin- of malagashanine, one of the major active molecules
sic antiplasmodial activity but display a marked in present in the stem bark of Strychnos myrtoides, is
vitro and in vivo chloroquine-potentiating action extremely important for the further development of
against chloroquine-resistant strains of Plasmodium this promising chloroquine adjuvant.

The objective of this work, therefore, was to
develop a sensitive and specific high-performance*Corresponding author. Tel.: 132-2-7647-353; fax: 132-2-
liquid chromatography (HPLC) assay to quantify7647-350.

E-mail address: verbeeck@pmnt.ucl.ac.be (R.K. Verbeeck) malagashanine in plasma and urine of rats and to
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2.2. Chromatography

The HPLC system consisted of a 7125 Rheodyne
injector with a 100-ml loop (Cotati, CA, USA), a
Kontron 420-Model pump and a Kontron 433-Model
UV detector (Milan, Italy). Chromatograms were
processed by a PC Integration Pack (Kontron) data
system. Chromatographic separations were per-
formed on a LiChroCart /LiChrospher 60 RP8-select
B column (25034 mm I.D., 5 mm particle size,
Merck). A guard column was used (MOS 5 mm,
Hypersil-Shandon, Cheshire, UK) to prevent obstruc-
tion by minute particles. A prefiltered and degassed
mobile phase consisting of 25 mM aqueous sodium
acetate solution (adjusted to pH 6.25 with concen-

Fig. 1. Chemical structures of malagashanine and internal stan- trated acetic acid)–acetonitrile (55:45, v /v) was
dards (strychnobrasiline and codeine). delivered to the column at a flow-rate of 1 ml /min

and the eluate was monitored at 250 nm.

show its applicability to pharmacokinetic studies in 2.3. Preparation of analytical standards
the rat.

Working solutions of malagashanine (in distilled
water) were prepared from the stock solution. Plasma
and urine standards were freshly prepared by trans-

2. Experimental ferring a small aliquot of the aqueous working
solution of malagashanine to a clean tube and by

2.1. Reagents and chemicals adding blank rat plasma or urine. The following
series of malagashanine standards in plasma and

Malagashanine and strychnobrasiline (Fig. 1) were urine were thus prepared: 10, 25, 50, 100, 250, 500
extracted from stem bark of Strychnos myrtoides and 1000 ng/ml and 50, 100, 250, 500, 750 and
Gilg & Busse (Loganiaceae) as described previously. 1000 ng/ml, respectively.
Codeine was purchased from Certa (S.A. Medeva
Pharma, Braine-l’Alleud, Belgium). Acetonitrile and 2.4. Sample preparation
diethyl ether were of HPLC grade; acetic acid,
sodium acetate were of analytical grade (Merck, After transferring a 100-ml aliquot of plasma
Darmstadt, Germany). Water was daily obtained standard or plasma sample (obtained after i.v. bolus
from a Milli-Q water purification system (Millipore, injection of malagashanine to rats) to a screw-capped
Molsheim, France). A 1-mg amount of glass tube, the following were added: internal stan-
malagashanine or strychnobrasiline powder was dis- dard working solution (50 ml of strychnobrasiline or
solved in 20 ml of 2% acetic acid and the volume of 100 ml of codeine), 150 ml of a 4 M NaOH solution
stock solution was adjusted to 100 ml with water (10 and 1 ml of organic solvent (diethyl ether when
mg/ml). A stock solution of codeine (100 mg/ml) strychnobrasiline was used as internal standard or
was prepared by dissolving 1 mg in methanol–water cyclohexane in the case of codeine). Tubes were
(1:9, v /v). Stock solutions were stored at 148C. vortex-mixed (1 min) and subsequently centrifuged
Under these conditions, they were stable for at least at 4000 g for 10 min at 48C. The supernatant was
3 months. Working solutions of 1 mg/ml of internal transferred to a clean tube and evaporated to dryness
standard (strychnobrasiline or codeine) were pre- under a stream of nitrogen at 408C. The residue was
pared in water. dissolved in 110 ml of the mobile phase and 100 ml
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was injected into the HPLC system. Urine standards macokinetic experiment they were fasted but had
and diluted urine samples, collected following i.v. free access to water.
bolus injection of malagashanine to rats, were cen- Each rat received an intravenous (i.v.) bolus dose
trifuged before injection (100 ml) into the HPLC of malagashanine (5 mg/kg) dissolved in isotonic
system. saline through one of the jugular cannulae. Blood

samples (200 ml) were drawn through the other
2.5. Assay validation jugular cannula just prior to (blank) and at 5, 10, 20,

30, 45, 60, 90 and 120 min following malagashanine
Calibration curves in the range of 10 to 1000 administration. Blood samples were centrifuged and

ng/ml plasma or 50 to 1000 ng/ml urine were the plasma samples were immediately analyzed.
constructed based on the peak area ratio of Urine was collected before (blank) and from 0–2,
malagashanine to internal standard. Least-squares 2–10 and 10–24 h following drug administration and
linear regression analysis was used to determine the stored at 2208C until analysis.
slope, intercept and correlation coefficient. Inter-day
accuracy and precision of the analytical method were 2.6.2. Pharmacokinetic analysis
determined based on the results of calibration curves Pharmacokinetic parameters were calculated by
run on several different days. Intra-day precision and using a non-compartmental approach [5,6]. The
accuracy were determined based on five replicate terminal plasma half-life of malagashanine (t )1 / 2z

extractions carried out on aliquots of plasma (10, 100 was determined from the slope of the terminal linear
and 1000 ng/ml) and urine standards (100, 500 and portion of the log malagashanine plasma concen-
1000 ng/ml) analyzed the same day. Recoveries of tration–time profiles. Plasma clearance (CL) and
malagashanine and internal standard were measured distribution volume (Vss) were calculated as dose /i.v.

2by comparing the chromatographic peak areas of AUC and dose ?(AUMC)/(AUC) , respectively,i.v.

plasma standards following extraction to those ob- where AUC represents the area under the
tained from direct injection of solutions of both malagashanine plasma concentration–time curve
compounds in the mobile phase. Recoveries, after from 0 to ` and AUMC is the area under the first
plasma extraction, were determined at concentrations moment curve from 0 to `. The mean residence time
of 10, 100 and 1000 ng/ml for malagashanine, at (MRT) of malagashanine was calculated as the ratio
500 ng/ml for strychnobrasiline (n53) and 1000 of AUMC to AUC. The fraction excreted unchanged
ng/ml for codeine (n55). (fe) was calculated by dividing the total amount of

malagashanine recovered in urine by the i.v. ad-
2.6. Pharmacokinetic study ministered dose.

2.6.1. Animals
Pathogen-free male Wistar rats were purchased 3. Results

from Iffa Credo (l’Arbresle, France). Rats were
housed in plastic cages on corn-cob bedding in a HPLC chromatograms of rat plasma and urine
temperature controlled room (20628C) with a 12 h samples are shown in Fig. 2. Plasma extracts and
light /dark cycle, and had free access to food (A03, diluted urine did not show interfering peaks from
UAR, France) and water for 1 week before the start endogenous substances. Retention times for
of the study. Rats weighing 250610 g were anes- strychnobrasiline and malagashanine were approxi-
thetized with a mixture of 4 mg/kg droperidol and mately 6.5 and 9.5 min, respectively. Recoveries of
0.08 mg/kg fentanyl (Thalamonal, Janssen, Beerse, malagashanine from rat plasma were 95.860.8,
Belgium) injected subcutaneously and both jugular 92.663.2 and 88.267.5% (mean6SD, n53) at 10,
veins were cannulated. After surgery, rats were 25 and 1000 ng/ml, respectively. The extraction
placed individually in metabolic cages and were recovery of strychnobrasiline, determined at 500 ng/
allowed all night to recover from anesthesia. During ml (the concentration at which it was added to the
that period and throughout the entire phar- plasma samples as internal standard), was
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Fig. 2. Chromatograms of (A) blank rat plasma and (B) rat plasma spiked with strychnobrasiline obtained from blood withdrawn 30 min
following i.v. injection of 5 mg/kg malagashanine, (C) blank rat plasma and (D) rat plasma spiked with codeine, malagashanine and the
unidentified metabolite, (E) pre-dose urine and (F) urine sample collected from 0 to 2 h following i.v. injection of 5 mg/kg malagashanine
(15malagashanine, 25strychnobrasiline, 35codeine, M5unidentified metabolite).
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Table 1
aPrecision and accuracy of the HPLC assay for malagashanine in rat plasma using strychnobrasiline as internal standard

Standard plasma concentration Calculated plasma concentration (ng/ml) CV RSD
(ng/ml) (mean6SD) (%) (%)

Inter-day (n56) 10 11.560.6 5.3 115
25 26.461.6 5.9 15.6
50 53.361.8 3.4 16.6

100 97.863.1 3.2 22.2
250 266.367.9 3.0 16.5
500 464.2618.1 3.9 27.2

1000 1013.9641.5 4.1 11.4

Intra-day (n55) 10 8.760.2 2.4 213.6
100 109.868.7 7.9 19.8

1000 1040.6628.2 2.7 14.1
a SD5Standard deviation; CV5coefficient of variation; RSD5relative standard deviation [(found2nominal) /nominal].

90.867.0% (mean6SD, n53). Calibration curves for Initially, strychnobrasiline, an alkaloid related to
malagashanine were linear within the studied range, malagashanine was used as internal standard. How-
i.e., 10–1000 ng/ml. The coefficient of variation of ever, because of the restricted commercial availabili-
the slopes of calibration curves (n55) was 6.9%. ty of this compound, codeine was subsequently
Intercepts were close to zero. The intra- and inter- selected as an appropriate internal standard. When
day precisions of the malagashanine assay in plasma codeine was used as internal standard, diethyl ether
were acceptable as indicated by the coefficients of was replaced by cyclohexane as extraction solvent
variation, which were always smaller than 10% and the pH of the mobile phase was adjusted to 4.5
(Table 1). In addition, the intra- and inter-day instead of 6.25. Under these conditions, retention
accuracies of the plasma assay were always within times of codeine and malagashanine were 3.5 and 5.4
10% of the nominal value, except for the smallest min, respectively. Calibration curves were linear
standard (i.e., 10 ng/ml) for which relative errors of from 25 and 1000 ng/ml and correlation coefficients
115% (inter-day) and 213.6% (intra-day) were were higher than 0.999. The results of the validation
found (Table 1). For the quantification of of the HPLC assay for malagashanine in plasma
malagashanine in urine, sample preparation was using codeine as internal standard are summarized in
extremely simple and the precision and accuracy Table 3. Recoveries of malagashanine from rat
parameters were good (Table 2). plasma were 93.565.5, and 94.862.1% (mean6SD,

Table 2
aPrecision and accuracy of the HPLC assay for malagashanine in rat urine

Standard urine concentration Calculated urine concentration (ng/ml) CV RSD
(ng/ml) (mean6SD) (%) (%)

Inter-day (n56) 50 56.264.9 14.2 112.3
100 102.268.4 8.2 12.2
250 240.967.4 3.1 23.6
500 499.3611.6 2.3 20.1
750 741.2623.9 3.2 21.2

1000 1008.7630.1 2.9 20.9

Intra-day (n56) 100 90.469.8 10.8 29.6
500 496.266.2 1.2 20.7

1000 988.166.3 0.6 21.2
a SD5Standard deviation; CV5coefficient of variation; RSD5relative standard deviation [(found2nominal) /nominal].
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Table 3
aPrecision and accuracy of the HPLC assay for malagashanine in rat plasma using codeine as internal standard

Standard plasma concentration Calculated plasma concentration (ng/ml) CV RSD
(ng/ml) (mean6SD) (%) (%)

Inter-day (n56) 25 22.163.6 16.4 211.2
50 46.463.8 8.3 27.1

100 103.6610.8 10.4 13.6
250 231.8624.9 10.7 27.2
500 510.0634.5 6.7 12.0

1000 993.6621.4 2.1 20.6

Intra-day (n53) 25 21.861.8 8.4 212.5
50 44.463. 6 8.1 211.0

100 97.769.1 9.3 22.2
250 260.5616.6 6.3 14.2
500 487.4642.6 8.7 22.5

1000 1077.8677.5 7.1 17.7
a SD5Standard deviation; CV5coefficient of variation; RSD5relative standard deviation [(found2nominal) /nominal].

n55) at 100 and 1000 ng/ml, respectively. The 2 h following i.v. administration, malagashanine
extraction recovery of codeine, determined at 1000 plasma concentrations approached the limit of
ng/ml (the concentration at which it was added to quantification. The most important pharmacokinetic
the plasma samples as internal standard), was parameters of malagashanine were calculated and the
73.865.0% (mean6SD, n55). mean values are summarized in Table 4.

The HPLC method, using strychnobrasiline as
internal standard, was used to carry out some pre-
liminary studies on the pharmacokinetics of 4. Discussion
malagashanine in rats. Fig. 3 shows a semi-logarith-
mic of malagashanine plasma concentration–time Malagashanine is an interesting natural compound
profile following i.v. bolus administration of this isolated from Strychnos myrtoides with a proven in
compound (5 mg/kg) to a rat. The malagashanine vitro and in vivo chloroquine-potentiating action
plasma concentrations declined biphasically as a against chloroquine-resistant strains of Plasmodium
function of time after administration. Approximately falciparum [1,2]. Its resistance-reversing activity was

discovered as a scientific follow-up of the traditional
use of three Malagasy Strychnos species in the
treatment of chronic malaria. It is therefore very
important for the further development of this promis-
ing chloroquine adjuvant to study its phar-
macokinetic behavior.

Table 4
Mean (6SD) pharmacokinetic parameters of malagashanine fol-

alowing i.v. bolus injection of 5 mg/kg to four rats

Parameter Mean6SD

CL (ml /min) 13.761.1
Vss (l) 0.5860.02
t (h) 0.4960.021 / 2z

MRT (h) 0.2960.02
Fig. 3. Semi-logarithmic malagashanine plasma concentration–

fe3100 (% of i.v. dose) 1.660.27
time profile following i.v. bolus administration of 5 mg/kg

amalagashanine to a rat. SD5Standard deviation.
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The chromatographic conditions used to quantify observed in the plasma samples of rats that had
malagashanine in rat plasma and urine are based on a received malagashanine (method with strychnob-

´ ´modification of the method developed by Frederich rasiline as internal standard). This peak was also
et al. [7] to determine a number of usambarane found in urine of rats treated with malagashanine.
alkaloids present in the roots of Strychnos usam- Since this peak was never found in blank samples, it
barensis. The proposed method is relatively simple most likely represents a major metabolite of
and a large number of samples can be processed in 1 malagashanine. For further pharmacokinetic studies
day. The influence of the chromatographic parame- of malagashanine, it is important to identify this
ters on the retention time was investigated by metabolite.
varying the pH of buffer solution and the proportion
of acetonitrile in the mobile phase. The chromato-
graphic conditions selected with strychnobrasiline as Acknowledgements
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