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Measurement and pharmacokinetics of vincamine in rat blood
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Abstract

Vincamine is an alkaloid compound derived from theVincaminorplant. Since little is known concerning its pharmacokinetics and appropriate
analytical method, this study focuses on its pharmacokinetics as well the possible roles of the multidrug transporter P-glycoprotein on its
distribution and disposition. We develop a rapid and sensitive method using a microdialysis coupled with liquid chromatography for the
concurrent determination of unbound vincamine in rat blood and brain. Microdialysis probes were simultaneously inserted into the jugular
vein toward heart and brain hippocampus of male Sprague–Dawley rats for sampling in biological fluids following the administration of
v lamine (pH
7 rived using
c id exchange
a d vincamine
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incamine (10 and 30 mg/kg) through the femoral vein. Samples were eluted with a mobile phase containing methanol–1% diethy
.15) in water (75:25, v/v) and the flow rate of the mobile phase was 0.7 ml/min. Pharmacokinetic parameters of vincamine were de
ompartmental model. The decline of protein-unbound vincamine in the hippocampus and blood suggested that there was rap
nd equilibration between the peripheral compartment and the central nervous system. In the presence of cyclosporine, unboun

evels in both blood and brain were significantly increased.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Vincamine (Fig. 1; 14,15-dihydro-14hydroxyeburname-
ine-14-carboxylic acid methyl ester) is an alkaloid com-
ound derived from theVinca minorplant. which has been
sed for the prevention or the therapy for cerebrovascular in-
ufficiencies and disorders. The elimination half-life is ap-
roximately 2 h after vincamine oral administration. Vin-
amine is mainly metabolized in the liver and excreted by the
idneys and it may also go through cerebral metabolism[1].
ollowing intraperitoneal injection, vincamine or its metabo-

ites have been verified with the autoradiographic method to
enetrate the blood–brain barrier (BBB)[2].

Methods for the determination of vincamine in blood or
lasma have been reported using thin-layer chromatography

3], mass spectrometry[4], voltammetric detection[5], gas

∗ Corresponding author. Tel.: +886 2 2820 1999x8091;
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chromatography[6,7], liquid chromatography[5,8,9] and
separation of its enantiomers[10].

In the pharmacokinetic profile of vincamine, the co
pound is about 64% bound to plasma proteins, and 6% b
to erythrocytes[11]. To date, no assay method has been
ported for the sampling and measurement of protein-unb
vincamine in biological fluids. To determine the pharm
cokinetics of the protein-unbound form of an analyte in
body, we employed in vivo microdialysis techniques to
tain the protein-free analyte from simultaneously derive
blood and brain samples[12,13]. Microdialysis samplin
techniques were originally developed to allow in vivo s
pling of neurotransmitters released in the brain[14,15], and
techniques have subsequently been extended to enco
pharmacological and pharmacokinetic studies[12,13].

The aim of this study is to investigate the disposi
of unbound vincamine and its distribution into the brain
rapid and sensitive liquid chromatographic system coupl
microdialysis is demonstrated for the determination
protein-unbound vincamine in rat blood and brain.

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of vincamine.

addition, further exploration of the mechanism for BBB pen-
etration is also observed by comparing the pharmacokinet-
ics of vincamine both with and without cyclosporine, a P-
glycoprotein inhibitor.

2. Experimental

2.1. Chemicals and reagents

Vincamine and cyclosporine (sandimmun) were pur-
chased from Sigma (St. Louis, MO, USA) and Novartis
Pharma (Basle, Switzerland), respectively. Liquid chromato-
graphic grade solvents and reagents were obtained from E.
Merck (Darmstadt, Germany). Triple deionized water (Mil-
lipore, Bedford, MA, USA) was used for all preparations.

2.2. Animals

All experimental protocols involving animals were
reviewed and approved by the institutional animal
experimentation committee of the National Research
Institute of Chinese Medicine. Male specific pathogen-free
Sprague–Dawley rats were obtained from the Laboratory
Animal Center of the National Yang-Ming University,
Taipei. Animals had free access to food (Laboratory rodent
d ater
u od
w with
u d
r eriod.
T tra-
t was
m

2

ato-
g an
o ped
w an,
W sis.
A dule

coupled to 2696 detector; Waters Millipore, Milford, MA,
USA) was applied to detect the maxima absorption wave-
length of vincamine. Separation and quantification of vin-
camine in the blood and brain dialysates were achieved using
a reversed phase Merck LiChroCart C18 endcapped column
(250 mm× 4.6 mm I.D.; particle size 5�m, Darmstadt, Ger-
many) maintained at ambient temperature. Dialysis samples
were eluted with a mobile phase containing 1% diethylamine
in water (pH 7.15)–methanol (25:75, v/v), and the flow rate
of the mobile phase was 0.7 ml/min. The UV detector wave-
length was set at 220 nm. This mobile phase was filtered
with a 0.45�m Millipore membrane prior to being used for
elution. The output signal from the HPLC-UV detector was
recorded using an EZChrom chromatographic data system
(Scientific Software, San Ramon, CA, USA).

2.4. Microdialysis experiment

Blood and brain microdialysis systems consisted of a
CMA/100 microinjection pump (CMA, Stockholm, Sweden)
and the appropriate microdialysis probes[12]. The dialysis
probes for blood (10 mm in length) and brain (3 mm in length)
were made of silica glass capillary tubing arranged in a con-
centric design[16,17]. Their tips were covered by dialysis
membrane (150�m outer diameter with a nominal molecu-
lar weight cut-off of 13 000, Spectrum Co, Laguna Hills, CA,
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iet No. #5P14, PMI Feeds, Richmond, IN, USA) and w
ntil 18 h prior to experimentation, at which time only fo
as removed. The rats were initially anaesthetized
rethane 1 g/ml and�-chloralose 0.1 g/ml (1 ml/kg, i.p.), an
emained anaesthetized throughout the experimental p
he femoral vein was exposed for further drug adminis

ion. During the experiment, the rat body temperature
aintained at 37◦C using a heating pad.

.3. Chromatography

The chromatographic system consisted of a chrom
raphic pump (BAS PM-80, West Lafayette, IN, USA),
n-line injector (CMA/160, Stockholm, Sweden) equip
ith a 20�l sample loop and an ultraviolet detector (Vari
alnut Creek, CA, USA) for biological sample analy
Waters photodiode array detection (Waters 2695 mo
SA) and all unions were cemented with epoxy. To allow a
uate time for the epoxy to dry, the probes were made at
4 h prior to use. The blood microdialysis probe was p

ioned within the jugular vein in the direction of right atriu
nd then perfused with anticoagulant citrate dextrose (A
olution (citric acid 3.5 mM; sodium citrate 7.5 mM; dextro
3.6 mM) at a flow rate of 2�l/min using the CMA microin

ection pump. For brain microdialysis, the rat was moun
n a stereotaxic frame and perfused with Ringer’s solu
147 mM Na+; 2.2 mM Ca2+; 4 mM K+; pH 7.0). After being
ashed with Ringer’s solution at a flow-rate of 2�l/min, the
icrodialysis probe was implanted in the right hippocam

coordinates: 5.6 mm posterior to bregma, 5.0 mm later
idline and 7.0 mm lower to tip) according to the Paxinos
atson atlas[18]. The positions of the probes were verifi

y standard histological procedure at the end of experim
his method has been previously reported.

.5. Drug administration

After a 2 h post-implantation period, an intravenous d
f drug was administered via the femoral vein. A v
amine dose of 10 or 30 mg/kg (n= 6) was administered in
ravenously to control group rats. The warm normal sa
nd 1 M citric acid (80:20, v/v, pH 3.5) was used as

ection solvent. For the cyclosporine treated group (n= 6),
yclosporine, 10 mg/kg, was injected via femoral vein 10
rior to vincamine. The injectable concentration of
losporine (10 mg/ml) was produced by 5% dextrose/w
olution. The total volume of each injection was 1 ml/
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The blood was connected to an on-line injector (CMA/160)
for direct assay. The brain dialysate was connected a frac-
tion collector (CMA/140) for off-line assay. The sam-
pling interval was 10 min for each probe. Blood and brain
dialysates were measured by HPLC on the same day as the
experiment.

2.6. Recovery of microdialysate

For in vivo recovery, the blood and brain microdialy-
sis probes were inserted into the jugular vein and brain
hippocampus under anaesthesia with urethane 1 g/ml and
�-chloralose 0.1 g/ml (1 ml/kg, i.p.). Anticoagulant solu-
tion containing vincamine (1, 5 and 10�g/ml) was passed
through the microdialysis probe into the rat blood and brain
at a constant flow rate (2�l/min) using an infusion pump
(CMA/100). Two hours after probe implantation, the per-
fusate (Cperf) and dialysate (Cdial) concentrations of vin-
camine were determined by HPLC. The relative recov-
ery (Rdial), in vivo, of vincamine across the microdialysis
probes was calculated according to the following equation,
Rdial = (Cperf−Cdial)/Cperf.

2.7. Pharmacokinetic application

Vincamine microdialysate concentrations (C ) were
c
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Fig. 2. (A) Standard injection of vincamine (0.5�g/ml). (B) Chromatogram
of a rat blood dialysate sample before vincamine administration. (C) Chro-
matogram of a rat blood dialysate containing vincamine (0.65�g/ml) col-
lected 20–30 min after vincamine administration (30 mg/kg, i.v.). (D) Chro-
matogram of a blank brain hippocampus dialysate. (E) Chromatogram of a
brain hippocampus dialysate containing vincamine (0.21�g/ml) that sample
was collected 20–30 min after vincamine administration (30 mg/kg, i.v.). 1,
Vincamine.

ima wavelength of vincamine to be 220 nm. Typical chro-
matograms of standards containing vincamine are shown in
Fig. 2. Separation of vincamine from endogenous chemi-
cals in blood dialysate was achieved in an optimal mobile
phase containing 75% of methanol, 25% of water and 1% di-
ethylamine (pH 7.15). The retention time of vincamine was
6.3 min. Mobile phases containing diethylamine as suggested
to enhance the peak character of basic analyte by Ishikawa
and Shibata[19], can reduce peak tailing, resulting in nar-
row peaks and improving the resolution of vincamine from
the dialysates in the reversed-phase chromatographic appli-
cation.

Fig. 2A shows a standard injection of vincamine
(0.5�g/ml) dissolving in the injection vehicle, whereas
Fig. 2B shows the chromatogram of a rat blood dialysate
sample before vincamine administration andFig. 2C shows
the chromatogram of a rat blood dialysate containing vin-
camine (0.65�g/ml) collected 20–30 min after vincamine
administration (30 mg/kg, i.v.).Fig. 2D shows the chro-
matogram of a blank brain hippocampus dialysate.Fig. 2E
shows the chromatogram of a brain hippocampus dialysate
containing vincamine (0.21�g/ml) from a sample that
was collected 20–30 min after vincamine administration
(30 mg/kg, i.v.).
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m
onverted to unbound concentration (Cu) as follows:
u =Cm/Rdial. Pharmacokinetic calculations were perform
n each individual set of data using the pharmacokinetic
ulation software WinNonlin Standard Edition Version
Pharsight, Mountain View, CA, USA) by the compartm
al method. The area under the concentration curves (A
rom time zero to time infinity were calculated by the tra
oidal rule and extrapolated to time infinity by the ad
ion of AUCt− inf . The AUC values were thus given by t
um of the products of the measured concentrations
he collection time interval, plus the residual area, tha
UC = AUC0− t + AUCt− inf .

.8. Statistics

The results are represented as mean± standard error of th
ean. Statistical analyses were performed with SPSS ve
0.0 (SPSS, Chicago, IL, USA). One-way ANOVA was

owed by a Dunnett’s post-hoc test comparison betwee
ontrol (vincamine treated alone), and cyclosporine tre
roups. All statistical tests were performed at the two-ta
% level of significance.

. Results and discussion

.1. Chromatography

Peak scanning by the photodiode array detection (W
695 module coupled to 2696 detector) revealed the
.2. Linearity

Linear least-square regression analysis of the ca
ion graph on 6 different days demonstrated linearity
ween the response and the nominal concentration of
amine over the range of 0.05–100�g/ml. The results o
inear regression analysis show that the correlation co
ients of all standards curves were better than 0.995
ata show the excellent reproducibility of the sample an
is.
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Table 1
Intra- and inter-assay precision (RSD) and accuracy (Bias) of the HPLC
method for the determination of vincamine

Nominal
concentration (�g/ml)

Observed
concentration (�g/ml)

RSD (%) Bias (%)

Intra-assay
0.05 0.054± 0.003 6.0 8.0
0.10 0.106± 0.004 4.0 6.0
0.50 0.49± 0.02 4.1 −2.0
1.00 0.98± 0.03 3.1 −2.0
5.00 5.04± 0.03 0.4 0.8
10.0 10.1± 0.11 1.1 1.0
20.0 20.2± 0.2 1.1 0.8

Inter-assay
0.05 0.045± 0.003 6.7 −10.0
0.10 0.095± 0.008 8.4 −5.0
0.50 0.48± 0.04 8.3 −4.0
1.00 0.99± 0.04 4.0 −1.0
5.00 4.91± 0.27 5.5 −1.8
10.0 10.2± 0.38 3.7 2.0
20.0 20.3± 0.76 3.7 1.5

Data are expressed as means± SD (n= 6).

3.3. Limit of detection

The limit of detection (LOD) of vincamine in rat dialysate
was determined to be 0.01�g/ml at a signal-to-noise ratio of
3. The lower limit of quantitation (LOQ) was 0.05�g/ml.

3.4. Precision, accuracy and recovery

The intra- and inter-assay precision and accuracy values
are presented inTable 1. The overall mean precision, defined
by the RSD, ranges from 0.4 to 8.4%. Analytical accuracy,
expressed as the percent difference of the mean observed val-
ues compared with known concentration varies from−10.0
to 8.0%.

3.5. Recovery

The average in vivo recovery of vincamine in rat blood
was 53.7± 0.7% at the concentrations of 1, 5, and 10�g/ml
(n= 6 for each concentration); and in brain was 17.5± 0.8%
at the concentrations (n = 6). The in vivo recovery (or dialysis
efficiency) can be affected by certain factors, mostly physical
in nature, such as temperature and perfusion rate. Also the
materials used in the construction of the probe and the final
dimensions of the probe can affect dialysis efficiency. Thus,
e sical
c
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Fig. 3. Mean unbound levels of vincamine in rat blood and brain after vin-
camine (10 mg/kg, i.v.) administration and co-administration of vincamine
(10 mg/kg, i.v.) and cyclosporine (10 mg/kg, i.v.) (n= 6). Data are presented
as mean± SEM.

AIC (Akaike Information Criterion)[20], with minimum
AIC values being regarded as the best representation of
the blood concentration-time course data. A compartmen-
tal model with individual animal data after dose was pro-
posed by the computer program WinNonlin. This AIC
value in average decreases from−6.09 for one-compartment
model to−61.79 for the two-compartment model, indicat-
ing that the two-compartment model is more suitable than
the one-compartment model for the vincamine administra-
tion (30 mg/kg, i.v.). This AIC value on average decreases
from 24.0 for one-compartment model to−51.65 for the two-
compartment model, indicating that the two-compartment
model is better than the one-compartment model for the

F vin-
c mine
( ed
a

ach probe must be calibrated prior to use and all phy
omponents must be kept constant.

.6. Pharmacokinetic application

The concentration versus time curve of vincamine in
lood is shown inFigs. 3 and 4, indicating that dispos

ion of vincamine in rat blood has a slower and lon
limination phase. The pharmacokinetic models (one-
us two-compartment) were compared according to
ig. 4. Mean unbound levels of vincamine in rat blood and brain after
amine (30 mg/kg, i.v.) administration and co-administration of vinca
30 mg/kg, i.v.) and cyclosporine (10 mg/kg, i.v.) (n= 6). Data are present
s mean± SEM.
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Table 2
Pharmacokinetic parameters of the vincamine administration (10 or 30 mg/kg, i.v.) and the treated group, where cyclosporine 10 mg/kg was injected via femoral
vein 10 min prior to vincamine injection

Parameters 10 mg/kg 30 mg/kg

Control Treated Control Treated

Blood
AUC (min�g/ml) 55.1± 2.2 80.6± 8.3* 157 ± 25.4 379± 65.5*

t1/2 (min) 32 ± 4 43 ± 4* 56 ± 7 85 ± 19*

Cmax 2.5 ± 0.3 5.3± 1.0* 3.3 ± 0.6 8.2± 1.1*

Brain
AUC (min�g/ml) 35.0± 5.3 61.2± 6.1* 85.6± 4.6 156.4± 19*

t1/2 (min) 31 ± 6 39 ± 5 36 ± 6 57 ± 6*

Cmax 0.8 ± 0.1 1.2± 0.1* 1.5 ± 0.1 2.3± 0.3*

Tmax 20 ± 0 20 ± 0 20 ± 0 20 ± 0

AUCbrain/AUCblood 0.63± 0.07 0.76± 0.07 0.54± 0.20 0.41± 0.10

Data are expressed as mean± SEM (n= 6). Significant difference from the values of control group.
* P< 0.05.

co-administration of vincamine (30 mg/kg, i.v.) and cy-
closporine (10 mg/kg, i.v.). However, Millart et al. suggested
that one-compartment model was suitable for vincamine in
human subjects[21]. This phenomenon may cause by the
diverse assay system and subject difference.

The following equation applies to a two-compartment
pharmacokinetic model:C=Ae−αt +Be−βt; whereA andB
are the concentration (C) intercept for fast and slow dis-
position phases, respectively; andα and β are disposi-
tion rate constants for fast and slow disposition phases,
respectively. Analysis of data after i.v. injection of vin-
camine at 30 mg/kg and cyclosporine co-administered group
yields the following equationC= 14.08e−0.12t + 0.81e−0.01t

andC= 54.86e−0.16t + 1.18e−0.01t, respectively. The pharma-
cokinetic parameters as derived from these data and calcu-
lated by WinNonlin program are shown inTable 2.

The results of the present experiments suggest that vin-
camine may penetrate the BBB, in agreement with the earlier
observation by Ritschel and Agrawala[11]. The concentra-
tion versus time curve of vincamine in blood and brain at
dosages of 10, and 30 mg/kg are shown inFigs. 3 and 4. The
pharmacokinetic profiles indicate that cyclosporine treated
animals significantly increased vincamine level in both blood
and brain. Further analysis, the distribution ratio of brain-
to-blood (AUCbrain/AUCblood) was compensated in the vin-
camine alone and cyclosporine treated groups (Table 2).
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camine in rat blood and brain. This method exhibits no en-
dogenous interference and its sensitivity is sufficient for the
determination of biological samples. Results using this tech-
nique prove that vincamine is distributed into the brain. Cur-
rent data obtained from rats show significant impact of cy-
closporine on the pharmacokinetics of vincamine in rat blood
and brain when they are concomitantly injected. The results
indicate that the P-glycoprotein may involve the brain distri-
bution of vincamine.
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