Available online at www.sciencedirect.com

ScIENcE@DIREcT° JOURNAL OF
CHROMATOGRAPHY A

VA,

oot F Sty
ELSEVIER Journal of Chromatography A, 1088 (2005) 146—-151

www.elsevier.com/locate/chroma

Measurement and pharmacokinetics of vincamine in rat blood
and brain using microdialysis

Ying-Ping Juasd, Tung-Hu Tsaf 2 *

a |nstitute of Traditional Medicine, National Yang-Ming University, Taipei 112, Taiwan
b National Research Institute of Chinese Medicine, 155-1 Li-Nong Street Section 2, Taipei 112, Taiwan

Available online 5 February 2005

Abstract

Vincamine is an alkaloid compound derived fromfieca minoplant. 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
vincamine (10 and 30 mg/kg) through the femoral vein. Samples were eluted with a mobile phase containing methanol-1% diethylamine (pF
7.15) in water (75:25, v/v) and the flow rate of the mobile phase was 0.7 ml/min. Pharmacokinetic parameters of vincamine were derived using
compartmental model. The decline of protein-unbound vincamine in the hippocampus and blood suggested that there was rapid exchang
and equilibration between the peripheral compartment and the central nervous system. In the presence of cyclosporine, unbound vincamir
levels in both blood and brain were significantly increased.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction chromatography{6,7], liquid chromatography5,8,9] and
separation of its enantiomek0].
Vincamine Fig. 1, 14,15-dihydro-14hydroxyeburname- In the pharmacokinetic profile of vincamine, the com-

nine-14-carboxylic acid methyl ester) is an alkaloid com- pound is about 64% bound to plasma proteins, and 6% bound
pound derived from th&inca minorplant. which has been to erythrocyteg11]. To date, no assay method has been re-
used for the prevention or the therapy for cerebrovascular in- ported for the sampling and measurement of protein-unbound
sufficiencies and disorders. The elimination half-life is ap- vincamine in biological fluids. To determine the pharma-
proximately 2 h after vincamine oral administration. Vin- cokinetics of the protein-unbound form of an analyte in the
camine is mainly metabolized in the liver and excreted by the body, we employed in vivo microdialysis techniques to ob-
kidneys and it may also go through cerebral metabo|tsm tain the protein-free analyte from simultaneously derived rat
Following intraperitoneal injection, vincamine or its metabo- blood and brain sampleld2,13] Microdialysis sampling
lites have been verified with the autoradiographic method to techniques were originally developed to allow in vivo sam-
penetrate the blood-brain barrier (BBR]. pling of neurotransmitters released in the bifdi4,15], and
Methods for the determination of vincamine in blood or techniques have subsequently been extended to encompass
plasma have been reported using thin-layer chromatographypharmacological and pharmacokinetic studiex13]
[3], mass spectrometi], voltammetric detectiofb], gas The aim of this study is to investigate the disposition
of unbound vincamine and its distribution into the brain. A
mp onding author. Tel.: +886 2 2820 1999x8091; rapid apd sgns!tive liquid chromatographic system coqpled to
fax: +886 2 2826 4276. microdialysis is demonstrated for the determination of
E-mail addressthtsai@ym.edu.tw (T.-H. Tsai). protein-unbound vincamine in rat blood and brain. In
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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 LiChroCarig@ndcapped column
(250 mmx 4.6 mm 1.D.; particle size pm, 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
Fig. 1. Chemical structure of vincamine. with a 0.45um Millipore membrane prior to being used for
elution. The output signal from the HPLC-UV detector was
addition, further exploration of the mechanism for BBB pen- recorded using an EZChrom chromatographic data system
etration is also observed by comparing the pharmacokinet- (Scientific Software, San Ramon, CA, USA).
ics of vincamine both with and without cyclosporine, a P-
glycoprotein inhibitor. 2.4. Microdialysis experiment

Blood and brain microdialysis systems consisted of a

2. Experimental CMA/100 microinjection pump (CMA, Stockholm, Sweden)
and the appropriate microdialysis proljég]. The dialysis
2.1. Chemicals and reagents probes for blood (10 mm in length) and brain (3 mmin length)

were made of silica glass capillary tubing arranged in a con-
Vincamine and cyclosporine (sandimmun) were pur- centric desigr{16,17] Their tips were covered by dialysis

chased from Sigma (St. Louis, MO, USA) and Novartis membrane (150m outer diameter with a nominal molecu-
Pharma (Basle, Switzerland), respectively. Liquid chromato- |ar weight cut-off of 13 000, Spectrum Co, Laguna Hills, CA,
graphic grade solvents and reagents were obtained from EUSA) and all unions were cemented with epoxy. To allow ade-
Merck (Darmstadt, Germany). Triple deionized water (Mil- quate time for the epoxy to dry, the probes were made at least
lipore, Bedford, MA, USA) was used for all preparations. 24 h prior to use. The blood microdialysis probe was posi-

tioned within the jugular vein in the direction of right atrium
2.2. Animals and then perfused with anticoagulant citrate dextrose (ACD)

solution (citric acid 3.5 mM; sodium citrate 7.5 mM; dextrose

All experimental protocols involving animals were 13.6 mM) at a flow rate of al/min using the CMA microin-

reviewed and approved by the institutional animal jection pump. For brain microdialysis, the rat was mounted
experimentation committee of the National Research on a stereotaxic frame and perfused with Ringer’s solution
Institute of Chinese Medicine. Male specific pathogen-free (147 mM N&; 2.2 mM C&*; 4 mM K*; pH 7.0). After being
Sprague—Dawley rats were obtained from the Laboratory washed with Ringer’s solution at a flow-rate gf.Zmin, the
Animal Center of the National Yang-Ming University, microdialysis probe was implanted in the right hippocampus
Taipei. Animals had free access to food (Laboratory rodent (coordinates: 5.6 mm posterior to bregma, 5.0 mm lateral to
diet No. #5P14, PMI Feeds, Richmond, IN, USA) and water midline and 7.0 mm lower to tip) according to the Paxinos and
until 18 h prior to experimentation, at which time only food Watson atla§18]. The positions of the probes were verified
was removed. The rats were initially anaesthetized with by standard histological procedure at the end of experiments.
urethane 1 g/ml and-chloralose 0.1 g/ml (1 ml/kg, i.p.), and  This method has been previously reported.
remained anaesthetized throughout the experimental period.
The femoral vein was exposed for further drug administra- 2.5. Drug administration
tion. During the experiment, the rat body temperature was

maintained at 37C using a heating pad. After a 2 h post-implantation period, an intravenous dose
of drug was administered via the femoral vein. A vin-
2.3. Chromatography camine dose of 10 or 30 mg/kg € 6) was administered in-

travenously to control group rats. The warm normal saline
The chromatographic system consisted of a chromato-and 1M citric acid (80:20, v/v, pH 3.5) was used as in-
graphic pump (BAS PM-80, West Lafayette, IN, USA), an jection solvent. For the cyclosporine treated groog 6),
on-line injector (CMA/160, Stockholm, Sweden) equipped cyclosporine, 10 mg/kg, was injected via femoral vein 10 min
with a 20pl sample loop and an ultraviolet detector (Varian, prior to vincamine. The injectable concentration of cy-
Walnut Creek, CA, USA) for biological sample analysis. closporine (10 mg/ml) was produced by 5% dextrose/water
A Waters photodiode array detection (Waters 2695 module solution. The total volume of each injection was 1 ml/kg.
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The blood was connected to an on-line injector (CMA/160) (A) (B) (©) (D) (E)
for direct assay. The brain dialysate was connected a frac- 30 30 30 1] 30 30
tion collector (CMA/140) for off-line assay. The sam- £ 25 25 ‘ 25 25 25 ‘
pling interval was 10 min for each probe. Blood and brain S 20 1 20 20 20 20 }
dialysates were measured by HPLC on the same day as the , .. ‘ 15 15 15 \ 5]
experiment. E o ( o o 0 0 '1
2.6. Recovery of microdialysat = ‘ { ° ° aN ° ‘ ‘F
6. y icrodialysate £ It ol OJ\, oLt
For in vivo recovery, the blood and brain microdialy- 0 7 0 7 0 7 0 7 0 7
sis probes were inserted into the jugular vein and brain Time (min)

hippocampus under anaesthesia with urethane 1g/ml and
a-chloralose 0.1g/ml (1 ml/kg, i.p.). Anticoagulant solu- Fig.2. (A) Standard injection of vincamine (Qu§/ml). (B) Chromatogram
tion containing vincamine (1, 5 and b@]/ﬂﬂ) was passed of a rat blood dialysate sample before vir.1c.amin.e adm_inistration. (C) Chro-
through the microdialysis probe into the rat blood and brain Imatogram of a rat blood dialysate containing vincamine (.n) col-

. . . : ected 20—-30 min after vincamine administration (30 mg/kg, i.v.). (D) Chro-
at a constant flow rate (@/min) using an infusion puMp  matogram of a blank brain hippocampus dialysate. (E) Chromatogram of a
(CMA/100). Two hours after probe implantation, the per- brain hippocampus dialysate containing vincamine (Q.g/ml) that sample
fusate Cperf) and dia|ysate Qdial) concentrations of vin- vv_as col!ected 20-30 min after vincamine administration (30 mg/kg, i.v.). 1,
camine were determined by HPLC. The relative recoy- Vincamine.
ery (Rgial), in vivo, of vincamine across the microdialysis
probes was calculated according to the following equation,

Raial = (Cperf — Caial)/Cpert. ima wavelength of vincamine to be 220 nm. Typical chro-
P P matograms of standards containing vincamine are shown in
2.7. Pharmacokinetic application Fig. 2 Separation of vincamine from endogenous chemi-

cals in blood dialysate was achieved in an optimal mobile

Vincamine microdialysate concentration€{) were phase containing 75% of methanol, 25% of water and 1% di-
converted to unbound concentratiol€) as follows: ethylgmlne (pH 7.15). The re_te_ntlor_] time of_vmcamme was
Cu = Cm/Raial. Pharmacokinetic calculations were performed 6.3 min. Mobile phases containing d|ethylam|ne as sugg_ested
on each individual set of data using the pharmacokinetic cal- {0 €nhance the peak character of basic analyte by Ishikawa
culation software WinNonlin Standard Edition Version 1.1 and Shibatg19], can reduce peak tailing, resulting in nar-
(Pharsight, Mountain View, CA, USA) by the compartmen- oW peaks and_ improving the resolution of vincamine from _
tal method. The area under the concentration curves (AUCs)the dialysates in the reversed-phase chromatographic appli-
from time zero to time infinity were calculated by the trape- Cation. S _ _
zoidal rule and extrapolated to time infinity by the addi- _ Fi9- 2A shows a standard injection of vincamine
tion of AUC,_ inr. The AUC values were thus given by the (Q.SMg/mI) dissolving in the injection vehicle, Whereas
sum of the products of the measured concentrations andF9- 28 shows the chromatogram of a rat blood dialysate
the collection time interval, plus the residual area, that is; S@mple before vincamine administration &fid. 2C shows

AUC = AUCq_ ¢ + AUC, _ inf. the (_:hromatogram of a rat blood dialy_sate cont_aining_ vin-
camine (0.6qug/ml) collected 20-30min after vincamine
2 8. Statistics administration (30 mg/kg, i.v.)Fig. 2D shows the chro-

matogram of a blank brain hippocampus dialys&ig. 2E
The results are represented as meatandard errorofthe ~ Shows the chromatogram of a brain hippocampus dialysate
mean. Statistical analyses were performed with SPSS versiorfontaining vincamine (0.21g/ml) from a sample that
10.0 (SPSS, Chicago, IL, USA). One-way ANOVA was fol- Was coIIecFed 20-30min after vincamine administration
lowed by a Dunnett's post-hoc test comparison between the (30 ma/kg, i.v.).
control (vincamine treated alone), and cyclosporine treated
groups. All statistical tests were performed at the two-tailed 3.2. Linearity
5% level of significance.
Linear least-square regression analysis of the calibra-
tion graph on 6 different days demonstrated linearity be-

3. Results and discussion tween the response and the nominal concentration of vin-
camine over the range of 0.05-109/ml. The results of
3.1. Chromatography linear regression analysis show that the correlation coeffi-

cients of all standards curves were better than 0.995. The
Peak scanning by the photodiode array detection (Watersdata show the excellent reproducibility of the sample analy-
2695 module coupled to 2696 detector) revealed the max-sis.
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Table 1
Intra- and inter-assay precision (RSD) and accuracy (Bias) of the HPLC i Stggg x::gzm::: 18 :g;ll:g)
method for the determination of vincamine 100 + Cyclosporine 10 mgfkg) 9
Nominal Observed RSD (%) Bias (%) —v— Brain (Vincamine 10 mg/kg)
concentration¢g/ml)  concentration¢g/ml) = g ?rg;"f’c&;gﬁ:;”%?g;fgg
Intra-assay S 10

0.05 0.054+ 0.003 60 80 =

0.10 0.106+ 0.004 40 6.0 K]

0.50 0.49+ 0.02 41 -2.0 g 4

1.00 0.98+ 0.03 31 -2.0 5

5.00 5.04+ 0.03 04 08 £

10.0 10.1+ 0.11 11 10 O

20.0 20.2+ 0.2 11 08 2 o1

£

Inter-assay 8

0.05 0.045+ 0.003 67 —-10.0 }.E.

m mm n R

. 48+ 0. —4.

1.00 0.99+ 0.04 40 ~10 0 e L. 124

5.00 4.91+ 0.27 55 ~18 Time (min)

10.0 10.2+ 0.38 37 20

20.0 20.3+ 0.76 37 15 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.vi)=£6). Data are presented
as meant: SEM.

Data are expressed as meanSD (n=6).

3.3. Limit of detection
AIC (Akaike Information Criterion)[20], with minimum
The limit of detection (LOD) of vincamine in rat dialysate  AIC values being regarded as the best representation of
was determined to be 0.Qdy/ml at a signal-to-noise ratio of ~ the blood concentration-time course data. A compartmen-

3. The lower limit of quantitation (LOQ) was 0.Q&/ml. tal model with individual animal data after dose was pro-
posed by the computer program WinNonlin. This AIC
3.4. Precision, accuracy and recovery value in average decreases frer.09 for one-compartment

model to—61.79 for the two-compartment model, indicat-
The intra- and inter-assay precision and accuracy valuesing that the two-compartment model is more suitable than
are presented ifiable 1 The overall mean precision, defined the one-compartment model for the vincamine administra-
by the RSD, ranges from 0.4 to 8.4%. Analytical accuracy, tion (30 mg/kg, i.v.). This AIC value on average decreases
expressed as the percent difference of the mean observed vafrom 24.0 for one-compartment modeH&1.65 for the two-

ues compared with known concentration varies fred0.0 ~ compartment model, indicating that the two-compartment
to 8.0%. model is better than the one-compartment model for the

3.5. Recovery 6 —e— Blood (Vincamine 30 mg/kg)
—O— Blood (Vincamine 30 mg/kg
+ Cyclosporine 10 mg/kg)
—w— Brain (Vincamine 30 mg/kg)
—v— Brain (Vincamine 30 mg/kg
10 + Cyclosporine 10 mg/kg)

The average in vivo recovery of vincamine in rat blood
was 53.74 0.7% at the concentrations of 1, 5, anduldmi
(n=6 for each concentration); and in brain was 1¥#.6.8%
atthe 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,
each probe must be calibrated prior to use and all physical
components must be kept constant.

0.1

Vincamine Concentration (pg/ml)

3.6. Pharmacokinetic application 010

1 I |
0 60 120 180 240

The concentration versus time curve of vincamine in rat Time (min)

bIOOd IS .Shown |nF_|gs. 3 and 4 mdlcatmg that dlSpOSI- Fig. 4. Mean unbound levels of vincamine in rat blood and brain after vin-
tion of vincamine in rat blood has a slower and Ionger camine (30 mg/kg, i.v.) administration and co-administration of vincamine
elimination phase. The pharmacokinetic models (one- ver- (30 mg/kg, i.v.) and cyclosporine (10 mg/kg, i.u)< 6). Data are presented
sus two-compartment) were compared according to the as 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 wasfieieotad vi
vein 10 min prior to vincamine injection

Parameters 10 mg/kg 30 mg/kg
Control Treated Control Treated
Blood
AUC (min wg/ml) 55.1+ 2.2 80.6+ 8.3 157 + 25.4 379+ 65.5
ty/2 (Min) 32+ 4 43+ 4 56+ 7 85+ 19°
Crmax 25+0.3 5.3+ 1.0 3.3+ 06 82+ 1.1
Brain
AUC (min wg/ml) 35.0+ 5.3 61.2+ 6.1 85.6+ 4.6 156.4+ 19
ty/2 (Min) 31+ 6 39+ 5 36+ 6 57+ 6
Crmax 08+0.1 1.2+ 0.1 154+ 0.1 23+ 03
Timax 20+ 0 20+ 0 20+ 0 20+ 0
AUChyain/AUChiood 0.63+ 0.07 0.76+ 0.07 0.54+ 0.20 0.41+ 0.10
Data are expressed as melaBEM (n=6). Significant difference from the values of control group.
* P<0.05.

co-administration of vincamine (30mg/kg, i.v.) and cy- camine in rat blood and brain. This method exhibits no en-
closporine (10 mg/kg, i.v.). However, Millart et al. suggested dogenous interference and its sensitivity is sufficient for the
that one-compartment model was suitable for vincamine in determination of biological samples. Results using this tech-
human subject§?1]. This phenomenon may cause by the nique prove that vincamine is distributed into the brain. Cur-

diverse assay system and subject difference. rent data obtained from rats show significant impact of cy-

The following equation applies to a two-compartment closporine on the pharmacokinetics of vincamine in rat blood
pharmacokinetic modelC = Ae~*' + Be #!; whereA and B and brain when they are concomitantly injected. The results
are the concentrationCj intercept for fast and slow dis- indicate that the P-glycoprotein may involve the brain distri-
position phases, respectively; amdand g are disposi- bution of vincamine.

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 equatioiC = 14.08¢ 012 + 0.81¢ 0-0
andC=54.86e %18 + 1.18¢ 01 respectively. The pharma-

cokinetic parameters as derived from these data and calcu-Vg:isls;l;gyAf\l’vaisvséﬁggr??d? iArlepa:ct by risea{;:h grants
lated by WinNonlin program are shown Tiable 2 ( et -377-4D) from the Veterans

; . General Hospital, Taipei; and (NSC93-2113-M-077-005;
The results of the present experiments suggest that vin- i .
camine may penetrate the BBB, in agreement with the earlier NSC93-2320-B-077-006) from the National Science Coun-

observation by Ritschel and Agrawdlbl]. The concentra- cil, Taiwan.

tion versus time curve of vincamine in blood and brain at

dosages of 10, and 30 mg/kg are showFigs. 3 and 4The

pharmacokinetic profiles indicate that cyclosporine treated References
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