
Biochemical Pharmacology, Vol. 53, pp. 1735-1742, 1997. 
Copyright 0 1997 Elsevier Science Inc. 

ELSEVIER 

ISSN 0006-2952/97/$17.00 + 0.00 
PII SOOOS-2952(97)00093,2 

Role of P-glycoprotein in Colchicine and Vinblastine 
Cellular Kinetics in an Immortalized Rat Brain 

Microvessel Endothelial Cell Line 
Bouchra El Hafny , Nathalie Cano, Mich& Piciotti, Anthony Regina, 

Jean-Michel Schemnann and Fraqoise Roux” 
INSERUM U26, UNITE I)E NEURO-PHARMACO-NUTRITION, HOPITAL FEKNAND WI~AL, 

200 RUE DU FAUKXJRG SAINT-DENIS, 75 475 PARIS-CXDEX 10, FRANCE 

ABSTRACT. Uptake and efflux of colchicine and vinblastine, whose effects are related to their high-affinity 

binding to tubulin, were studied in the immortalized rat brain microvessel endothelial cell line RBE4. At 10 nM 

extracellular drug concentration, uptake equilibrium was approached at 45 hr for colchicine, but at only 3.5 hr 

for vinblastine. After 1 hr preincubation with 200 nM colchicine or vinblastine, drug efflux fitted biexponential 

kinetics with an initial fast phase (half-life = 2.2 min and 9.6 min, respectively) and a later slow phase 

(half-life = 3.6 hr and 1.8 hr, respectively). After 6 hr preincubation with 200 nM colchicine, only the slow 

phase (half-life = 3.6 hr) could be observed. The colchicine and vinblastine uptake rate was increased by 

cyclosporin A, an inhibitor of the drug efflux pump P-giycoprotein, which is expressed at the blood-brain barrier. 

Whereas cyclosporin A decreased vinblastine efflux, its effect on colchicine efflux was apparent after only 13 hr 

washout and was associated with the re-uptake by cells of colchicine molecules. Differences in uptake kinetics 

of colchicine and vinblastine could be related to differences in their lipid solubility, and mainly in their binding 

affinities to tub&n. Differences in efflux kinetics could in addition be explained by the involvement of 

P-glycoprotein in the efflux of vinblastine, whereas efflux of colchicine was not influenced by this pump. Indeed, 

binding of colchicine to tub&n would imply that most intracellular colchicine may be inaccessible to 

P-glycoprotein. In the case of a cytotoxic drug such as colchicine, which is tightly bound to intracellular 

receptors, the role of I’-glycoprotein within the blood-brain barrier would be more to protect the brain against 

entry of this drug than to detoxify the brain by its extraction. RIOCHEM PHARMACOL 53;11:1735-1742, 1997. 
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Colchicine is a potent therapeutic drug that has been used 

in the short- and long-term treatment of acute gout [l] and 

is effective in a variety of inflammatory disorders, including 

familial Mediterranean fever [Z]. Both its therapeutic effects 

and toxic effects induced by overdose are related to its 

interaction with tubulin [3]. Colchicine first binds to 

soluble tub&n and forms a poorly reversible final state 

tub&n-colchicine complex which can then bind to micro- 

tubule ends [4, 51. In contrast to colchicine, vinblastine, 

another tubulin-binding compound, inhibits exchange of 

microtubules with tubulin by binding directly to microtu- 

bule ends [5, 61. Since colchicine and vinblastine bind to 

different forms of tub&n, the soluble and polymerized 

forms respectively, association constants of colchicine- 
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binding sites (1 to 10 FM-‘) and vinblastine-binding sites 

(0.5 to 1 PM-‘) are different [4, 51. 

In the brain, colchicine and vinblastine are able to 

disrupt axoplasmic transport [7]. Their neurotoxicity ap- 

pears to be related to their ability to bind to tubulin, 

resulting in inhibition of microtubule assembly. The blood- 

brain barrier (BBB) protects the brain from many exoge- 

nous toxins and sudden fluctuations in the levels of sys- 

temic substances. The brain microvessel endothelial cells 

have several transport systems that influence BBB perme- 

ability by regulating the passage of essential nutrients into 

the brain and restricting the entry of polar solutes. It has 

been reported that endothelial cells of the BBB, unlike 

those of most other tissues, strongly express the transmem- 

branous P-glycoprotein (I?-gp) [8, 91, the product of the 

multidrug resistance (MDR) gene. P-gp has been studied 

extensively because of its role in drug resistance in various 

tumors and neoplastic cell lines [lo-121. P-gp reduces 

intracellular anticancer drug accumulation by rapidly 

pumping such drugs out of these cells and would be 

responsible for extrusion back into the circulation of the 
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hydrophobic xenobiotics that diffuse into endothelial cells 
at the BBB [13]. 

Colchicine and vinblastine have been shown to be 
actively transported out of MDR cells by P-gp in order to 
maintain intracellular drug concentrations at subtoxic lev- 
els. These two substrates of P-gp possess different affinities 
for the pump, as shown by Liu and Sharom with purified 
P-glycoprotein [ 141. The purpose of the present study was to 
examine whether P-gp influences the cellular kinetics of 
colchicine and vinblastine in cultured BBB endothelial 
cells and to investigate whether intracellular mechanisms 
other than passive diffusion through the plasma membrane 
and P-gp transport affect exchange of these drugs between 
extra- and intracellular compartments. 

For this study, we used an immortalized rat brain mi- 
crovessel endothelial cell line RBE4. The immortalized 
cellular clone RBE4 was isolated after transfection of 
primary rat brain microvessel endothelial cells with the 
plasmid pElA-neo. This plasmid carries the entire ElA 
region of adenovirus 2 and the neogene for resistance to the 
aminoglycoside neomycin. RBE4 cells display a nontrans- 
formed endothelial phenotype, exhibit contact inhibition, 
growth factor and anchorage-dependent proliferation [15]. 
These immortalized cells remain sensitive to astroglial 
factors for the expression of gamma-glutamyl transpeptidase 
(GTP), alkaline phosphatase (ALP) [16] and P-gp [El 
Hafny B, Chappey 0, Piciotti M, Boval B and Roux F; 
submitted for publication]. 

We show differences in the uptake characteristics of 
colchicine and vinblastine which could be related to 
differences in lipid solubility, and mainly in association 
constants of the two drugs to tubulin. The functional 
importance of P-gp in RBE4 cells is demonstrated with the 
P-gp inhibitor cyclosporin A, which increases intracellular 
uptake of both drugs. P-glycoprotein induces an efflux of 
vinblastine at high concentration, but not for colchicine 
under the same experimental conditions. The high-binding 
affinity of colchicine to tubulin would imply that most 
intracellular colchicine may be inaccessible to P-gp, 
whereas the affinity of vinblastine for P-gp, higher than its 
affinity for microtubules, would allow its extraction by P-gp. 
Our findings suggest that high-affinity binding of toxins to 
intracellular receptors may be a limiting factor for cell 
detoxication by P-gp. 

MATERIALS AND METHODS 
Reagents 

Fetal calf serum and basic fibroblast growth factor were 
obtained from Boehringer (Mannheim, Germany) and 
media from Life Technologies (Cergy Pontoise, France). 
[3H] colchicine (70 Ci/mmol) and [3H] vinblastine sulphate 
(11 Ci/mmol) were purchased from Amersham France SA 
(Les Ulis, France). Colchicine, vinblastine sulphate, vera- 
pamil and vincristine sulphate were from Sigma (St Louis, 
MO, U.S.A.). Colchicine-specific Fab fragments were ob- 
tained from purified polyclonal goat immunoglobulin G 

specific to colchicine by papain treatment as described by 
Sabouraud et al. [17]. Polyclonal digoxin-specific Fab frag- 
ments were obtained from Boehringer (Mannheim GmbH, 
Germany). Cyclosporin A was a generous gift from Sandoz 
Pharma Ltd (Basel, Switzerland). Cyclosporin A was stored 
as a stock solution in ethanol at 8.3 X lo-* M with 
dilutions then made in culture medium. Control cultures 
were treated with the same final concentration of 0.016% 

ethanol. 

Cell Cultures 

RBE4 immortalized rat brain microvessel endothelial cells 
were plated onto collagen I-coated 4- or 24-well multiplates 
(rat tail collagen) and maintained in Alpha MEM/Ham’s 
FlO (1:l) supplemented with 10 mM HEPES, 2mM glu- 
tamine, 10% heat-inactivated fetal calf serum, 300 pg/mL 
neomycin (G418) and 1 ng/mL basic fibroblast growth 
factor (bFGF) in humidified 5% CO,/95% air at 37°C. The 
experiments were performed on 4-day confluent cultures. 

Drug Uptake Studies 

Cellular uptake of [3H] vinblastine and [3H] colchicine was 
measured according to Tatsuta et al. [18]. Cells were 
preincubated in culture medium with or without 10 FM 
cyclosporin A (CsA) for 30 min at 37°C. [3H] colchicine or 
[3H] vinblastine were then added and, after different 
incubation times at 37”C, cells were rapidly washed three 
times with ice-cold PBS to eliminate the extracellular drug. 
Two sets of experiments were carried out. Uptake of 10 nM 
colchicine or 10 nM vinblastine was measured over short 
periods of up to 3.5 hr, and uptake of colchicine concen- 
trations ranging from 0.5 nM to 200 nM was measured over 
long periods of up to 75 hr. The amount of [3H] colchicine 
or [3H] vinblastine retained in the cells was counted in 
Pica-fluor 40 (Packard, Rungis, France) by p scintillation 
counting after the cells had been lysed with 0.1 N NaOH. 
An aliquot of cell lysate was used in parallel to determine 
cellular protein concentration by the Lowry assay [19]. 
Intracellular colchicine or vinblastine was expressed as 
pmol/mg protein. 

Drug Efjbx Studies 

RBE4 cells grown on 4-well plates were washed three times 
with ice-cold PBS and preincubated for either 1 hr in 
culture medium containing 10 or 200 nM [3H] vinblastine 
or [‘HI colchicine, or for 6 hr in medium containing 
200 nM [3H] colchicine. After washing with PBS at 4°C to 
eliminate the extracellular drugs, cells were incubated in 
culture medium with or without P-gp modulators (washout 
medium). 

For measurement of colchicine long-term efflux, colch- 
icine-specific Fab fragments were added to the washout 
medium in order to avoid re-uptake by the cells of the 
colchicine molecules released into the medium. The 
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amount of Fab fragments added to the 0.2 mL medium 
covering the cells in a multiplate well was equal to the 
amount of colchicine accumulated in the cells after 6 hr 
incubation. Control cells were incubated in the presence of 
the same amount of digoxin-specific Fab fragments [20]. 

-1 *control 

The incubation medium was pipetted at the designated 
time points. The cells were then washed with ice-cold PBS 
and lysed by 0.1 N NaOH. The radioactivity associated 
with the incubation medium and the lysed cells was 
counted in Ready Solv HP (Beckman) by p scintillation 
counting. Intracellular colchicine is expressed as the per- 
centage of total extra- and intracellular colchicine in each 
well. 
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Phamu;lcokinetic Analysis 

The area under the curve (AUC) was calculated by the 
trapezoidal rule using the INPLOT computer program 
(GraphPAD software, ISI Sorrento Valley, CA, U.S.A.). 
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Estimates of slow and rapid elimination half-lives (t,,,) 
were obtained by fitting the curve to the intracellular 
colchicine or vinblastine concentration-time data with a 
mono- or biexponential equation using the non-linear least 
squares SIPHAR program (SIMED, Creteil, France). To 
assess the “goodness of fit,” residual analysis (an examina- 
tion of the standard deviation) was performed. In addition 
to the likelihood test, Akaike and Schwarz criteria were 
tested to select the most appropriate model. 
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RESULTS 
Vinblastine and Colchicine Uptake in RBE4 Cells 

In order to compare the vinblastine and colchicine accu- 
mulation rate in RBE4 cells, uptake was measured at an 
extracellular drug concentration of 10 nM, i.e., the level 
attained in human serum during clinical treatment with 
colchicine [20]. 

FIG. 1. Time-course for intracellular [3H] vinblastine (A) and 
[3H] colchicine (B) uptake by RBE4 cells. Effect of cyclosporin 
A. RBE4 cells were preincubated with growth medium alone 
(control) or with growth medium containing 10 PM CsA. After 
30 min, 10 nM E3H] colchicine or 10 nM [3H] vinblastine were 
added, and the uptake was measured for the indicated times as 
described in Materials and Methods. Values are means 2 SD of 
4 separate wells of one representative experiment. P < 0.01 vs 
control in Student’s t-test at all experimental times. 

The time-course of vinblastine uptake in confluent RBE4 
cells is shown in Fig. 1A. Vinblastine accumulation rapidly 
approached equilibrium during the first 3.5 hr. In the 
presence of 10 p,M cyclosporin A, uptake followed an 
identical pattern but the intracellular vinblastine concen- 
tration was increased at all experimental times, resulting in 
a 38.5% increase in the AUC of vinblastine accumulation 
vs time. 

colchicine decreased after 45 hr incubation with the differ- 
ent tested colchicine concentrations. 

Vinblustine and Colchicine Shorteterm Efjlu~ from 
RBE4 Cells 

Efflux of both antitubulin agents was measured at low 
(10 nM) and high (200 nM) drug concentrations. 

Uptake of colchicine with time is shown in Fig. 1B. After 
an initial rapid entry, colchicine accumulated at a constant 
rate over the 3 hr of the uptake evaluation. After addition 
of 10 FM cyclosporin A to the incubation medium, the cell 
content of colchicine was increased at all experimental 
times, resulting in a 30.2% increase in the AUC of 
colchicine accumulation vs time. 

Fig. 2 shows that within a colchicine concentration 
range of 0.5 nM to 20 nM, equilibrium was approached at 
45 hr incubation. However, with the toxic concentration of 
200 nM, the intracellular colchicine level was maximum 
and stable after a 6-hr incubation. Intracellular content of 

Semilogarithmic plots of vinblastine efflux for 2.5 hr of 
washout are shown in Fig. 3A (10 nM vinblastine) and 
Fig. 38 (200 nM vinblastine), after preloading of RBE4 
cells with vinblastine for 1 hr. The different curves of 
vinblastine efflux from RBE4 cells can be characterized by 
biexponential kinetics. After preloading with 10 nM vin- 
blastine, the efflux pattern was not modified by the addition 
of cyclosporin A to the washout medium. In the control 
cells, the values for the half-life of the initial fast phase and 
later slow phase were 8.9 min and 2.5 hr respectively, while 
in the CsA-treated cells, they were 8.1 min and 2.6 hr. 
However, after preloading with 200 nM vinblastine, addi- 
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FIG. 2. Time-course for uptake by RBE4 cells of different 
extracellular colchicine concentrations. Cells were incubated in 
the presence of increasing concentrations of colchicine ranging 
from 0.5 nM to 200 nM and sampled at graded time intervals to 
measure the cell-associated radioactivity as described in Materi- 
als and Methods. Values are means + SD of 4 separate wells of 
one representative experiment. 

tion of CsA increased the half-life values of both phases. 

Indeed, in control cells, the half-life values were 9.6 min for 

the fast phase and 1.8 hr for the slow phase, whereas in 

CsA-treated cells, the values were 11.6 min and 2.5 hr 

respectively. Such a CsA-induced increase in half-life 

values resulted in a 18% increase in the AUC of vinblastine 

efflux versus time. The slow phase half-lives obtained with 
the CsA-treated cells preloaded with 200 nM vinblastine 
and with the control cells preloaded with 10 nM vinblas- 
tine were not different. 

Fig. 4A (10 nM colchicine) and Fig. 4B (200 nM 
colchicine) show semilogarithmic plots of colchicine efflux 
as a function of time, for 2.5 hr of washout, when RBE4 
cells were preloaded with colchicine for one hr. Colchicine 
efflux from RBE4 cells can be described by biexponential 
kinetics with parameters that do not differ significantly 
whether cells are preloaded with 10 nM or 200 nM of 
colchicine. Addition of cyclosporin A to the washout 
medium did not change the kinetic parameters signifi- 
cantly. Thus, the different efflux curves can be analysed 
into an initial fast phase, defined by a half-life ranging from 
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FIG. 3. Semilogarithmic time profiles of vinblastine efflux from 
RBE4 cells preloaded with different amounts of the drug. RBE4 
cells were preincubated with 10 nM (A) or 200 nM (B) [3H] 
vinblastine for 1 hr. The cells were then washed and incubated 
in drug-free medium (control) or in medium containing 10 PM 
CsA. At increasing time intervals, the amount of [3H] vinblas- 
tine retained in the cells was determined and expressed as the 
percentage of total extra- and intracellular vinblastine. Values 
are means + SD of 4 separate wells of one representative 
experiment. **P < 0.01, ***P < 0.001 vs control in Student’s 
t-test. 

2.2 to 2.6 min, and a slow phase, defined by a half-life 
ranging from 3.6 to 4.2 hr. 

To further analyse colchicine efflux characteristics, ex- 
periments were performed at equilibrium (Fig. 4C). Fig. 2 
shows that steady-state was reached after preloading the 
RBE4 cells for 6 hr with 200 nM colchicine. After a very 
short fast phase from time 0 to time 2 min, the half-life of 
which could not be evaluated, the efflux curves for the 
RBE4 cells washed out with or without cyclosporin A were 
described by a monoexponential kinetics with a half-life 
ranging from 3.6 to 3.8 hr. Again, addition of cyclosporin A 
did not induce any change in kinetic parameters. 

Colchicine Long-term Eflux fium RBE4 Cells 

Colchicine efflux after 20 hr of washout was analysed after 
preloading the RBE4 cells for 6 hr with 200 nM colchicine 
(Fig. 5). In order to eliminate re-uptake of the colchicine 
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FIG. 4. Semilogarithmic time profiles of colchicine efflw from 
RBE4 cells preloaded with different amounts of drug. RBE4 
cells were preincubated with 10 nM [3H] colchicine for 1 hr (A) 
or with 200 nM [3H] colchicine either for 1 hr (B) or 6 hr (C). 
The cells were then washed and incubated in drug-free medium 
(control) or in medium containing 10 PM CsA. At graded time 
intervals, the amount of [3H] colchicine retained in the cells was 
determined and was expressed as a percentage of the sum of 
extra- and intracellular colchicine, as described in Materials and 
Methods. Values are means 2 SD of 4 separate wells of one 
representative experiment. 

molecules released into the incubation medium, colch- 
icine-specific Fab fragments were added at the start of 
washout. Control cells were incubated with the same 
concentration of digoxin-specific Fab fragments to take 

1739 

into account the potential interactions of the Fab fragments 
with the cells. Semilogarithmic plots of colchicine cell 
content as a function of time show that long-term efflux in 
the presence of colchicine-specific Fab fragments followed 
monoexponential kinetics. The half-life value was 3.7 hr 
for the cells incubated with colchicine-specific Fab frag- 
ments. A decrease in colchicine content of cells incubated 
with colchicine-specific Fab fragments was significant after 
13 hr of washout, while increases in colchicine content in 
cyclosporin A-treated cells were significant after 11 hr. The 
decreases induced by colchicine-specific Fab fragments 
were not modified by simultaneous addition of CsA to the 
washout medium (inset of Fig. 5). 

Likewise, addition of 10 p-M verapamil to the washout 
medium induced a significant increase in intracellular 
concentration of colchicine only after 12 hr of incubation. 
However, in the presence of 50 p-M vincristine, the efflux 
rate of colchicine was dramatically reduced, since the 
half-life value calculated during the first 10 hr of washout 
was 16.5 hr, instead of 3.45 hr with control cells (Fig. 6). 

DISCUSSION 

In this study, uptake and efflux kinetics of colchicine and 
vinblastine have been analysed in the immortalized rat 
brain microvessel endothelial cell line RBE4. The uptake 
studies suggested that P-gp can limit entry of colchicine and 
vinblastine into the BBB endothelial cells and that differ- 
ences in intracellular content of these drugs can mainly be 
related to differences in their binding affinities to tubulin. 
The efflux studies showed that P-gp cannot extract colchi- 
tine efficiently from the endothelial cells because this drug 
is tightly bound to intracellular receptors. 

It has previously been demonstrated that P-gp is ex- 
pressed in the RBE4 cell line and is active in expelling 
colchicine and vinblastine from these cells [21]. In the 
present study, CsA, an inhibitor of the drug efflux pump 
P-glycoprotein, was able to enhance the intracellular accu- 
mulation of the P-gp substrates colchicine and vinblastine. 
This result indicates that P-gp limits the passive intracel- 
lular diffusion of these drugs and is a factor decreasing their 
intracellular accumulation in RBE4 cells. CsA has also 
been shown to increase drug accumulation in MDR vari- 
ants of the human lung tumor cell line COR-L23. These 
variants do not express P-gp, but overexpress MRP, the 
multidrug resistance-associated protein [22]. Thus, we can- 
not exclude that other efflux pumps may be implicated in 
the expulsion of colchicine and vinblastine from RBE4 
cells. This possibility is currently under study. 

We showed that after incubating RBE4 cells with 10 nM 
of labelled drug for 1 hr, vinblastine accumulated in the 
cells approximately 10 times faster than colchicine and that 
the uptake equilibrium was approached at 3.5 hr incubation 
for vinblastine and at 45 hr incubation for colchicine. 
These patterns of colchicne and vinblastine uptake are 
comparable to the accumulation kinetics of both drugs as 
described by Safa et al. in human KB cells [23]. Intracellular 
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FIG. 5. Effects of cyclosporin A and colchicine-specific Fab fragments on the long-term colchicine efflux kinetics. After 6 hr colchicine 
preincubation with 200 nM [3H] co c 1 h’ tcine, the cells were washed and incubated in drug-free medium (control), in medium containing 
10 PM CsA, or in drug-free medium containing colchicine-specific Fab fragments. Control and CsA-treated cells were incubated with 
digoxin-specific Fab fragments. The amount of extracellular Fab fragments in medium was equal to the amount of intracellular 
colchicine at time 0. At increasing time intervals, the amount of r3Hl colchicine retained in the cells was determined and expressed as 
the percentage of total colchicine. Inset: Comparison at 15 hr and 20 hr of cells incubated in medium containing 10 p,M CsA and 
colchicine-specific Fab fragments. Values are means + SD of 4 separate wells of one representative experiment. ns: not significant, 
*P < 0.05, **P C 0.01, ***I’ C 0.001 vs control in Student’s t-test. 

content of colchicine declined after 45 hr incubation with 
higher drug concentrations. This evolution suggests that a 
steady-state cannot be reached with such high colchicine 
doses, which may induce progressively nonspecific cell 
death with denaturation of tubulin colchicine sites [24]. 

The cellular content of colchicine and vinblastine at 
different experimental uptake times depends on a balance 
between three factors: drug lipid solubility affecting passive 
distribution into the cell; drug expulsion out of the cell by 
P-glycoprotein; and drug retention in the cell due to 
different relative affinities to intracellular receptors. Parti- 
tioning into the plasma and vesicle membrane bilayers 
would be higher for vinblastine than for colchicine, since 
the octanol/water partition coefficient is 1ogP = 1.68 for 
vinblastine [25] and 1ogP = 1.28 for colchicine [26]. 
However, such differences are not large enough to explain 
the IO-fold differences in the uptake rates of both drugs. 
Under our experimental conditions, the P-gp-mediated 
efflux would not contribute to differences in cellular con- 

tent of vinblastine and colchicine, since the relative in- 
crease in drug accumulation induced by CsA in RBE4 cells 
was approximately similar for both drugs. Colchicine has 
been shown to bind to tubulin with association constants 
ranging from 1 to 10 PM-’ [4], whereas vinblastine binds 
to microtubules with lower association constants ranging 
from 0.5 to 1 PM-’ [5]. Thus, in RBE4 cells, differences in 
vinblastine and colchicine uptake kinetics as well as in the 
time required to reach equilibrium could largely be ex- 
plained by differences in drug-binding affinities to tubulin. 

In order to analyse the relationship between the intra- 
cellular content and the rate of efflux of colchicine or 
vinblastine, cells were preloaded with either 10 nM or 200 
nM of drug. When the efflux rates were measured after 1 hr 
preincubation with either concentration, colchicine and 
vinblastine efflux from RBE4 cells followed biexponential 
kinetics. There was a rapid exit of the drug during the first 
minutes followed by a slow exit requiring several hours. The 
half-life of the fast phase of vinblastine efflux was higher 
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FIG. 6. Effects of verapamil and vincristine on the long-term 
colchicine efflux from RBE4 cells. RBE4 cells were preincu- 
bated with 200 nM [3H] colchicine for 6 hr. The cells were then 
washed and incubated in drug-free medium (control) or in 
medium containing 10 PM verapamil or 50 FM vincristine. At 
indicated times, the [“H] colchicine retained in the cells was 
determined and expressed as a percentage of extra- and intracel- 
lular colchicine. Values are means rt SD of 4 separate wells of 
one representative experiment. **r < 0.01, ***r < 0.001 vs 
control in Student’s t-test. 

than that of colchicine, whereas the half-life of the slow 
phase was lower. 

The fast phase of drug efflux may represent the outflow of 
unbound molecules distributed in the intracellular fluid 
space and the higher value of the vinblastine efflux fast- 
phase half-life could partly be explained by the higher 
partitioning of vinblastine into the plasma membrane 
bilayer [12]. The slow phase may represent the outflow of 
molecules released from their intracellular receptors. In- 
deed, dissociation of the purified tubulin-colchicine com- 
plex has been described as a single exponential kinetics 
with an apparent dissociation rate constant of 38.5 X 

lop6 s-l, leading to a dissociation half-life of 5 hr at 37°C 
[24]. Thus, d ru e g ffl ux for the slow phase would be rate- 
limited by the dissociation of colchicine from its tubulin 
binding sites. After 6 hr preincubation of 200 nM colchi- 
cme, I.e., when equilibrium between intracellular and 
extracellular compartments was reached, colchicine efflux 
from RBE4 cells followed only a monoexponential kinetics 
with the same cell elimination half-life as that measured for 
the slow phase after 1 hr colchicine preincubation. This 
result suggests that after 6 hr preincubation most intracel- 
lular colchicine molecules were bound to tubulin. Addition 
of vincristine to washout medium greatly increased intra- 
cellular colchicine in RBE4 cells compared to controls, 
with an elimination half-life of 16.5 hr instead of 3.45 hr. 
Using purified rat brain tubulin, McClure and Paulson [27] 
also observed that the dissociation of colchicine from 
tub&r was reduced after tubulin preincubation with vin- 
blastine, since the time required to lose one half the 
colchicine binding activity increased from 7.5 hr in con- 
trols to 24.5 hr after preincubation with vinblastine. These 
different observations confirm that high intracellular col- 

chicine binding affinity to tubulin limits the efflux of this 
drug from RBE4 cells. Differences between the association 
constants of vinblastine to microtubules (0.5 to 1 PM-‘) 
[5] and colchicine to tubulin (1 to 10 PM-‘) [4] suggest 
that vinblastine was released faster from microtubules into 
the intracellular fluid space, with a consequent shorter 
efflux slow-phase half-life. 

Although RBE4 cells express functional P-gp as demon- 
strated by drug uptake kinetics, CsA had no effect on the 
colchicine efflux from RBE4 cells, since the efflux half-lives 
were similar in the presence or absence of the P-gp 
inhibitor. Contrary to colchicine efflux, vinblastine efflux 
was inhibited by CsA when RBE4 cells were preincubated 
for 1 hr with 200 nM vinblastine, since the efflux half-life 
increased in the presence of CsA for both the fast and slow 
phases. The association constant of vinblastine to P-gp 
(1.3 FM-‘) [14] is slightly higher than its association 
constant to microtubules (0.5 to 1 FM-‘). Thus, when 
vinblastine is released from microtubules into the cytosol, 
the molecules can bind to P-gp. In contrast, the association 
constant of colchicine to P-gp (6.3 nM-‘) [14] is much 
lower than its association constant to tubulin (1 to 10 
FM-‘) and the molecules would preferentially bind to 
tubulin. Furthermore, because of the strong binding of 
colchicine to tubulin, the amount of exchangeable drug 
distributed in the intracellular fluid space would be very 
low. Since only the cytosolic free drug has access to P-gp, 
the concentration of P-gp substrate in the cytosol would 
thus be a limiting factor for evaluation of P-gp activity. 

Inhibition of vinblastine efflux by CsA was dependent 
on the amount of intracellular drug, since the inhibitory 
effects of CsA were observed after 1 hr preincubation with 
a high (200 nM) but not with a low (10 nM) extracellular 
concentration. For 10 nM vinblastine, as for 10 and 
200 nM colchicine, the cytosolic free drug concentration 
would be too low for P-gp activity to be detected. Similarly, 
it has been reported that the fraction of daunorubucin 
tightly bound to intracellular structures or confined to 
compartments other than the cytosol would be inaccessible 
for P-gp-mediated export functions [28]. 

When efflux rates were measured for a longer time (20 
hr), we washed out the external colchicine and added 
colchicine-specific Fab fragments to bind the extracellular 
colchicine and to avoid re-uptake of the extracellular 
colchicine by the cells. When the efflux was measured after 
washing out the external colchicine for times longer than 
13 hr, intracellular colchicine was significantly decreased in 
the presence of the colchicine-specific Fab fragments. Only 
then was CsA or verapamil able to inhibit colchicine efflux 
in this phase when extracellular drug is taken up again. P-gp 
was then able to export colchicine again because a suffi- 
cient amount of free substrate had access to P-gp immedi- 
ately after crossing the plasma membrane. Absence of the 
CsA effect when colchicine-specific Fab fragments were 
added to the washout medium confirmed that P-gp activity 
was measurable only when enough colchicine molecules 
were taken up again by the cells. The in vitro efficiency of 
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the antibody has already been reported by Chappey et al. 
[ZO], who demonstrated that both periodically washing out 
external colchicine and adding colchicine-specific Fab 
fragments induce efflux of intracellular colchicine from 
lymphocytes with similar first-order kinetics. 

Thus, differences in vinblastine and colchicine efflux 
kinetics in RBE4 cells may be explained, like differences in 
uptake kinetics, by differences in lipid solubility and drug 
binding-affinities to tubulin. However, P-glycoprotein 
could also be involved if the amount of exchangeable drug 
in the cytosol was high enough for P-glycoprotein activity 
to be evaluated. In conclusion, P-gp cannot actively expel 
and consequently reduce the intracellular concentration of 
drugs such as colchicine, whose efflux is rate-limited by 
their high-affinity binding to intracellular receptors. We 
suggest that the role of P-gp within the blood-brain barrier 
would be more to protect the brain against cytotoxic drug 
entry than to detoxify the brain by extraction of the drugs 
that are tightly bound to intracellular receptors. 

We thank Murtine Bazin-Redureau, Catherine Renurd, Xavier De- 
cl&es and Olivier Chappey for helpful discussion and contribution to 
the pharmacokinetic analysis of the results. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Roberts W, Liang M and Stern S, Colchicine in acute gout. 
Reassessment of risks and benefits. J Am Med Ass 257: 
1920-1922, 1987. 
Levy M and Eliakim M, Long-term colchicine prophylaxis in 
familial Mediterranean fever. Br Med J 1977: 808-809, 1990. 
Malawista SE, Colchicine: A common mechanism for its 
anti-inflammatory and anti-mitotic effects. Arthritis Rheum 
11: 191-197, 1968. 
Hastie SB, Interactions of colchicine with tubulin. Pharmac 
Ther 51: 377-401, 1991. 
Wilson L and Jordan MA, Pharmacological probes of micro- 
tubule function. In: Microtubules (Eds. Hyams JS and Lloyd 
CW), 13 pp. 59-83. Wiley-Liss, New York, 1994. 
Dhamodharan R, Jordan MA, Thrower D, Wilson L and 
Wadsworth P, Vinblastine suppresses dynamics of individual 
microtubules in living interphase cells. Mel Biol Cell 6: 
1215-1229, 1995. 
Mundy WR and Tilson HA, Neurotoxic effects of colchicine. 
Neurotoxicology 11: 539-548, 1990. 
Cordon-Cardo C, O’Brien JP, Casals D, RittmanyGrauer L, 
Biedler JL, Melamed MR and Bertino JR, Multidrug-resis- 
tance gene (P-glycoprotein) is expressed by endothelial cells 
at blood brain-barrier sites. Proc Natl Acad Sci USA 86: 
695-698, 1989. 
JettC L, TCtu B and Beliveau R, High levels of P-glycoprotein 
detected in isolated brain capillaries. Biochim Biophys Actu 
1150: 147-154, 1993. 
Gros I’, Ben-Neriah Y, Croop JM and Housman DE, Isolation 
and expression of a complementary DNA that confers multi- 
drug resistance. Nature 323: 728-731, 1986. 
Gottesman MM and Pastan I, Biochemistry of multidrug 
resistance mediated by the multidrug transporter. Annu Rew 
Biochem 62: 385-427, 1993. 
Doige CA and Sharom FJ, Transport properties of P-glyco- 
protein in plasma membrane vesicles from multidrug-resistant 
Chinese hamster ovary cells. Biochim Biophys Acta 1109: 
161-171, 1992. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Schinkel AH, Smit JJM, van Tellingen 0, Beijnen JH, 
Wagenaar E, van Deemter L, Mol CAAM, van der Valk MA, 
Robanus-Maandag EC, te Riele HPJ, Berns AJM and Borst P, 
Disruption of the mouse mdrla P-glycoprotein gene leads to a 
deficiency in the blood-brain barrier and to increased sensi- 
tivity to drugs. Cell 77: 491-502, 1994. 
Liu RH and Sharom FJ, Site-directed fluorescence labeling of 
P-glycoprotein on cysteine residues in the nucleotide binding 
domains. Biochemistry 35(36): 11865-l 1873, 1996. 
Roux F, Durieu-Trautmann 0, Chaverot N, Claire M, Mailly 
P, Bourre J-M, Strosberg AD and Couraud PO, Regulation of 
gamma-glutamyl transpeptidase and alkaline phosphatase ac- 
tivities in immortalized rat brain microvessel endothelial 
cells. J Cell Physiol 159: 101-l 13, 1994. 
El Hafny B, Bourre J-M and Roux F, Synergistic stimulation 
of gamma-glutamyl transpeptidase and alkaline phosphatase 
activities by retinoic acid and astroglial factors in immortal- 
ized rat brain microvessel endothelial cells. J Cell Physiol 167: 
451-460, 1996. 
Sabouraud AE, Urtizberea M, Cano NJ, Grandgeorge M, 
Rouzioux JM and Scherrmann J-M, Colchicine-specific Fab 
fragments alter colchicine disposition in rabbits. J Pharmacol 
Exp Ther 260: 1214-1219, 1992. 
Tatsuta T, Naito M, Oh-hara T, Sugawara I and Tsuruo T, 
Functional involvement of P-glycoprotein in blood-brain 
barrier. J Biol Chem 267: 20383-20391, 1992. 
Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, Protein 
measurement with Folin phenol reagent. J Biol Chem 193: 
265-275, 1951. 
Chappey ON, Niel E, Debray M, Wautier J-L and Scherr- 
mann J-MG, Efflux of intracellular colchicine in lymphocytes 
with colchicine-specific Fab fragments. J Pharmacol Exp Ther 
274: 1072-1076, 1995. 
Begley DJ, Lechardeur D, Chen Z-D, Rollinson C, Bardoul M, 
Roux F, Scherman D and Abbott NJ, Functional expression of 
P-glycoprotein in an immortalised cell line of rat brain 
endothelial cells, RBE4. J Neurochem 67: 988-995, 1996. 
Barrand MA, Rhodes T, Center MS and Twentyman PR, 
Chemosensitisation and drug accumulation effects of cyclo- 
sporin A, PSC-833 and verapamil in human MDR large cell 
lung cancer cells expressing a 190k membrane protein distinct 
from P-glycoprotein. Eur J Cancer 29A(3): 408-415, 1993. 
Safa AR, Stern RK, Choi K, Agresti M, Tamai I, Mehta ND 
and Roninson IB, Molecular basis of preferential resistance to 
colchicine in multidrug-resistant human cells conferred by 
Gly-185 + Val-185 substitution in P-glycoprotein. Proc Natl 
Acad Sci USA 87: 7225-7229, 1990. 
Diaz JF and Andreu JM, Kinetics of dissociation of the tubulin- 
colchicine complex. J Biol Chem 266: 2890-2896, 1991. 
Greig NH, Soncrant TT, Shetty HU, Momma S, Smith QR 
and Rapoport SI, Brain uptakes and anticancer activities of 
vincristine and vinblastine are restricted by their low cere- 
brovascular permeability and binding to plasma constituents 
in rat. Cancer Chemother Pharmacol 26: 263-268, 1990. 
Reichel A, Reeve-Chen ZD, Begley DJ and Abbott NJ, A 
method to assess functional activity of P-glycoprotein in vitro 
based on the energy requirements of the transporter. In: Biology 
and Physiology of rhe Blood-Brain Barrier: Transport, CeUular 
Interactions and Brain Pathologies (Eds. Couraud PO and Scher- 
man D), pp. 183-187, Plenum Press, New York, 1997. 
McClure WO and Paulson JC, The interaction of colchicine 
and some related alkaloids with rat brain tubulin. Mel 
Pharrnucol 13: 560-575, 1977. 
Seidel A, Hasmann M, Lliser R, Bunge A, Schaefer B, Herzig 
I, Steidtmann K and Dietel M, Intracellular localization, 
vesicular accumulation and kinetics of daunorubicin in sen- 
sitive and multidrug-resistant gastric carcinoma EPG85-257 
cells. Virchows Archiv 426: 249-256, 1995. 


