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Abstract-The in vitro effects of four Vinca alkaloids, vinblastine (VLB), vincristine (VCR), vindesine 
(VDS) and vinepidine (VPD), on B36 melanoma proliferation, binding to bovine brain tubulin and B16 
melanoma cell extracts, and uptake by the B16 cells were compared. The relative binding affinities to 
bovine brain tubulin were VPD > VCR = VDS > VLB with the K,, for VPD being about 4-fold higher 
than that for VLB. On the other hand, the relative effects on B16 cell proliferation were exactly the 
opposite. Differences were found in the degree of concentration of the four alkaloids by the cells: lOO- 
fold for VLB, 50-fold for VCR and VDS, and 20-fold for VPD. At the extracellular concentrations of 
drugs which inhibit proliferation by 50%, the intracellular concentration would still be far less than the 
tubulin concentration. Thus, it is likely that all of the Vinca alkaloids would be bound to tubulin and 
difference in uptake rather than K,, values is the major factor in determining the relative effectiveness 
of the drugs. L cells showed 50% the sensitivity of B16 melanoma cells toward VLB and 30% the 
sensitivity toward VPD. The L cells also concentrated these drugs to a lesser extent than did the B16 
cells. 

Vinblastine (VLBt) and vincristine (VCR) are 
members of the group of Catharanthus roseus 
antimitotic alkaloids referred to as Vinca alkaloids. 
These two compounds are commonly used in cancer 
chemotherapy against a variety of tumors. Inhibition 
of mitosis is a result of the binding of alkaloids to 
tubulin and microtubules. Numerous studies have 
shown the intracellular disruption of microtubules 
by VLB and VCR and, at high enough concentrations, 
the formation of paracrystals containing tubulin [see 
Refs. l-4 for reviews]. At very low concentrations, 
in one cell line, the Vinca drugs can stop cell 
proliferation in M-phase without disrupting the 
spindle apparatus, presumably by inhibiting addition 
of tubulin to microtubule ends [S]. In vitro, the 
Vinca alkaloids bind to tubulin producing aggregation 
of the protein [6], inhibit microtubule assembly [7], 
inhibit the addition of tubulin dimers to the ends of 
microtubules at steady state [8], bind directly to the 
walls of microtubules [9], and cause the disruption 
of the wall structure of microtubules with the 
resulting formation of microtubule protofilaments 
coiled into spiral-like structures [lo]. 

Various semisynthetic derivatives of VLB and 
VCR have been made including vindesine (VDS; 
deacetylvinblastine amide) and vinepidine (VPD; 
4’-deoxyepivincristine) (see Fig. l), and their 
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t Abbreviations: VLB, vinblastine; VDS, vindesine; 
VCR, vincristine; VPD, vinepidine; Pipes, l&piper- 
azinediethanesulfonic acid; EGTA, ethylene glycol-bis 
(B-aminoethyl ether) N,N,N’,N’-tetraacetic acid; PEM 
buffer, 0.1 M Pipes, 1 mM EGTA, 1 mM MgS04, pH 6.9; 
PBSA, phosphate-buffered saline without divalent cations; 
ABTS, 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic 
acid); and ELISA, enzyme-linked immunosorbent assay. 

!!L Rz !3 !!i Rs 
VLB CH3 COOCN3 OCOCH3 CHzCH3 OH 

VDS CH3 CONH2 OH CHzCI(I OH 

VCR CHO COOCH3 0COCH3 CH2C9 OH 

WD CHO CODCH3 OCOCH3 H CH2CH3 

Fig. 1. Structures of four Vinca alkaloids. Abbreviations: 
VLB, vinblastine; VDS, vindesine; VCR, vincristine; and 

VPD, vinepidine. 

activities against tumors, cells in culture, and the in 
vitro polymerization of tubulin have been examined. 
The relative effectiveness of the four Vinca alkaloids 
VLB, VCR, VDS and VPD in inhibiting tumor 
growth and cell proliferation varies and depends on 
the system being studied. In inhibiting microtubule 
dynamics at steady state, WD is the most effective 
of the four followed by VCR, VDS and VLB, but 
in inhibiting B16 melanoma cell proliferation in 
culture, VLB is the most effective and VPD the 
least [ll]. 

The purpose of this study was to determine 
whether differences in drug uptake by one cell line, 
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B16 melanoma, could explain the differential effects 
of the four Vinca alkaloids on cell proliferation, or 
whether the differences could be due to differences 
in affinity for tubulin. 

MATERIALSANDMETXODS 

~uteria~. VLB and VCR were purchased from 
Sigma (St. Louis, MO); VDS and VPD were gifts 
of Eli Lilly & Co. (Indianapolis, TN). Dulbecco’s 
modified Eagle’s Minimal Essential Medium and 
donor calf serum were obtained from Hazleton 
(Lenexa, KS). Inulin [*4CJcarboxyl was purchased 
from American Radiolabeled Chemicals (St. Louis, 
MO) and [3H]H20 from Amersham (Arlington 
Heights, IL). Anti-P tubulin monoclonal antibody 
was derived from ascites tumors grown in Balb-C 
mice injected with hybridoma cells provided by 
Bonnie Neighbors (University of Colorado, Boulder, 
CO). Horseradish peroxidase-conjugated goat anti- 
mouse IgG + IgA + IgM and ABTS were purchased 
from Zymed (South San Francisco, CA). 

Preparation of ~bu~in. Tubulin was obtained 
from bovine brain by a modification of the micro- 
tubule assembly-disassembly procedure of Shelanski 
et al. [12], followed by phosphocellulose chroma- 
tography [13]. Purified tubulin in PEM buffer (0.1 M 
Pipes, 1 mM EGTA, 1 mM MgS04, pH 6.9) was 
drop-frozen in liquid nitrogen and stored at -80”. 
Before use, thawed tubulin was cleared of particulate 
debris by centrifugation at 27,000 g for 10 min at 0”, 
and its concentration was determined by the method 
of Bradford 1141. 

Ending of Vinca alkaloids to tub&in. Binding was 
measured by a previously described gel column 
centri~gation technique [15,X], except that radio- 
active compounds were not used. Samples containing 
0.5 mL of tubulin (2 @f) with various concentrations 
of the Vinca alkaloids in PEM were incubated for 
20 min on ice. Unbound drug was then removed by 
centrifuging duplicate 0.2-mL aliquots through 
Sephadex G-25 columns (06mL) packed in I-mL 
syringes. A 50-flL aliquot of the eluate was used for 
protein determination and 2.7 mL of ethanol was 
added to 0.3 mL of the remainder to release the 
bound alkaloid. After a 30-min incubation at -20” 
the precipitated protein and Pipes were removed by 
centrifugation and the ethanol was vacuum- 
evaporated. The residue was dissolved in 50% 
methanol in 10 mM KH2P04 (pH 4.5) and the 
amount of Vinca compound present was determined 
by reversed-phase HPLC [17]. Chromato~aphy 
conditions were as follows: Beckman Ultrasphere 
Crs column; isocratic solvent system, 50% methanol 
in 10 mM KHZPOI (pH 4.5); flow rate, 1.2 mL/min; 
and detector, 220 nm. The area of the peak due to 
the alkaloid was determined using either a Shimadzu 
Chromatopak CR 601 integrator or a Houston Hipad 
digitizing tablet and Sigmascan (Jandell Scientific) 
software. The quantity of bound Vinca drug in the 
eluate was determined from standard curves and 
used to calculate free concentrations in the original 
solution. The association constants for tubulin-Vinca 
binding were calculated according to the method of 
Scatchard [18]. Association constants were calculated 
by linear regression analysis using Enzfitter (Elsevier- 

BIOSOFI’) software. Data points up to a value of 
1.0 for Vinca bound/tubulin were used. 

Tubulin aggregation. Tubulin aggregation in the 
presence of the Vinca drugs was examined by 
gel exclusion HPLC 1161. Purified tubulin was 
polymerized for 30 min at 37’ at a concentration of 
6.9 mg/mL in PEM buffer containing 0.5 m&i GTP. 
The resultant ~crotub~es were pelleted at 2~,~ g, 
for 4 min at 37” in Beckman TL-100 ul~acen~~ge, 
resuspended and cold-depolymerized in PEM buffer, 
and centrifuged again at 4” to remove any cold- 
stable assembly products. Samples containing 2 a 
tubuhn and 5 ,uM Vinca alkaloid were prepared and 
incubated for 20 min at room temperature. The 
relative degree of tubulin aggregation was then 
monitored by passing a 100-a aliquot through a 
TSK G-3000 SW column equilibrated with the 
reaction buffer containing the alkaloid (flow rate = 
1 mL/min, detection at 280 nm). The elution times 
for molecular weight standards (BioRad) in PEM 
were: aggregate (void volume), 64min; thy- 
roglobulin (670 kDa), 6.4 min; y-~obulin (158 kDa), 
9.8 min; ovalbumin (44 kDa), 11.3 min; myoglobin 
~~~~~, 13.3 min; and vitamin Biz (1.35 kDa), 

Celi phferntion experiments. Murine B16 mela- 
noma and NCTC mouse clone 939 (Strain L, Earle) 
cells were grown in monolayer cultures in 5% COz 
at 37” in Dulbecco’s modified Eagle’s MEM 
containing 7% donor calf serum. Frozen cells were 
thawed and grown for at least 15 passages before an 
experiment. In the proliferation experiments 1-mL 
aliquots of medium containing 4.2 x lo4 cells were 
added to wells in a 24-well plate. After 24 hr the 
medium was replaced by medium lacking or 
~ntaining different ~ncentrations of the drugs and 
the cells were incubated for another 43 hr. Cells 
were loosened with 0.05% trypsin-O.t?2% EDTA in 
phosphate-buffered saline without divdent cations 
(PBSA), suspended in medium, and counted in a 
Coulter counter. 

Binding of Vinca alkaloids to cell-free extract. Cells 
were seeded in 40 ml, of medium (1 x lo5 cells/mL) 
in milk dilution bottles and grown for 4 days. They 
were subsequently harvested in 0.2 mM EDTA in 
PBSA by scraping with a rubber policeman. The 
cells were washed by three cycles of centrifugation 
and resuspension in PBSA. After a fourth 
~n~~gation, the cells were resuspended in an 
equal volume of 2 x PEM buffer (0.2 M Pipes, 2 mM 
EGTA, 2mM MgS04, pH6.9). The suspension 
was sonicated and debris was removed by two 
centrifugation steps at 4”, the first at 27,OOOg for 
10min and the second at 100,000g for 45min. 
Samples containing SOOpL of the supernatant 
(4.4 mg protein/ml) with either a 0.3 or 0.75 FM 
concentration of the Vinca drugs were incubated on 
ice for 20 min. The amount of bound drug was then 
determined by the HPLC assay described above 
except that standards were prepared by adding 
known alkaloid concentrations to cell extracts, 
followed by precipitation with ethanol. 

~etermina~o~ of intrucel~~ur water content. Water 
content was determined as described by Rivera- 
Fillat et al. [19]. Cells grown for 48 hr in twelve 2- 
day-old 100 mm culture dishes were loosened with 
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0.05% trypsin-O.O2% EDTAinPBSA andsuspended 
in 40mL of medium. The cells were collected by 
centrifugation, resuspended in 6.5 mL of medium, 
and counted in a Coulter counter. The medium was 
distributed to three centrifuge tubes such that they 
contained 2.1,4.2, and 6.3 X 10’ cells, respectively. 
Following another centrifugation step, the pellets 
were taken up in 1 mL of medium containing 1 X lo6 
cpm each of [3H]Hz0 and inulin ([i4C]carboxyl). 
After a 30-min incubation at room temperature the 
samples were centrifuged, the supematant was 
removed carefully, and the pellets were resuspended 
in 1 mL of PBSA. Aliquots were removed for 
scintillation counting, and the cell volume was 
calculated by taking the 3H content as the sum of 
the intra- and extracellular Hz0 contents and the 
r4C content as the extracellular volume. 

Accumulation of Vinca alkaloids in cells. Cells 
were grown in 100 mm culture dishes to a density of 
approximately 1 x 10’ cells/dish. At this time the 
medium was replaced with 4 mL of fresh medium 
lacking or containing 0.1 or 1 PM alkaloid. After a 
90-min incubation at 37’ the medium was removed 
and the plates were washed quickly three times with 
PBSA. The cells were detached with trypsin-EDTA, 
suspended in 1 mL PBSA, counted in a Coulter 
counter, and sonicated. 

To remove substances interfering with HPLC 
analysis, Vincas were extracted by an ion-pairing 
procedure [ZO]. Sonicated samples (1 mL) were 
cleared of protein by the addition of 2 mL 
of acetonitrile. After centrifugation to remove 
precipitate, 2.7 mL of the supernatant was evaporated 
at 60” under a stream of Nr. To each sample was 
added 6 mL of 0.4 M phosphate buffer, pH3, 
containing 0.05 M sodium octylsulfate and 3 mL of 
chloroform. The mixtures were agitated for 30 min 
on an orbit shaker; then 2.5 mL of the organic phase 
was evaporated at 30” under a stream of Nr. The 
residue was dissolved in 50% methanol in 10mM 
KH2P0., (pH 4.5) and the amount of Vinca present 
was determined by HPLC. The recovery of the drugs 
added to sonicates by this procedure was greater 
than 90%. 

Determination of tub&in content of B16 melanoma 
cells. A direct enzyme-linked immunosorbent assay 
(ELISA) was used to determine cellular tubulin 
content. The primary antibody, an anti-p tubulin 
antibody, was obtained from the ascites cells as 
described above. The secondary antibody was 
horseradish peroxidase-conjugated goat anti-mouse 
IgG + IgA + IgM and ABTS was used as the 
chromogen. 

RESULTS 

Inhibition of cell proliferation by the four Vinca 
alkaloids. In a previous study of the relative effects 
of Vinca alkaloids on B16 melanoma cell proliferation 
the drugs were compared at a single concentration 
[ll]. To obtain a better comparison of the 
effectiveness we determined proliferation after 43 hr 
in the presence of different concentrations of the 
alkaloids (Fig. 2). The data clearly show that the 
cells were most sensitive to VLB and least sensitive 
to VPD. Little difference was found between VCR 
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Fig. 2. Inhibition of B16 melanoma cell proliferatioin by 
the four Vinca alkaloids. Cells were grown for 24 hr before 
being placed in medium containing the drugs. After 43 hr 
of ir&bation the cells were counted. At-this time the 
control contained 6.3 x lo5 cells/well. Details are &en 
under Materials and Methods. ?he data are fromone 
experiment, but similar experiments were done at least 

four times with similar results. 

and VDS. The concentrations required for 50% 
inhibition of proliferation under the conditions used 
were 4.3 nM (VLB), 9.9 nM (VDS), 11 nM (VCR), 
and 60nM (VPD). Previous results had shown a 
slightly greater inhibition by VDS when compared 
to VCR [21]. 

Binding of the four Vinca alkaloids to bovine 
tub&in. Although binding of VLB and VCR to 
tubulin has been studied previously, no information 
on VPD binding is available and VDS binding has 
been studied using an impure tubulin preparation 
and a competitive binding assay. Moreover, because 
of the influence of solution components on the 
experimentally determined apparent affinity constant 
for the tubulin-Vinca alkaloid complex [16,22,23], 
it was important to compare binding using the 
same tubulin preparation under identical solution 
conditions. Binding to bovine brain tubulin was 
measured using the centrifugation-filtration tech- 
nique and HPLC analysis for the bound alkaloid. 
Scatchard plots of the data together with apparent 
K, values are presented in Fig. 3. Although there 
were not large differences in the constants, the order 
of binding affinity was always VPD > VCR = 
VDS > VLB. 

It has been shown that binding of Vinca drugs to 
tubulin is linked to a protein aggregation process 
[22]. A qualitative measure of binding is the degree 
of aggregation produced by the Vinca alkaloid, 
which can be monitored by size exclusion HPLC 
[16]. Figure 4 shows the result of such an experiment 
in which the ratio of Vinca drug to tubulin 
was maintained at a 2.5:1 molar ratio during 
chromatography. Tubulin samples usually contain a 
small amount of aggregated material together with 
the dimer. In the presence of VLB it is apparent 
that the sample consists of multiple species with 
molecular weights greater than that for the dimer. 
The elution profile in the presence of VLB is similar 
to that published previously [la]. The degree of 
aggregation, as indicated by the amount and the 
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Fig. 3. Binding of four Vincas to bovine brain tubulin. Various concentrations of the Vinca alkaloids 
were incubated with 2pM tubulin for 20min at 0” after which tubulin-bound Vinca (Vincas) was 
separated from free Vinca (VincaJ by column centrifugation. Procedures used are presented under 
Materials and Methods. Results from one experiment are presented as Scatchard plots. Data points 
from Vinca,/tubulin G 1 were used to determine the best fit to the line by linear regression. K. values 
for the individual Vinca alkaloids were obtained two to four times in other experiments and always 

showed the order of K,, values as shown in this figure. 
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Fig. 4. Vinca-induced aggregation of bovine brain tubulin. 
Tubulm (2 a) was incubated in the absence or presence 
of 5 pM Vmca alkaloids and then placed on a size exclusion 
HPLC column. The elution buffer (PEM) contained 5 @vl 
Vinca alkaloid. Details are given under Materials and 
Methods. These data are the result of a single experiment. 

time of elution of the fastest-eluting species, 
increased as the drug was changed to VDS, VCR 
and finally VPD. The result is consistent with the 
relative K,, values shown in Fig. 3. 

Table 1. Binding of Vinca alkaloids to B16 cell-free extracts 

Vinca bound (f&l) 

Alkaloid 0.3 /.LM 0.75 PM 

VLB 0.20 (0.23) 
VDS 0.22 (0.25) 

0.50 (O$) 

VCR 0.28 (0.26) 0.65N(&r) 
VPD 0.29 (0.27) 0.65 (0.64) 

Binding was measured at two alkaloid concentrations, 
0.3 and 0.75 PM and a protein concentration of 4.4 mg/ 
mL. Details are given under Materials and Methods. The 
numbers in parentheses are calculated values using a 
tubulm content of 4% of the total protein and the K, 
values reported in Fig. 3. The results are from a single 
experiment. Abbreviations: VLB, vinblastine; VDS, 
vindesine; VCR, vincristine; and VPD, vinepidine. 

l Not determined. 

Binding of the Vinca alkalioh to B16 melanoma 
cell-free extract. It is possible that the relative binding 
affinity of the four alkaloids to B16 tubulin is not 
the same as to bovine brain tubulin. To test this we 
examined binding to cell-free extracts at two alkaloid 
concentrations. With the use of an ELISA assay we 
determined that tubulin constituted about 34% of 
the protein of a 100,OOOg supematant from a cell 
extract. Table 1 presents the results of the binding 
experiments using 0.3 and 0.75 @vl alkaloid. At the 
protein concentration used, the tubulinconcentration 
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Table 2. Uptake of Vinca alkaloids by B16 cells 

Intracellular 
concentration 

GM) 

Drug lfl 0.1 PM 1cCM 0.1 PM 

X 
109 11 100 10 
52 5.2 48 4.8 

VCR 43 5.6 39 5.1 
VPD 21 -0.7* 19 -0.6* 

The results are from one experiment. This experiment 
was repeated five times with similar results. See Materials 
and Methods for details. 

* These figures are uncertain because they are close to 
the limit of detection by the method used. 

was 1.3 to 1.8 PM. Binding was similar for the four 
compounds but differences were noted and these 
differences were consistent with the order of binding 
affinities determined with bovine brain tubulin. As 
the data show, the amount of binding was close to 
what was predicted using the binding constants 
determined for bovine brain tubulin. 

Uptake of the four alkaloids by Bl6 melanoma 
cells. The results described above, which indicate 
that bovine brain and B16 tubulin have a higher 
aftinity for VPD than for VLB, are consistent with 
the greater effectiveness of the former alkaloid in 
inhibiting tubulin addition to microtubules in vitro 
[ll]. However, they are not consistent with the fact 
that B16 cells are more sensitive to VLB than to 
VPD [ll]. A possible explanation for this apparent 
discrepancy is that B16 melanoma cells concentrate 
VLB to a greater extent than VPD. 

To measure uptake of the alkaloids, cells were 
incubated with 0.1 and 1.0 ,uM concentrations of the 
drugs for 90 min. Previous studies demonstrated that 
this time period was sufficient to achieve maximum 
uptake of VDS and VCR by B16 cells [21], and, in 
data not shown here, we found that the same time 
period was sufficient to achieve maximum uptake 
for VPD and VLB. HPLC was used to determine 
the cellular content of the alkaloids (Table 2). Using 
an intracellular water volume of 1.09&/106 cells, 
determined by the use of [‘H]HrO and 14C- 
carboxylated inulin, the cellular concentration was 
calculated. VLB was concentrated about lOO-fold by 
the cells, compared to about SO-fold for VDS and 
VCR and 20-fold for VPD. In comparing the uptake 
at the two concentrations, it was apparent that the 
intracellular concentrations of VLB, VDS and 
VCR were directly proportional to the external 
concentrations. This was not the case with VPD in 
which uptake did not appear to show a direct 
relationship to the external concentration. However, 
this is difficult to evaluate from just two data points. 

Molecular size of protein-Vinca complex in B16 
cells. We attempted to address the question of 
whether the tubulin-vinca complex in cells exists in 
the dimer or aggregated forms. In other words, is 
the aggregation phenomenon induced by Vinca 
alkaloids restricted to the in vitro system? After cells 

BP 4113-u 

were incubated with 0.1,&J VLB for 90 min, cell 
extracts were made in either 10 mM phosphate buffer 
or PEM buffer and placed on a TSK G-3000 SW 
size exclusion column. In the case of extract in 
phosphate buffer the radioactivity eluted at the time 
expected for the tubulin dimer whereas the 
radioactivity in the extract made in PEM buffer 
eluted earlier than the dimer peak, indicating that 
it was an aggregated complex. Unfortunately, these 
results are difficult to interpret. The PEM buffer 
could have caused the aggregation of the dimer- 
alkaloid complex or pre-existing aggregated material 
may have dissociated in phosphate buffer. It is 
known that the aggregation induced by Vincas and 
certain solution variables can be partially reversed 
by removal of these components [16]. 

Vinca uptake and cell proliferation inhibition using 
L cells. In a previous study, we found that L cells 
were somewhat less sensitive to the Vinca alkaloids 
than were B16 cells [ll]. We investigated this in 
more detail with VLB and VPD and found that the 
concentration needed to inhibit proliferation by 
500/o, in an assay done as the experiment in Fig. 2, 
was 9 nM for VLB and 190 nM for VPD. When we 
measured the uptake of VLB and VPD, it was found 
that the former drug was concentrated 60-fold and 
the latter, about IO-fold. The cell volume of the L 
cells was close to that of the B16 cells, 0.9pL/106 
cells. Thus, a difference in extent of uptake would 
explain the difference in sensitivity between B16 
cells and L cells, and the differences in uptake and 
toxicity between VLB and VPD were observed with 
each cell line. 

DlSCUsSION 

The purpose of this study was to determine the 
reason for the apparent discrepancy between the 
known relative tubulin-binding activity of some 
Vinca alkaloids and their anti-proliferative activity. 
VPD binds to tubulin with a binding constant which 
is approximately Cfold higher than that for VLB 
and about 2-fold higher than that for VCR and VDS. 
The relative binding we found for VLB, VCR and 
VDS was similar to what has been reported previously 
using purified tubulin and microtubule-associated 
protein-containing tubulin [24-261. In addition, the 
relative effects of VCR, VDS and VLB on 
microtubule assembly and flux in uitro are in 
agreement with their relative tubulin binding 
efficiencies [ll, 271. The data in this paper on VPD 
binding and previous data on the inhibition of tubulin 
flux by this alkaloid [ll] are consistent with a direct 
relationship between tubulin binding affinity and in 
vitro effects on microtubules. The results of the ex- 
periments dealing with binding of the four alkaloids 
to B16 melanoma cell extract indicate that the 
binding properties of B16 melanoma tubulin do not 
differ significantly from those of bovine brain tubulin. 
Therefore, the differential effects of the Vinca 
alkaloids on B16 melanoma cell proliferation are 
not due to differential tubulin binding properties. 

The most likely explanation for the fact that VPD 
is much less effective as an anti-proliferative agent 



550 W. D. SINGER and R. H. HIMES 

than the other three alkaloids, in spite of its greater 
binding affinity to tubulin, is that it is not concentrated 
in cells to the same extent. This was clearly the case 
and, in fact, the relative concentrations of the Vinca 
drugs in the cells after a 90-min incubation 
corresponded to their ability to inhibit proliferation. 
It is possible to generalize that differential cellular 
toxicities among Vinca alkaloids which show only 
small differences in K, values for tubulin are due to 
uptake differences. This suggestion is based on the 
fact that at the extracellular concentrations of the 
drugs which inhibit proliferation by 50%, the intra- 
cellular concentration is still far lower than the 
tubulin concentration and all of the alkaloid would 
be bound to tubulin, assuming the K, values to be 
those shown in Fig. 3. In the case of the B16 cells, 
using the determined cell water volume of 1 pL/cell 
we calculated a cellular protein concentration of 
-2OOmg/mL and estimated the total tubulin 
concentration (M% of cellular soluble protein) to 
be 60-80 PM, or 40-50 PM unpolymerized tubulin 
assuming 30-40% to be in the polymerized state 
[5,28]. The intracelltir concentrations of the four 
alkaloids at the extracellular concentration which 
produced 50% inhibition of cell proliferation, 
assuming the same degree of concentration as 
observed at 1 PM drug, would be VLB, 0.43 PM; 
VDS, 0.50 PM; VCR, 0.44 PM; and VPD, 1.2 ,uM. 
Thus, the presence of about one-tubulin-alkaloid 
complex molecule per 100 tubulin molecules is 
sufficient to produce 50% inhibition of proliferation. 
This figure is not far from that calculated to produce 
50% inhibition of the self-assembly of tubulin in 
vitro [8]. The value of 1.2 PM for VPD is somewhat 
higher than those of the other three compounds and 
may reflect a non-linear relationship between 
concentration and uptake at low concentrations, as 
indicated by the data in Table 2 for 0.1 PM VPD. 

The lower cellular toxicity of VPD (Cdeoxy- 
epivincristine) when compared to VCR, which has 
been observed in other cell lines in addition to the 
B16 melanoma line [5,29,30], could be due to the 
lack of the hydroxy group on the 4’ carbon or to the 
epimeric configuration at C4’. Based on a comparison 
of the toxicities of VLB and the C4’ epimer of VLB, 
vinrosidine, it would appear to be due to the epimeric 
configuration since both of these latter compounds 
have the hydroxy group on the 4’ position. 
Vinrosidine is far less cytotoxic than VLB [5] but in 
in uirro assays its activity is close to that of VLB 
[31]. It is likely that decreased uptake of vinrosidine 
by cells is responsible for its decreased activity in 
cell culture assays. A possible explanation is the 
high pK, of the nitrogen in the piperidine ring of 
the velbanamine (upper) portion of the molecule. 
In vinrosidine this pK, value is 8.8 [32] compared to 
7.4 for VLB [33]. As a result, vinrosidine would be 
protonated at pH7.4, the cell medium pH, and 
transport through the plasma membrane would be 
more difficult. VPD, with a similar epimeric 
structure, may also have a higher pK, value when 
compared to VCR. It should be pointed out, 
however, that results different from those in cell 
cultures may be obtained when studying effects on 
tumors in animals. For example, the antitumor 
activity of VPD against human rhabdomyosarcoma 

grown in mice was found to be greater than that of 
VLB, presumably due to longer retention of VPD 
by the tumor [34]. 

In comparing the relative sensitivity of two cell 
lines, B16 melanoma and L, it was found that the 
former line was about twice as sensitive as the latter 
to VLB and about three times as sensitive to VPD. 
There was a good correlation of this relative 
sensitivity to the relative degree of concentration of 
the drugs by the two cell lines. B16 melanoma cells 
concentrated VLB and VPD twice as much as did 
the L cell line. In addition, in both cases VLB was 
concentrated to about 5- to 6-fold greater extent 
than VPD. However, this simple relationship 
apparently does not hold in all cases. For example, 
HeLa cells are about ten times more sensitive to 
VLB than are B16 cells but HeLa cells concentrate 
the alkaloid about 50% of the extent of the B16 cells 
[51* 
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